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DESIGN DATA

CODE ASME Section VIII Division 1 2007 Edition, A09 Addenda

CODE STAMP YES

NATIONAL BOARD YES

CORROSION ALLOWANCE 0.063 inch 1.6 mm)
JOINT EFFICIENCY (SHELL/HEAD) 0.85/1.0

POST WELD HEAT TREATMENT NO

RADIOGRAPHY (SHELL/HEAD)|  SPOT/FULL

PNEUMATIC TEST PRESS - [psi G] - [ke/f * G])
HYDRO. TEST PRESSURE (AT SHOP & TOP) 65.00 [psi G 4.57 [ke/f * G])
HYDRO. TEST PRESSURE (AT FIELD & TOP) 65.00 [psi G 4.57 [ke/! * G])
DESIGN INTERNAL TEMPERATURE 250 - 121.12 )
DESIGN EXTERNAL TEMPERATURE 115 - 46.12 )

MIN. DESIGN METAL TEMPERATURE 10 - -12.23 )
DESIGN INTERNAL PRESSURE 50.0 [psi G 3.52 [ke/! : G])
DESIGN EXTERNAL PRESSURE F.V. [psi G F.V. [ke/! * G])
OPERATING TEMPERATURE 115 - 46.12 )
OPERATING PRESSURE . [psi G] - [ke/! : G])
CONTENTS *rk

LIQUID SPECIFIC GRAVITY 1.015

LENGTH BETWEEN TANGENT LINE 144 inch 3658.0 mm)
SHELL INSIDE DIAMETER 48 inch 1219.0 mm)
TYPE OF HEADS 2:1 ELLIP.

WIND LOAD 100 mph (ASCE 7-05)

SEISMIC LOAD CLASS C (ASCE 7-05)

INSULATION THICKNESS NONE inch NONE mm)
FIRE PROOFING THICKNESS NONE inch NONE mm)
VOLUME 1253.0 US gal 474 M"3)
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Settings Summary
COMPRESS Build 7110
Units: U.S. Customary
Datum Line Location: -1.97" from bottom seam
Design

ASME Section VIII Division 1, 2007 Edition, A09 Addenda

Design or Rating: Get Thickness from Pressure
Minimum thickness: 0.0625" per UG-16(b)
Design for cold shut down only: No

Design for lethal service (full radiography required): No

Design nozzles for: Design P only

Corrosion weight loss: 100% of theoretical loss
UG-23 Stress Increase: 1.20

Skirt/legs stress increase: 1.0

Minimum nozzle projection: 5.9055"

Juncture calculations for o> 30 only: Yes

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick: Yes
UG-37(a) shell tr calculation considers longitudinal stress: No

Pipe under-tolerance is not applied to cylindrical shell thicknesses.
Butt welds are tapered per Figure UCS-66.3(a).

Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times design P
Test liquid specific gravity: 1.00

Field Hydrotest Pressure: 1.3 times design P
Wind load present @ field: 33% of design
Maximum stress during test: 90% of yield

Required Marking - UG-116

UG-116(e) Radiography: RT4
UG-116(f) Postweld heat treatment: None

Code Cases\Interpretations

Use Code Case 2547: No
Apply interpretation VIII-1-83-66: Yes
Apply interpretation VIII-1-86-175: Yes
Apply interpretation VIII-1-83-115: Yes
Apply interpretation VIII-1-01-37:  Yes
No UCS-66.1 MDMT reduction: ~ No
No UCS-68(c) MDMT reduction:  No
Disallow UG-20(f) exemptions: No

UG-22 Loadings

UG-22(a) Internal or External Design Pressure :
UG-22(b) Weight of the vessel and normal contents under operating or test conditions:

UG-22(c) Superimposed static reactions from weight of attached equipment (external loads):

UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs:
UG-22(f) Wind reactions:

UG-22(f) Seismic reactions:

UG-22(j) Test pressure and coincident static head acting during the test:
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Note: UG-22(b),(c) and (f) loads only considered when supports are present.
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Pressure Summary

Pressure S ry for Chamber bounded by BTM HEAD and TOP HEAD
P T T,
Identifier Design | Design MA]?P external M]?,:_/[T EMDMT {rmpafit
(psi) (°F) ( psi) (°F) (°F) xemption este
TOP HEAD 50 2501 8233 115 -320 Note 1 No
Straight Flange on TOP HEAD 50 250 74.03 115 -320 Note 2 No
SHELL 50 250) 74.03 115 -320 Note 3] No
Straight Flange on BTM HEAD 50 250 74.03 115 -320 Note 5 No
BTM HEAD 50 2501 8233 115 -320 Note4]| No
Nozzle | Note 6 No
4" (AM) 50 250 15 115 -55
Pad | Note 7 No
Nozzle | Note 6 No
14" (AO) 50 250 15 115 =55
Pad | Note 7 No
24" (BB) 50 250 15 115 -55 Note 6 | No
11/2" (BH) 50 250 15 115 -55 Note 6 ] No
Nozzle | Note 6 No
18" (BJ) 50 250 1 115 =55
Pad | Note 8 No
2" (BS) 50 250 15 115 -55 Note 6| No
Nozzle | Note 6 No
4" (CW) 50 250 15 115 -55
Pad | Note 9 No
2" (LBI1A/B, LT3A/B, LT5A/B, LT7A/B) 50 250 15 115 =55 Note 6 No
2" (LT2A/B, LT4A/B, LT6A/B) 50 250 15 115 =55 Note 6 No
Chamber design MDMT is 10 °F
Chamber rated MDMT is -55 °F @ 50 psi
Chamber Design MAWP hot & corroded is 50 psi
Chamber MAEP is 15 psi @ 115 °F
Vacuum rings did not govern the external pressure rating.
Notes for Maximum Pressure Rating:
Note # Details
1. ] Option to calculate MAP was not selected. See the Calculation->General tab of the Set Mode dialog.
2. ] Option to calculate MAWP was not selected. See the Calculation->General tab of the Set Mode dialog.
Notes for MDMT Rating:
Note # Exemption Details
1. | Material Impact test exempt per UHA-51(g)(coincident ratio = 0.17707)
2. | Impact test exempt per UHA-51(g)(coincident ratio = 0.14782)
3. | Impact test exempt per UHA-51(g)(coincident ratio = 0.15623)
4. | Material Impact test exempt per UHA-51(g)(coincident ratio = 0.18889)
5. | Impact test exempt per UHA-51(g)(coincident ratio = 0.15639)
Flange rating governs:
6. | Flange rated MDMT = -320 °F Per UHA-51(d)(1)(a)
Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F
7. | Impact test exempt per UHA-51(g)(coincident ratio = 0.15951)
8. | Impact test exempt per UHA-51(g)(coincident ratio = 0.14841)
9. | Impact test exempt per UHA-51(g)(coincident ratio = 0.17218)
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Design notes are available on the Settings Summary page.
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Nominal t:
Design t:
Joint E:

*

Load
internal:
external:
Wind:

Seismic:

DR 1064 / 2064

Thickness Summary

Component Material Diar-neter Leflgth Nominal t | Design t | Total Corrosion | Joint Load
Identifier (in) (in) (in) (in) (in) E
TOP HEAD SA-240 304L | 47.9921 1D | 12.4665 0.4685* 0.1893 0.063 1.00 ] External
Straight Flange on TOP HEAD | SA-240 304L | 47.99211D | 1.9685 0.5512 0.317 0.063 1.00 | External
SHELL SA-240 304L | 47.9921 ID | 140.0787 | 0.5512 0.317 0.063 0.85 | External
Straight Flange on BTM HEAD | SA-240 304L | 47.9921 ID 1.9685 0.5512 0317 0.063 1.00 | External
BTM HEAD SA-240 304L | 47.9921 1D | 12.4665 0.4685%* 0.1893 0.063 1.00 | External
UPPER SKIRT SA-240 304L | 48.5039 OD | 34.4173 0.3937 0.1288 0.063 0.55 | Wind
LOWER SKIRT SA-51670 |48.5039 OD [ 124.6063 | 0.3937 0.1184 0.063 0.70 | Wind

Vessel wall nominal thickness

Required vessel thickness due to governing loading + corrosion

Longitudinal seam joint efficiency

Head minimum thickness after forming

Circumferential stress due to internal pressure governs

External pressure governs

Combined longitudinal stress of pressure + weight + wind governs

Combined longitudinal stress of pressure + weight + seismic governs
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Nozzle Schedule
Materials
1\::::]1: Service Size Fine Fine
Nozzle Impact | Norm Grain Pad Impact | Norm Grain Flange
o | e e e e | e [ e e | e A
AO 14" | 1290mx0.55 | SA-240304L No | No | omo SR No | No | Ne WNC‘TJSSSQIESML
BB 24" | 24.00Dx1.13 | sa-182r304L <=5 | No | No | No Na | ova e | ova | A
BII 112" | 1.61Dx0.47 | sa-182F304L<=5 | No | No | Mo 7S IR\ RNV BNV I K o
BJ 18 | 1690 mx05s|  sA-240304L No | No | omo [SEEO] No | No | oo | WRAIE BRSO
BS 2 | 2.07mx050 | sa-182m304L <=5 | No | No | o NAa | ova P va ] na Fangci:lﬁ %
I I R N R
ﬁg’;ﬁg LA, 2 | 207mx062 | sa-182F304L <=5 | No | No | o Nna | wa | va ] na Fsmj\éﬁ if% 0
LT2A. LT IATB, 2 | 207mx062 | sa-1s2m304L <=5 | No | No | o S 7S N7 R NVR I
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Hydrostatic Test

Shop test pressure determination for Chamber bounded by BTM HEAD and TOP HEAD based on design P per UG-99(b)
Shop hydrostatic test gauge pressure is 65 psi at 68 °F (the chamber design P = 50 psi)

The shop test is performed with the vessel in the horizontal position.

Local test | Test liquid | UG-99 | UG-99 Stress Allowable

Identifier pressure | static head | stress | pressure | during test | test stress Stre§s S

psi psi ratio factor psi psi excessive:
TOP HEAD (1) 67.041 2.041 1 1.30 3,090 22,500 No
Straight Flange on TOP HEAD 67.041 2.041 1 1.30 2,952 22,500 No
SHELL 67.041 2.041 1 1.30 2,952 22,500 No
Straight Flange on BTM HEAD 67.041 2.041 1 1.30 2,952 22,500 No
BTM HEAD 67.041 2.041 1 1.30 3,090 22,500 No
112" (BH) 66.964 1.964 1 1.30 3,088 33,750 No
14" (AO) 66.525 1.525 1 1.30 3,553 33,750 No
18" (BJ) 67.51 2.51 1 1.30 3,473 33,750 No
2" (BS) 67.368 2.368 1 1.30 3,237 33,750 No
2" (LBI1A/B, LT3A/B, LT5A/B, LT7A/B) 67.207 2.207 1 1.30 2,991 33,750 No
2" (LT2A/B, LT4A/B, LT6A/B) 65.907 0.907 1 1.30 2,933 33,750 No
24" (BB) 65.854 0.854 1 1.30 6,330 33,750 No
4" (AM) 66.11 1.11 1 1.30 2,198 33,750 No
4" (CW) 66.244 1.244 1 1.30 2,112 33,750 No

Notes:
(1) TOP HEAD limits the UG-99 stress ratio.
(2) Py stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.

(3) 1.5%0.9*S, used as the basis for the maximum local primary membrane stress at the nozzle intersection Py .
(4) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange.
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Field test pressure determination for Chamber bounded by BTM HEAD and TOP HEAD based on design P per UG-99(b)
Field hydrostatic test gauge pressure is 65 psi at 68 °F (the chamber design P = 50 psi)

The field test is performed with the vessel in the vertical position.

Local test | Test liquid | UG-99 | UG-99 Stress Allowable

Identifier pressure | static head | stress | pressure | during test | test stress Stre'ss S

psi psi ratio factor psi psi excessive:
TOP HEAD (1) 66.154 1.154 1 1.30 3,049 22,500 No
Straight Flange on TOP HEAD 66.154 1.154 1 1.30 2,913 22,500 No
SHELL 71.21 6.21 1 1.30 3,136 22,500 No
Straight Flange on BTM HEAD 71.282 6.282 1 1.30 3,139 22,500 No
BTM HEAD 71.715 6.715 1 1.30 3,306 22,500 No
11/2" (BH) 68.784 3.784 1 1.30 3,172 33,750 No
14" (AO) 65.645 0.645 1 1.30 3,506 33,750 No
18" (BJ) 68.626 3.626 1 1.30 3,530 33,750 No
2" (BS) 71.103 6.103 1 1.30 3,416 33,750 No
2" (LBIA/B, LT3A/B, LT5A/B, LT7A/B) 68.07 3.07 1 1.30 3,029 33,750 No
2" (LT2A/B, LT4A/B, LT6A/B) 71.103 6.103 1 1.30 3,164 33,750 No
24" (BB) 70.632 5.632 1 1.30 6,789 33,750 No
4" (AM) 65.679 0.679 1 1.30 2,183 33,750 No
4" (CW) 72.364 7.364 1 1.30 2,308 33,750 No

Notes:

(1) TOP HEAD limits the UG-99 stress ratio.

(2) Py, stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.
(3) 1.5%0.9*Sy used as the basis for the maximum local primary membrane stress at the nozzle intersection P..
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Corroded Hydrostatic Test

The shop test condition has not been investigated for the Chamber bounded by BTM HEAD and TOP HEAD.

Field test pressure determination for Chamber bounded by BTM HEAD and TOP HEAD based on design P per UG-99(b)
Field hydrostatic test gauge pressure is 65 psi at 68 °F (the chamber design P = 50 psi)

The field test is performed with the vessel in the vertical position.

Local test | Test liquid | UG-99 | UG-99 Stress Allowable

Identifier pressure | static head | stress | pressure | during test | test stress Strgss 0

psi psi ratio factor psi psi excessive:
TOP HEAD (1) 66.154 1.154 1 1.30 3,533 22,500 No
Straight Flange on TOP HEAD 66.154 1.154 1 1.30 3,293 22,500 No
SHELL 71.21 6.21 1 1.30 3,545 22,500 No
Straight Flange on BTM HEAD 71.282 6.282 1 1.30 3,548 22,500 No
BTM HEAD 71.717 6.717 1 1.30 3,830 22,500 No
112" (BH) 68.786 3.786 1 1.30 3,625 33,750 No
14" (AO) 65.645 0.645 1 1.30 3,831 33,750 No
18" (BI) 68.629 3.629 1 1.30 4,055 33,750 No
2" (BS) 71.105 6.105 1 1.30 3,922 33,750 No
2" (LBIA/B, LT3A/B, LTSA/B, LT7A/B) 68.072 3.072 1 1.30 3,420 33,750 No
2" (LT2A/B, LT4A/B, LT6A/B) 71.105 6.105 1 1.30 3,573 33,750 No
24" (BB) 70.634 5.634 1 1.30 7,613 33,750 No
4" (AM) 65.679 0.679 1 1.30 2,326 33,750 No
4" (CW) 72.364 7.364 1 1.30 2,437 33,750 No

Notes:
(1) TOP HEAD limits the UG-99 stress ratio.
(2) Py, stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.

(3) 1.5%0.9*S,, used as the basis for the maximum local primary membrane stress at the nozzle intersection Py .
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Weight Summary

Weight ( 1b) Contributed by Vessel Elements
Component | petal Metal , Insulation & Lining Pil.ling 0p€rat.ing il'es?

New* | Corroded™] Supports + Liquid | Liquid Liquid
TOP HEAD 394.2 3433 0 0 0 0 718.1
SHELI 3,282.7 2,911.4 0 0 0 5,327.9] 9,330.5
BTM HEAD 4152 361.4 0 0 0 672 656.9
UPPER SKIRT 593.9 498.2 0 0 0 0 0
LOWER SKIRT | 2,098.3 1,760.2 0 0 0 0 0
BASE BLOCK 345 345 0 0 0 0 0
TOTAL: 7,129.3 6,219.5 0 0 o 5.999.9]10,705.5

* Shells with attached nozzles have weight reduced by material cut out for opening.

Weight (Ib) Contributed by Attachments

Nozzles &
Component Body Flanges Flanges Packed | Ladders & | Trays & | Rings & | Vertical
Beds | Platforms | Supports| Clips Loads
New | Corroded] New | Corroded

TOP HEAD 0 ol 2759 260.6 0 2,648.2 ofo 0
SHELL 0 0]1.455.4 1,423.8 154.4 960 ofo 4,409.2
BTM HEAD 0 0 40.3 36.9 0 4,067.4 ofo 0
UPPER SKIRT 0 0 0 0 0 0 ofo 0
LOWER SKIRT 0 0 0 0 0 0 ofo 0
TOTAL: 0 0] 1,771.6 1,721.3] 154.4 7,675.7 ofo 4,409.2

Vessel operating weight, Corroded: 26,180 lb
Vessel operating weight, New: 27,106 1b
Vessel empty weight, Corroded: 20,180 Ib
Vessel empty weight, New: 21,140 1b
Vessel test weight, New: 31,846 Ib

Vessel center of gravity location - from datum - lift condition

Vessel Lift Weight, New: 21,140 Ib
Center of Gravity: 34.9864"

Vessel Capacity

Vessel Capacity** (New): 1,253 US gal
Vessel Capacity** (Corroded): 1,260 US gal

**The vessel capacity does not include volume of nozzle, piping or other attachments.




ITEM NO. DR 1064 / 2064

Wind Code
Building Code: ASCE 7-05
Elevation of base above grade: 0.9843 ft
Increase effective outer diameter by: 3.4121 ft
Wind Force Coefficient Cf: 0.8000
Basic Wind Speed:, V: 100.0408 mph
Importance Factor:, I: 1.1500
Exposure category: C
Wind Directionality Factor, Kd: 0.9500
Top Deflection Limit: 6 in. per 100 ft.
Topographic Factor, Kzt: 1.0000
Enforce min. loading of 10 psf: Yes

Vessel Characteristics
Vessel height, h: 26.5408 ft
Vessel Minimum Diameter, b
Operating, Corroded: 4.0912 ft
Empty, Corroded: 4.0912 ft
hydrotest, New, field: 4.0912 ft
Fundamental Frequency, n;
Operating, Corroded: 6.9116 Hz
Empty, Corroded: 7.6650 Hz
hydrotest, New, field: 6.3385 Hz
Vacuum, Corroded: 6.9213 Hz
Damping coefficient,
Operating, Corroded: 0.0246
Empty, Corroded: 0.0200
hydrotest, New, field: 0.0200
Vacuum, Corroded: 0.0249

Table Lookup Values

2.4.1 Basic Load Combinations for Allowable Stress Design
The following load combinations are considered in accordance with ASCE section 2.4.1:

5. D+P+P+W
7. 0.6D+P + P+ W

Where

D = Dead load

P = Internal or external pressure load
Py = Static head load

w = Wind load

Wind Deflection Reports:

Operating, Corroded
Empty, Corroded
Vacuum, Corroded
hydrotest, New, ficld

Wind Pressure Calculations

Wind Deflection Report: Operating, Corroded

3 Elevation of Effective OD | Elastic modulus | Inertia 'Platform Total wind bending Deflection

Component bottom above (f6) E (106 psi 1 (fed wind shear at shear at moment at at top (in)
base (in) (10° psi) @) 1 Bottom (1bf) | Bottom (1bf) | Bottom (Ibf-ft) P

TOP HEAD 304.0551 7.50 273 * 1,180 1,340 1,679 0.0806

SHELL 163.9764 7.50 2731 1.062 1,180 2,969 28,911 0.0756

BTM HEAD (top) 159.0236 7.50 273 * 1,180 3,022 43,261 0.0286
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UPPER SKIRT 124.6063 7.45 27.3] 0.6947 1,180 3,386 52,449 0.0271
LOWER SKIRT 0 7.45 29.4] 0.6947 1,180 4,703 94,442 0.0174
*Moment of Inertia I varies over the length of the component
Wind Deflection Report: Empty, Corroded
Elevation of § g ive OD | Elastic modulus | Inertia |  Platform Total wind bending Deflection
Component bottom above (f6) E (106 psi I (et wind shear at shear at moment at at top (in)
base (in) (106 psi) ) 1 Bottom (1bf) | Bottom (1bf) | Bottom (Ibf-ft) P
TOP HEAD 304.0551 7.50 283 * 1,180 1,340 1,679 0.0801
SHELL 163.9764 7.50 283 1.062 1,180 2,969 28,911 0.0751
BTM HEAD (top) 159.0236 7.50 283 * 1,180 3,022 43,261 0.0286
UPPER SKIRT 124.6063 7.45 28.3 ] 0.6947 1,180 3,386 52,449 0.0271
LOWER SKIRT 0 7.45 29.41 0.6947 1,180 4,703 94,442 0.0174
*Moment of Inertia I varies over the length of the component
‘Wind Deflection Report: Vacuum, Corroded
Elevation of Effective OD | Elastic modulus | Inertia 'Platform Total wind bending Deflection
Component bottom above (f0) E (106 psi T (fed wind shear at shear at moment at at top (in)
base (in) (106 psi) ) 1 Bottom (bf) | Bottom (1bf) | Bottom (Ibf-ft) P
TOP HEAD 304.0551 7.50 28.0 * 1,180 1,340 1,679 0.0802
SHELL 163.9764 7.50 28.0 1.062 1,180 2,969 28911 0.0752
BTM HEAD (top) 159.0236 7.50 28.0 * 1,180 3,022 43,261 0.0286
UPPER SKIRT 124.6063 7.45 28.0 ] 0.6947 1,180 3,386 52,449 0.0271
LOWER SKIRT 0 7.45 29.4 ] 0.6947 1,180 4,703 94,442 0.0174
*Moment of Inertia I varies over the length of the component
‘Wind Deflection Report: hydrotest, New, field
Elevation of | o e tive OD | Elastic modulus | Inertia | Platform ] Total wind | = bending |, g 0
Component bottom above (ft) E (106 psi I (£t wind shear at shear at moment at at top (in)
base (in) (10° psi) () 1 Bottom (ibf) | Bottom (1bf) | Bottom (Ibf-ft) P
TOP HEAD 304.0551 7.50 283 * 389 470 620 0.0377
SHELL 163.9764 7.50 283 1.194 389 1,346 13,315 0.0353
BTM HEAD (top) 159.0236 7.50 283 * 389 1,377 26,846 0.0134
UPPER SKIRT 124.6063 7.45 28.3 ] 0.8303 389 1,591 31,102 0.0127
LOWER SKIRT 0 7.45 29.4] 0.8303 389 2,365 51,640 0.0081

*Moment of Inertia I varies over the length of the component

Wind Pressure (WP) Calculations

Gust Factor (G™) Calculations

Kz =201 * (2/2g)2/>
=2.01 * (2/900.0000)0-2105
qz =0.00256 * Kz * Kzt * Kd * V2 * I psf
=0.00256 * Kz * 1.0000 * 0.9500 * 100.04082 * 1.1500
=27.9908 * Kz
WP =qz * G * Cf (Minimum 10 Ib/ft2)
=qz * G * 0.8000 (Minimum 10 Ib/ft2)

Design Wind Pressures
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Height Z Kz qz | WP: Operating | WP: Empty | WP: hydrotest | WP: Vacuum
(') (psf) (psf) (psf) (psf) (psf)
15.0 0.8489 ] 23.76 17.04 17.04 10.00 17.04
20.0 0.9019 | 25.24 18.10 18.10 10.00 18.10
25.0 ]0.9453]26.46 18.97 18.97 10.00 18.97
30.0 0.9823 | 27.49 19.72 19.72 10.00 19.72

Design Wind Force determined from: F = Pressure * Af, where Af is the projected area.

Gust Factor Calculations

Operating, Corroded
Empty, Corroded
Vacuum, Corroded
hydrotest, New, field

Gust Factor Calculations: Operating, Corroded
Vessel is considered a rigid structure as ny = 6.9116 Hz i 4 Hz.

7z =0.60*h
=0.60 * 26.5408
=15.9245

I;= =c*(33/2)l/6
=0.2000 * (33 / 15.9245)1/6
=0.2258

L, =1%(z /33)p
=1500.0000 * (15.9245 / 33)0.2000
=432.1957

Q =Sqr(1/(1+0.63 * ((b+h)/L,)063))
=8qr(1/(1+0.63 * ((4.0912 +26.5408) / 432.1957)0-63))
=0.9454

G =0925*(1+1.7*go* 1, *Q)/(1+1.7* g *1,7)
=0.925* (1 + 1.7 * 3.40% 0.2258 * 0.9454) / (1 + 1.7 * 3.40 * 0.2258)
=0.8964

Gust Factor Calculations: Empty, Corroded
Vessel is considered a rigid structure as nj = 7.6650 Hz i il Hz.

Z =060*h
=0.60 * 26.5408
=15.9245
I =c*(33/2)l/6
=0.2000 * (33 /15.9245)1/6
=0.2258
L, =1%(z /33)
=500.0000 * (15.9245 / 33)0-2000
=432.1957
Q =Sqr(1/(1+0.63* ((b+h)/L,)063))
=8qr(1 /(1 +0.63 * ((4.0912 + 26.5408) / 432.1957)0-63))
=0.9454
G =0925*(1+1.7*go*1,-*Q)/(1+1.7% g *1,)
=0.925* (1 + 1.7 * 3.40% 0.2258 * 0.9454) / (1 + 1.7 * 3.40 * 0.2258)
=0.8964

Gust Factor Calculations: Vacuum, Corroded
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Vessel is considered a rigid structure as nj = 6.9213 Hzi il Hz.

Z =060*h
=0.60 * 26.5408
=15.9245
;= =c*(33/2)l6
=0.2000 * (33 / 15.9245)1/6
=0.2258
Ly =1%(z /33)p
=500.0000 * (15.9245 / 33)0.2000
=432.1957
Q =Sqr(1/(1+0.63 * ((b+h)/L,)063))
=Sqr(1 /(1 +0.63 * ((4.0912 +26.5408) / 432.1957)0-63))
=0.9454
G =0925*(1+1.7%go* I, *Q /(1 +1.7* g * 1)
=0.925 * (1 + 1.7 * 3.40* 0.2258 * 0.9454) / (1 + 1.7 * 3.40 * 0.2258)
=0.8964

Gust Factor Calculations: hydrotest, New, field
Vessel is considered a rigid structure as nj = 6.3385 Hzi il Hz.

7z =0.60*h
=0.60 * 26.5408
=15.9245
I,7 =c*(33/2)1/6
=0.2000 * (33 /15.9245)1/6
=0.2258
Ly =1% (2 /33)p
=500.0000 * (15.9245 / 33)0.2000
=432.1957
Q =Sqr(1/(1+0.63* ((b+h)/L,)0:63))
=Sqr(1 /(1 +0.63 * ((4.0912 + 26.5408) / 432.1957)0-63))
=0.9454
G =0925*(1+1.7*go*1,-*Q)/(1+1.7% g, *1,)
=0.925 * (1 + 1.7 * 3.40% 0.2258 * 0.9454) / (1 + 1.7 * 3.40 * 0.2258)
=0.8964

Table Lookup Values

o =9.5000, Zg = 900.0000 ' | Table 6-2, page 78]
¢=0.2000, I = 500.0000, ep = 0.2000 [Table 6-2, page 78]
a =0.1538,b =0.6500 | Table 6-2, page 78]
gQ =340 [6.5.8.1 page 26]

gy =3.40 [6.5.8.1 page 26]
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Seismic Code

Method of seismic analysis: ASCE 7-05 ground supported
Site Class C
Importance Factor: 1=1.2500

Spectral Response Acceleration at short period (% g) ~ Ss=16.30%
Spectral Response Acceleration at period of 1 sec (% g) S1=9.90%
Response Modification Coeficient from Table 15.4-2 R =3.0000

Acceleration based site co-efficient: F,=1.2000
Velocity based site co-efficient: Fy =1.7000
Long-period transition period: Ty, =12.0000
Redundancy factor: p=1.0000
User Defined Vertical Accelerations Considered: Yes

Force Multiplier: =0.3333
Minimum Weight Multiplier: =0.2000

12.4.2.3 Basic Load Combinations for Allowable Stress Design
The following load combinations are considered in accordance with ASCE section 2.4.1:

5. D+P+P+0TE  =(1.0+VpepD + P+ Py+0.7p05
8. 06D+P+Pg+0.7E=(0.6-Vypeo)D + P+ Py+0.7p0F

Where

D = Dead load

P = Internal or external pressure load
Py = Static head load

E = Seismic load =pOfr

V4ccel = User defined vertical acceleration

Vessel Characteristics
Vessel height: 26.5408 ft
Vessel Weight:
Operating, Corroded: 26,180 Ib
Empty, Corroded: 20,180 Ib
Vacuum, Corroded: 26,180 Ib

Period of Vibration Calculation

Fundamental Period, T:
Operating, Corroded: 0.145 sec (f= 6.9 Hz)
Empty, Corroded: 0.130 sec (f=7.7 Hz)
Vacuum, Corroded: 0.144 sec (f=6.9 Hz)

The fundamental period of vibration T (above) is calculated using the Rayleigh method of approximation:
T=2*PI* Sqr( {Sum(W; * y;2)} / {g * Sum(W; * y;)} ), where

W is the weight of the ith lumped mass, and
yj is its deflection when the system is treated as a cantilever beam.

Seismic Shear Reports:

Operating, Corroded
Empty, Corroded
Vacuum, Corroded

Base Shear Calculations

Seismic Shear Report: Operating, Corroded
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Component Elevation of bolttom Elastic mod.ulus E | Inertia I | Seismic shear at | Bending M r t at
above base (in) (106 psi) (ft4) Bottom (1bf) Bottom (Ibf-ft)
TOP HEAD 304.0551 27.3 * 198 295
SHELL 163.9764 273 1.0618 804 7,188
BTM HEAD (top) 159.0236 273 * 935 20,448
UPPER SKIRT 124.6063 27.3 0.8303 975 23,150
LOWER SKIRT 0 29.4 0.8303 996 33,380
*Moment of Inertia I varies over the length of the component
Seismic Shear Report: Empty, Corroded
Component Elevation of hqttom Elastic mod'ulus E | Inertia I | Seismic shear at | Bending M t at
above base (in) (106 psi) (ft4) Bottom (lbf) Bottom (Ibf-ft)
TOP HEAD 304.0551 28.3 * 198 295
SHELL 163.9764 28.3 1.0618 597 6,469
BTM HEAD (top) 159.0236 283 * 718 19,641
UPPER SKIRT 124.6063 283 0.8303 747 21,692
LOWER SKIRT 0 29.4 0.8303 768 29,552
*Moment of Inertia I varies over the length of the component
Seismic Shear Report: Vacuum, Corroded
Component Elevation of bolttum Elastic mod.ulus E | Inertia I | Seismic shear at | Bending M t at
above base (in) (106 psi) (ft4) Bottom (1bf) Bottom (Ibf-ft)
TOP HEAD 304.0551 28.0 * 198 295
SHELL 163.9764 28.0 1.0618 804 7,188
BTM HEAD (top) 159.0236 28.0 * 935 20,448
UPPER SKIRT 124.6063 28.0 0.8303 975 23,150
LOWER SKIRT 0 29.4 0.8303 996 33,380

*Moment of Inertia [ varies over the length of the component

11.4.3: Maximum considered earthquake spectral response acceleration

The maximum considered earthquake spectral response acceleration at short period, Sy
Spms =Fa* Sg=1.2000 * 16.30 / 100 = 0.1956

The maximum considered earthquake spectral response acceleration at 1 s period, Sy,

Sy =Fy * S| =1.7000 * 9.90 / 100 = 0.1683

11.4.4: Design spectral resp

Design earthquake spectral response acceleration at short period, Spg

ation par t

Sps=2/3*Sys =2/3%0.1956 =0.1304
Design earthquake spectral response acceleration at 1 s period, Sp;

Spr=2/3%Sy; =2/3%0.1683 =0.1122

User Defined Vertical Acceleration Term, VA ccel

Factor is applied to dead load.

Compressive Side: = 1.0 + Vaccel

Tensile Side:

=0.6 - Vaceel

S

Vaccel Term is:

greater of (Force Mult * Base Shear / Weight) or (Min. Weight Mult.)

Force multiplier = 0.3333

Minimum Weight Multiplier = 0.2000
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Force Mult * Shear
Condition Base Shear ( 1bf) | Weight (1b) VAccel
Weight
Operating, Corroded 996 26,180 0.0127 0.2
Operating, New 1,031 27,106 0.0127 0.2
Empty, Corroded 768 20,180.1 0.0127 0.2
Empty, New 804 21,140.2 0.0127 0.2
Vacuum, Corroded 996 26,180 0.0127 0.2

Base Shear Calculations

Operating, Corroded
Empty, Corroded
Vacuum, Corroded

Base Shear Calculations: Operating, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.1447 sec.

12.8.1: Calculation of Seismic Response Coefficient

Cy is the value computed below, bounded by CsMin and CiMax:
CgMin is 0.03; in addition, if S| >= 0.6g, C;Min shall not be less than eqn 15.4-2.
CgMax calculated with 12.8-3 because (T = 0.1447) <= (Ty, = 12.0000)

Cs =Sps/ (R/T) =0.1304 / (3.0000 / 1.2500) = 0.0543

CMin =0.03

CeMax =Sp; /(T * (R /1)) =0.1122 / (0.1447 * (3.0000 / 1.2500)) = 0.3231
Cs = 0.0543

12.8.1: Calculation of Base Shear

vV=Cg*W
=0.0543 * 26179.9922
=1,422451b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, Ey,
Qp=V
Ep =0.7* p * Qg (Only 70% of seismic load considered as per Section 2.4.1)

=0.70 * 1.0000 * 1,422.45
=995.71 Ib

Base Shear Calculations: Empty, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.1305 sec.

12.8.1: Calculation of Seismic Response Coefficient

Cy is the value computed below, bounded by CsMin and CgMax:
CsMin is 0.03; in addition, if S| >= 0.6g, CsMin shall not be less than eqn 15.4-2.
CgMax calculated with 12.8-3 because (T = 0.1305) <= (T, = 12.0000)

Cs =Spg/(R/1)=0.1304/(3.0000 / 1.2500) = 0.0543
CgMin =0.03
CsMax =Sp; /(T *(R/1)) =0.1122/(0.1305 * (3.0000 / 1.2500)) = 0.3583
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Cs =0.0543

12.8.1: Calculation of Base Shear

V=Cg*W
=0.0543 * 20180.1094
=1,096.45 b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, Ef,
Qrp=V
Ep =0.7* p * Q (Only 70% of seismic load considered as per Section 2.4.1)

=0.70 * 1.0000 * 1,096.45
=767.521b

Base Shear Calculations: Vacuum, Corroded

Paragraph 15.4.4: Period Determination

Fundamental Period is taken from the Rayleigh method listed previously in this report.
T =0.1445 sec.

12.8.1: Calculation of Seismic Response Coefficient

Cy is the value computed below, bounded by CsMin and CsMax:

C¢Min is 0.03; in addition, if S >= 0.6g, CsMin shall not be less than eqn 15.4-2.
CgMax calculated with 12.8-3 because (T = 0.1445) <= (T, = 12.0000)

Cs =Spg/(R/T)=0.1304/(3.0000 / 1.2500) = 0.0543

CeMin =0.03

CsMax =Sp; /(T *(R/1)) =0.1122 /(0.1445 * (3.0000 / 1.2500)) = 0.3236

Cg =0.0543

12.8.1: Calculation of Base Shear

V=Cg*W

=0.0543 * 26179.9922
=1,422451b

12.4.2.1 Seismic Load Combinations: Horizontal Seismic Load Effect, Ey,
Qe =V
Ep =0.7 * p * Qg (Only 70% of seismic load considered as per Section 2.4.1)
=0.70 * 1.0000 * 1,422.45
=995.71 Ib
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TOP HEAD
ASME Section VIII, Division 1, 2007 Edition, A09 Addenda
Component: Ellipsoidal Head
Material Specification: SA-240 304L (11-D p.82, In. 38)

Material Impact test exempt per UHA-51(g)(coincident ratio = 0.17707)

Internal design pressure: P = 50 psi @ 250 °F
External design pressure: Pe = 15 psi @ 115 °F

Static liquid head:
Ps=0 psi (SG=1.015, Hg=0" Operating head)

Pih=2.0407 psi (SG=1, Hg=56.5341" Horizontal test head)
Pyy=1.0829 psi (SG=1, Hg=30" Vertical test head)

Corrosion allowance: Inner C = 0.063" Outer C=0"
Design MDMT = 10°F No impact test performed
Rated MDMT = -320°F Material is not normalized
Material is not produced to fine grain practice
PWHT is not performed

Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - Full UW-11(a) Type 1

Head to shell seam - Spot UW-11(a)(5)(b) Type 1
Estimated weight*: new =394.2 Ib corr =343.3 1b
Capacity*: new = 78.1 US gal corr = 78.8 US gal

* includes straight flange

Inner diameter = 47.9921"
Minimum head thickness = 0.4685"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 1.9948 (corroded)
Straight flange length L¢p = 1.9685"

Nominal straight flange thickness tgy = 0.5512"

Results Summary

The governing condition is external pressure.

Minimum thickness per UG-16 = 0.0625" +0.063" = 0.1255"
Design thickness due to internal pressure (t) = 0.1349"

Design thickness due to external pressure (te) = 0.1893"

Maximum allowable external pressure (MAEP) = 82.33 psi

K (Corroded)
K = (1/6)*[2 + (D / (2*h))?]

= (1/6)*[2 + (48.1181 / (2%12.061))2]
= 0.996522
K (New)
K = (1/6)*[2 + (D / (2*h))2]
= (1/6)*[2 + (47.9921 / (2%11.998))2]
1

Design thickness for internal pressure, (Corroded at 250 °F) Appendix 1-4(c)

t = P*D*K / (2*S*E - 0.2*P) + Corrosion
= 50*48.1181*0.996522 / (2*16,700*1 - 0.2*50) + 0.063
= 0.1348"

The head internal pressure design thickness is 0.1349".
Design thickness for external pressure, (Corroded at 115 °F) UG-33(d)
Equivalent outside spherical radius (R,)

R, = Kg*D,
= 0.8831%48.9291
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= 43.2088 in

A = 0I25/(Ry/1)
0.125 /(43.2088 / 0.126208)
0.000365

From Table HA-3:B = 5,135.418 psi

P, B/(Ry/1)
5,135.418 /(432088 /0.1262)

15 psi

-
Il

0.1262" + Corrosion = 0.1262" + 0.063" = 0.1892"
Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t = 1.67*P*D*K / (2*S*E - 0.2%1.67*P,) + Corrosion

1.67*15%48.1181*0.996522 / (2¥16,700*1 - 0.2*¥1.67*15) + 0.063
0.099"

The head external pressure design thickness (t¢) is 0.1892".

Maximum Allowable External Pressure, (Corroded at 115 °F) UG-33(d)

Equivalent outside spherical radius (R,)
R, = K *D,

0.8831*48.9291
43.2088 in

>
|

0125/ (Ry /1)
0.125 / (43.2088 / 0.405504)
0.001173

From Table HA-3:B = 8,772.8906 psi

Py

B/(Ry/t)
8,772.891 /(43.2088 / 0.4055)
82.3315 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)

P

2¥S*E*t / (K*D + 0.2*1)*1.67) - Py
2#16,700*1%0.4055 / ((0.996522*48.1181 +0.2#0.4055)*1.67) - 0
= 168.85 psi

The maximum allowable external pressure (MAEP) is 82.33 psi.

% Forming strain - UHA-44(a)(2)(b)

EFE (75%t/ Rp*(1 - Rp/ Ry)

= (75%0.5512/8.4343)*(1 - 8.4343 / Y<©)
4.9013%
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SHELL
ASME Section VIII Division 1, 2007 Edition, A09 Addenda

Component: Cylinder
Material specification: SA-240 304L (II-D p. 82, In. 38)
Impact test exempt per UHA-51(g)(coincident ratio = 0.15623)

Internal design pressure: P =50 psi @ 250 °F
External design pressure: Pe = 15 psi @ 115 °F

Static liquid head:

Ps = 282psi (SG=1.015, Hg=77.0315",Operating head)
P 2.04 psi (SG =1, Hg=56.5341", Horizontal test head)
Pyy = 6.21psi (SG =1, Hg=172.0472", Vertical test head)

Corrosion allowance Inner C =0.063" Outer C=0"

Design MDMT = 10 °F No impact test performed

Rated MDMT = -320 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Spot UW-11(b) Type 1
Top circumferential joint - Spot UW-11(a)(5)b Type 1
Bottom circumferential joint - Spot UW-11(a)(5)b Type 1

Estimated weight New = 3,282.7 Ib corr=2,911.41b
Capacity New = 1,096.96 US gal corr = 1,102.73 US gal

ID
Length L¢
t

47.9921"
140.0787"
0.5512"

Design thickness, (at 250 °F) UG-27(c)(1)

t = P*R/(S*E - 0.60*P) + Corrosion
52.82%24.0591 / (16,700*0.85 - 0.60*52.82) + 0.063
0.1528"

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/Dy = 152.0564/49.0945 = 3.0972
Do/t = 49.0945/0.254 = 193.3211
From table G: A = 0.000154
From table HA-3: B = 2,174.8667 psi
P, = 4*B/(3*D,y /1)
= 4%2,174.87/(3%(49.0945 / 0.254))
= 15psi

Design thickness for external pressure P, = 15 psi

ta = t+ Corrosion = 0.254+0.063 = 0.317"

Maximum Allowable External Pressure, (Corroded & at 115 °F) UG-28(c)
L/Dy = 152.0564/49.0945 = 3.0972

Do/t = 49.0945/0.4882 = 100.5661

From table G: A = 0.000399
From table HA-3: B = 5,583.8892 psi

Py

4*B / (3*(D,y / 1)
= 4%5583.80/(3%(49.0945 / 0.4882))
= 74.03 psi
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% Forming strain - UHA-44(a)(2)(a)

EFE = (501 /Rey*(1 - R¢/ Ry)

= (50%0.5512/24.2717)*(1 - 24.2717/ Y©)

1.1354%

External Pressure + Weight + Wind Loading Check (Bergman, ASME paper 54-A-104)

Py = W/ (Q*1*Rpp) + M/ (n*R,2)

= 12,4603 / (2*1*24.3032) + 346,930 / (1+24.30322)

= 268.5665 Ib/in
o= P\'/(Pe*Do)

= 268.5665 / (15%49.0945)

=0.3647
n=3
m = 123/(L/D,)?

= 1.23/(152.0564 / 49.0945)2

=0.1282

Ratio Pe = (n2- 1+ m+m*a) /(n2 - 1 +m)
=(32-1+0.1282 +0.1282%0.3647) / (32 - 1 +0.1282)

= 1.0058

Ratio P, * P, i AMAEP design cylinder thickness is satisfactory.

External Pressure + Weight + Seismic Loading Check (Bergman, ASME paper 54-A-104)

Py = (1 + VAccel)*W / (2*1*Ryy) + M / (T*R,2)

= 1.20%12,460.3 / (2*1*24.3032) + 86,256 / (1*24.30322)

= 144.4038 Ib/in
a=Py /(Pe*[)o)

= 144.4038 / (15*%49.0945)

=0.1961
n=3
m = 123/(L/Dy)?

= 1.23/(152.0564 / 49.0945)2

=0.1282

Ratio Pe = (n2- 1 + m + m*a) / (n2 - 1 + m)

=(32-1+0.1282+0.1282*0.1961) / (32 - 1 +0.1282)

=1.0031

Ratio P. * Po i AMAEP design cylinder thickness is satisfactory.

Design thickness = 0.317"

The governing condition is due to external pressure.

The cylinder thickness of 0.5512" is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress Before UG-

. Pressure P 23 Stress Increase ( psi) Temperature | Corrosion C Req'd Thk Due Req'd Thk Due to
Condition . . Load L P
( psi) (°F) (in) to Tension (in) Compression (in)
S S,
Wind 0.0434 0.0195
Operating, Hot & Corroded 50 16,700 8,221 250 0.063
Seismic 0.0361 0.0268
Wind 0.0432 0.0192
Operating, [ot & New 50 16,700 8,402 250 0
Seismic 0.036 0.0264
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Wind 0.0081 0.0272

Hot Shut Down, Corroded 0 16,700 8,221 250 0.063
Seismic 0.0008 0.0146
Wind 0.008 0.027

Hot Shut Down, New 0 16,700 8,402 250 0
Seismic 0.0008 0.0149
Wind 0.0081 0.0213

Empty, Corroded 0 16,700 10,519 68 0.063
Seismic 0.0005 0.011
Wind 0.008 0.0211

Empty, New 0 16,700 10,760 68 0
Seismic 0.0006 0.0112
Wind 0.0034 0.0365

Vacuum -15 16,700 10,263 115 0.063
Seismic 0.0135 0.0264

Hot Shut Down, Corroded,
Weight & Eccentric Moments 0 16,700 8,221 250 0.063 | Weight 0.0082 0.0117
Only

Allowable Compressive Stress, Hot and Corroded- S.fyc, (table HA-3)

A = 0.125/(Ry/t)
= 0.125/(24.547270.4882)
= 0.002486
B = 8221 psi
S = 16,700/ 1.00 = 16,700 psi
ScHC = min(B, S)= 28,221 psi

Allowable Compressive Stress, Hot and New- S.yn;, (table HA-3)

A = 0.125/(Ro/t)
= 0.125/(24.5472/0.5512)
= 0.002807
B = 8,402 psi
S = 16,700/1.00 = 16,700 psi
SchN = min(B, S) = 8,402 psi

Allowable Compressive Stress, Cold and New- S_c;, (table HA-3)

A = 0.125/(Rqy /1)
= 0.125/(24.5472/0.5512)
= 0.002807

B = 10,760 psi

S 16,700 / 1.00 = 16,700 psi

min(B, S) = 10,760 psi

SceN

Allowable Compressive Stress, Cold and Corroded- S¢cc, (table HA-3)

A = 0.125/(Ry/1)
= 0.125/(24.5472/0.4882)
= 0.002486

B = 10,519 psi

S = 16,700 /1.00 = 16,700 psi

Scce min(B, $) = 10,519 psi

Allowable Compressive Stress, Vacuum and Corroded- S¢yc, (table HA-3)

A = 0.125/(Ry/t)
= 0.125/(24.5472/0.4882)
= 0.002486

B = 10263 psi

S = 16,700/1.00 = 16,700 psi

Seve = min(B, S) = 10,263 psi
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Operating, Hot & Corroded, Wind, Bottom Seam

tp = P*R/(2*S{*K*E¢ + 0.40%|P|) (Pressure)
=50%*24.0591 / (2*16,700*1.20*0.85 + 0.40*|50])
=0.0353"

tn = M/ (1R 2*S*K*Eg) (bending)
= 346,930 / (1*24.30322%16,700%1.20%0.85)
=0.011"

tw = 0.6*W / (2*m* Ry *S*K*E) (Weight)
=0.60%12,460.3 / (2*1*24.3032*16,700*1.20*0.85)
=0.0029"

=t +im -ty (total required, tensile)
=0.0353+0.011 - (0.0029)
=0.0434"

twe = W/ (2*T*R *S*K *E) (Weight)
= 12,460.3 / (2*n*24.3032*16,700*1.20*0.85)
=0.0048"

te = ltme T twe - tpel (total, net tensile)
=10.011 +(0.0048) - (0.0353)]
=0.0195"

Operating, Hot & New, Wind, Bottom Seam

tp = P*R/(2*S*K¢*E + 0.40%|P)) (Pressure)
=50%*23.9961 / (2*16,700*1.20*0.85 + 0.40*|50])
=0.0352"

tm = M/ (¥R 2*¥S*K*E) (bending)
= 347,264/ (1*24.27172%16,700%1.20%0.85)
=0.011"

ty = 0.6*W / (2*m*Rpy*S*K*E,) (Weight)
=0.60%12,929.4 / (2*1*24.2717*%16,700*%1.20%0.85)
=0.003"

=ttty -ty (total required, tensile)
=0.0352+0.011 - (0.003)
=0.0432"

twe = W7 (Q*T*Rp *S*K *E,) (Weight)
=12,929.4/ (2*1*24.2717*16,700*1.20*0.85)
=0.005"

fe = ltme  twe - tpel (total, net tensile)
=10.011 +(0.005) - (0.0352)]
=0.0192"

Hot Shut Down, Corroded, Wind, Bottom Seam

t, =0" (Pressure)
tm = M/ (¥R, 2*S*K*E,) (bending)
= 346,930 / (n*24.30322*%16,700%1.20%0.85)
=0.011"
ty = 0.6¥W / (2*1*R, *S*K¢*E,) (Weight)
=0.60%12,460.3 / (2*1*24.3032*16,700%*1.20*0.85)
=0.0029"
tt =tptim-ty (total required, tensile)

=0+0.011 - (0.0029)
=0.0081"
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tme = M/ (TR 2*S *K ) (bending)
= 346,930 / (1*24.30322%8,221.21*1.20)
=0.019"

twe = W/ (2**Ry *S*Ksg) (Weight)
= 12,460.3 / (2*1*24.3032%8,221.21%1.20)
=0.0083"

te = tme T twe - tpe (total required, compressive)
=0.019 +(0.0083) - (0)
=0.0272"

Hot Shut Down, New, Wind, Bottom Seam

t, =0" (Pressure)
tn = M/ (TR, 2*S*K*E,) (bending)
= 347,264 / (n*24.27172%16,700%1.20%0.85)
=0.011"
tw = 0.6*W / 2*n*Rp*S*K *E,) (Weight)
=0.60%12,929.4 / (2*1*24.2717%16,700*1.20*0.85)
=0.003"
f =t FTitm-ty (total required, tensile)
= 0+0.011 - (0.003)
= 0.008"
tme = M7 (T*R 2% *K ) (bending)
= 347,264 / (n*24.27172%8,401.54*1.20)
=0.0186"
twe = W/ (2*n*R 1 *S*K) (Weight)
=12,929.4 / (2*n*24.2717*8,401.54*1.20)
=0.0084"
e = lme *lwe = Upe (total required, compressive)
= 0.0186 + (0.0084) - (0)
=0.027"

Empty, Corroded, Wind, Bottom Seam

 =0" (Pressure)
tm = M/ (¥R 2*S*K*E) (bending)
= 346,930 / (1*24.30322%16,700%1.20%0.85)
=0.011"
ty = 0.6¥W / 2*t*R i *S*K*E) (Weight)
=0.60*12,414 / (2*1*24.3032*16,700*1.20*0.85)
=0.0029"
t =ty tig-ty (total required, tensile)
=0+0.011-(0.0029)
=0.0081"
tme = M/ (T*R;,2*S *K ) (bending)
= 346,930/ (n*24.3()322* 10,518.68*1.20)
=0.0148"
twe = W/ (2*1*Rpp *S*Ky) (Weight)
= 12,414/ (2*1*24.3032*10,518.68*1.20)
= 0.0064"
te =Tme T twe - Ipe (total required, compressive)
=0.0148 + (0.0064) - (0)
=0.0213"
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Empty, New, Wind, Bottom Seam

tp =0" (Pressure)

ty = M/ (R 2*S*K*Ee) (bending)
= 347,264 / (n*24.27172%16,700%1.20%0.85)
=0.011"

ty = 0.6¥W / (2*1*R *S*K *E) (Weight)
=0.60%12,883.1 / (2*n*24.2717*16,700*1.20*0.85)
=0.003"

=ttty (total required, tensile)
=0+0.011-(0.003)
=0.008"

tme = M/ (T*R 1y 2*S*K) (bending)

= 347,264 / (n*24.27172%10,759.82%1.20)
=0.0145"

tywe = W/ (2*T* Ry *S *K ) (Weight)
= 12,883.1/ (2*1*24.2717%10,759.82%1.20)
=0.0065"

e =Tme T twe - Ipe (total required, compressive)
= 0.0145 + (0.0065) - (0)
=0.0211"

Vacuum, Wind, Bottom Seam

lp =P*R/ (2*SC*KS + 0.40*|P|) (Pressure)
=-15%24.0591 / (2*10,262.63*1.20 + 0.40*|15|)
=-0.0146"

tn = M/ (T*Rp2*S*Ky) (bending)
= 346,930 / (1*24.30322%10,262.63*1.20)
=0.0152"

ty = 0.6*W / (2*1*Ry*S*Ky) (Weight)
=0.60%12,460.3 / (2*1*24.3032*10,262.63*1.20)
=0.004"

e =t tm - tyl (total, net compressive)
= -0.0146 + 0.0152 - (0.004)|
=0.0034"

twe = W/ (2*n*R *S *Ky) (Weight)
=12,460.3 / (2*1*24.3032*10,262.63*1.20)
= 0.0066"

te =tmettwe-tpe (total required, compressive)
=0.0152 +(0.0066) - (-0.0146)
=0.0365"

Hot Shut Down, Corroded, Weight & Eccentric Moments Only, Bottom Seam

thy =0" (Pressure)
tm = M/ (T*R 1 2*S*Kg) (bending)
= 26,523 / (m*24.30322*8,221.21*1.00)
=0.0017"
by = W/ (2*t*R *S *Ky) (Weight)
=12,460.3 / (2*n*24.3032*8,221.21*1.00)
=0.0099"
= [ty +ty - tyl (total, net compressive)

=10+0.0017 - (0.0099)|
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=0.0082"

to = tme * twe - tpe (total required, compressive)
= 0.0017 + (0.0099) - (0)
=0.0117"

Operating, Hot & Corroded, Seismic, Bottom Seam

tp = P*R/(2*S*K*E +0.40%|P)) (Pressure)
= 50%24.0591 / (2*16,700*1.20*0.85 + 0.40*50])
=0.0353"

tn = M/ (TR, 2*S*K*E) (bending)
= 86,256 / (n*24.30322#16,700*1.20%0.85)
=0.0027"

tw = (0.6 - VAccel ¥ W / 2*1*R 1y *S*K*E) (Weight)
= 0.40%12,460.3 / (2*1*24.3032*16,700*1.20*0.85)
=0.0019"

=t tin-ty (total required, tensile)
= 0.0353 +0.0027 - (0.0019)
=0.0361"

twe = (1 + VAccel)*W / (2*n*R *S*K*E,) (Weight)
=1.20%12,460.3 / (2*1*24.3032*16,700*1.20*0.85)
=0.0057"

o =|tme + twe - tpc‘ (total, net tensile)

=10.0027 + (0.0057) - (0.0353)|
= 0.0268"

Operating, Hot & New, Seismic, Bottom Seam

tp = P*R/(2*S*KG*E¢ + 0.40%|P]) (Pressure)
= 50%23.9961 / (2¥16,700*1.20%0.85 + 0.40*|50])
=0.0352"
tm = M/ (T*Rp2¥S¥K*E) (bending)
= 88,852/ (n*24.27172*16,700%1.20%0.85)
=0.0028"
tw = (0.6 - VAcce)*W / 2*n*R *S*K *E,) (Weight)
=0.40%12,929.4 / (2*n*24.2717*16,700%1.20%0.85)
=0.002"
o=ttty -ty (total required, tensile)
=0.0352 +0.0028 - (0.002)
=0.036"
twe = (1 + VAccel)*W / (2*m*R  *S*K*E) (Weight)
= 1.20%12,929.4 / (2*n*24.2717*16,700*1.20%0.85)
= 0.006"
e = ltme Tlye- lp(:‘ (total, net tensile)
=0.0028 + (0.006) - (0.0352)|
=0.0264"

Hot Shut Down, Corroded, Seismic, Bottom Seam

p =0" (Pressure)
tm =M/ (TR, 2*S*KG*E) (bending)
= 86,256 / (1*24.30322%16,700*1.20%0.85)
=0.0027"

ty = (0.6 - VAccel)*W / (2*1*Ry*S*K*E) (Weight)
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=0.40%12,460.3 / (2*1*24.3032%16,700%1.20%0.85)
=0.0019"

i =tptim-ty (total required, tensile)
=0+0.0027 - (0.0019)
= 0.0008"

tme = M7 (T*R %S *K ) (bending)
= 86,256 / (1*24.30322%8,221.21%1 .20)
=0.0047"
twe = (1 + VAccel)*W / (2*1*R  ¥S.*Ky) (Weight)
= 1.20%12,460.3 / (2*n*24.3032*8,221.21*%1.20)
=0.0099"
te = tme *twe - tpe (total required, compressive)
= 0.0047 + (0.0099) - (0)
=0.0146"

Hot Shut Down, New, Seismic, Bottom Seam

tp =0" (Pressure)

tm = M/ (¥R, 2*S*K*E,) (bending)
= 88,852/ (n*24.27172%16,700%1.20%0.85)
=0.0028"

tw = (0.6 - VAccel)*W / 2*n*Rpp, *S*K¢*E) (Weight)
=0.40*12,929.4 / (2*n*24.2717*16,700%1.20%0.85)
=0.002"

=ttty (total required, tensile)
=0+0.0028 - (0.002)
=0.0008"

tme = M/ (m*R,2*S *K) (bending)
= 88,852/ (n*24.27172*8,401.54*1.20)
=0.0048"
twe = (1 + VAccel)*W / 2**R, *S *K) (Weight)
=1.20%12,929.4 / (2*n*24.2717*%8,401.54%1.20)
=0.0101"
te =Tme T twe - Ipe (total required, compressive)
=0.0048 + (0.0101) - (0)
=0.0149"

Empty, Corroded, Seismic, Bottom Seam

p =0" (Pressure)

tm = M/ (TR 2*S*KG*E ) (bending)
=77,628/ (n*24.30322*16,70()*l.20*0.85)
=0.0025"

tw = (0.6 - VAccel)*W / 2*T*R *S *K *E¢) (Weight)
=0.40*12,414 / (2*1*24.3032*16,700*1.20*0.85)
=0.0019"

tt = tp Tty - tw (total required, tensile)
=0+0.0025 - (0.0019)
= 0.0005"

e = M/ ("R, 2S¢ *K ) (bending)
=77,628/ (n*24.30322*10,518.68*1.20)
=0.0033"

twe = (1 + VAccel)*W / (2*1*R ) *S *K) (Weight)
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=1.20*%12,414/ (2*n*24.3032*10,518.68*1.20)
=0.0077"
te = tme T twe - tpe (total required, compressive)
= 0.0033 + (0.0077) - (0)
=0.011"

Empty, New, Seismic, Bottom Seam

t, =0" (Pressure)

tn = M/ (TR, 2*S*K*E,) (bending)
= 80,308 / (1*24.27172%16,700*1.20%0.85)
=0.0025"

ty = (0.6 - VAccel)*W / (2*1*R, *S*K *E,) (Weight)
=0.40%12,883.1 / (2*n*24.2717%16,700*1.20*0.85)
=0.002"

o =t FTitm-ty (total required, tensile)
=0 +0.0025 - (0.002)
= 0.0006"

tme = M/ (n*R 1, 2*S*K) (bending)
= 80,308 / (n1*24.27172%10,759.82*1.20)
=0.0034"

twe = (1 + VAccel)*W / (2*1*R , *S *K) (Weight)
=1.20*12,883.1 / (2*n*24.2717*10,759.82*1.20)
=0.0079"

o = tme ¥ hye - lpe (total required, compressive)
= 0.0034 + (0.0079) - (0)
=0.0112"

Vacuum, Seismic, Bottom Seam

ty = P*R/(2*Sc*K + 0.40%(P]) (Pressure)

=-15*24.0591 / (2*10,262.63*1.20 + 0.40*[15|)
=-0.0146"
tm =M/ (T*R,2*S *Ky) (bending)
= 86,256 / (1*24.30322%10,262.63*1.20)
=0.0038"
tw = (0.6 - VAccel)*W / 2*1*R,*S*Ky) (Weight)
= 0.40%12,460.3 / (2*1*24.3032*10,262.63*1.20)
=0.0027"
=ty T, -ty (total, net compressive)
=1-0.0146 + 0.0038 - (0.0027)|
=0.0135"
twe = (1 + VAceel*W / (2*T*R n*S*Ky) (Weight)
=1.20%12,460.3 / (2*1*24.3032*10,262.63*1.20)
=0.008"
e =tmettwe-tpe (total required, compressive)
=0.0038 +(0.008) - (-0.0146)
=0.0264"
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BTM HEAD
ASME Section VIII, Division 1, 2007 Edition, A09 Addenda
Component: Ellipsoidal Head
Material Specification: SA-240 304L (11-D p.82, In. 38)

Material Impact test exempt per UHA-51(g)(coincident ratio = 0.18889)

Internal design pressure: P = 50 psi @ 250 °F
External design pressure: Pe = 15 psi @ 115 °F

Static liquid head:
Ps=3.3363 psi (SG=1.015, Hg=91.061" Operating head)

P=2.0407 psi (SG=1, Hg=56.5341" Horizontal test head)
Pyy=6.7146 psi (SG=1, Hg=186.0138" Vertical test head)

Corrosion allowance: Inner C = 0.063" Outer C=0"
Design MDMT = 10°F No impact test performed
Rated MDMT = -320°F Material is not normalized
Material is not produced to fine grain practice
PWHT is not performed

Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - Full UW-11(a) Type 1

Head to shell seam - Spot UW-11(a)(5)(b) Type 1
Estimated weight*: new =415.21b corr =361.4 1b
Capacity*: new = 78.1 US gal corr = 78.8 US gal

* includes straight flange

Inner diameter = 47.9921"
Minimum head thickness = 0.4685"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 1.9948 (corroded)
Straight flange length L¢p = 1.9685"

Nominal straight flange thickness tgy = 0.5512"

Results Summary

The governing condition is external pressure.

Minimum thickness per UG-16 = 0.0625" +0.063" = 0.1255"
Design thickness due to internal pressure (t) = 0.1396"

Design thickness due to external pressure (te) = 0.1893"

Maximum allowable external pressure (MAEP) = 82.33 psi

K (Corroded)
K = (1/6)*[2 + (D / (2*h))?]

= (1/6)*[2 + (48.1181 / (2%12.061))2]
= 0.996522
K (New)
K = (1/6)*[2 + (D / (2*h))2]
= (1/6)*[2 + (47.9921 / (2%11.998))2]
1

Design thickness for internal pressure, (Corroded at 250 °F) Appendix 1-4(c)

t = P*D*K / (2*S*E - 0.2*P) + Corrosion
53.34*48.1181*0.996522 / (2*16,700*1 - 0.2*53.34) + 0.063
= 0.1396"

The head internal pressure design thickness is 0.1396".
Design thickness for external pressure, (Corroded at 115 °F) UG-33(d)
Equivalent outside spherical radius (R,)

R, = Kg*D,
= 0.8831%48.9291
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= 43.2088 in

A = 0I25/(Ry/1)
0.125 /(43.2088 / 0.126208)
0.000365

From Table HA-3:B = 5,135.418 psi

P, B/(Ry/1)
5,135.418 /(432088 /0.1262)

15 psi

-
Il

0.1262" + Corrosion = 0.1262" + 0.063" = 0.1892"
Check the external pressure per UG-33(a)(1) Appendix 1-4(c)
t = 1.67*P*D*K / (2*S*E - 0.2%1.67*P,) + Corrosion

1.67*15%48.1181*0.996522 / (2¥16,700*1 - 0.2*¥1.67*15) + 0.063
0.099"

The head external pressure design thickness (t¢) is 0.1892".

Maximum Allowable External Pressure, (Corroded at 115 °F) UG-33(d)

Equivalent outside spherical radius (R,)
R, = K *D,

0.8831*48.9291
43.2088 in

>
|

0125/ (Ry /1)
0.125 / (43.2088 / 0.405504)
0.001173

From Table HA-3:B = 8,772.8906 psi

Py

B/(Ry/t)
8,772.891 /(43.2088 / 0.4055)
82.3315 psi

Check the Maximum External Pressure, UG-33(a)(1) Appendix 1-4(c)

P

2¥S*E*t / (K*D + 0.2*1)*1.67) - Py
2#16,700*1%0.4055 / ((0.996522*48.1181 +0.2#0.4055)*1.67) - 0
= 168.85 psi

The maximum allowable external pressure (MAEP) is 82.33 psi.

% Forming strain - UHA-44(a)(2)(b)

EFE (75%t/ Rp*(1 - Rp/ Ry)

= (75%0.5512/8.4343)*(1 - 8.4343 / Y<©)
4.9013%
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UPPER SKIRT
Material: SA-240 304L (II-D p. 82, In. 38)
Design temperature, operating: 250°F
Design temperature, vacuum: 115°F
Inner diameter at top, new:  47.7165 in
Inner diameter at bottom, new: 47.7165 in
Overall length: 344173 in
Corrosion allowance inside: 0in
Corrosion allowance outside: 0.063 in
Weld joint efficiency top: 0.55
Weld joint efficiency bottom: 0.7
Nominal thickness, new: 0.3937 in
Skirt is attached to: BTM HEAD
Skirt attachment offset: 4.9528 in down from the top seam

Skirt design thickness, largest of the following + corrosion = 0.1288 in
The governing condition is due to wind, compressive stress at the base, operating & corroded.

The skirt thickness of 0.3937 in is adequate.

) Ves.se.l Govel'"ning Temperature Allowable | Calculated Re.quired
Loading CD'I'ldltl(]I'l Skll‘.t ©F) Stre.ss Stres.s/E lhlc_kness
(Stress) Location (psi) (psi) (in)

Wind operating, corroded (+) bottom 250 16,700 1,090.88 0.0216
Wind operating, corroded (-) bottom 250 7,668 1,526.4 0.0658
Wind operating, new (+) bottom 250 16,700 905.75 0.0214
Wind operating, new (-) bottom 250 7,928.21 1,289.73 0.064
Wind empty, corroded (+) top 68 16,700 1,196.06 0.0237
Wind empty, corroded (-) bottom 68 9,755.54 1,406.21 0.0477
Wind empty, new (+) top 68 16,700 992.89 0.0234
Wind empty, new (-) bottom 681 10,127.39 1,189.47 0.0462
Wind test, new (+) bottom 68 16,700 32535 0.0077
Wind test, new (-) bottom 681 10,127.39 1,011.06 0.0393
Wind vacuum, corroded (+) bottom 115 16,700 1,090.88 0.0216
Wind vacuum, corroded (-) bottom 115 9,523.45 1,526.4 0.053
Scismic | operating, corroded (+) top 250 16,700 404.31 0.008
Seismic | operating, corroded (-) bottom 250 7,668 1,035.38 0.0447
Seismic operating, new (+) top 250 16,700 339.3 0.008
Seismic operating, new (-) bottom 250 7.928.21 885.05 0.044
Seismic empty, corroded (+) top 68 16,700 462.49 0.0092
Seismic empty, corroded (-) bottom 68 9,755.54 861.97 0.0292
Seismic empty, new (+) top 68 16,700 387.94 0.0091
Seismic empty, new (-) bottom 681 10,127.39 740.47 0.0288
Seismic | vacuum, corroded (+) top 115 16,700 404.31 0.008
Seismic | vacuum, corroded (-) bottom 115 9,523.45 1,035.38 0.036

Loading due to wind, operating & corroded
Windward side (tensile)

Required thickness, tensile stress at base:

£ = -0.6*W/(T*D¥SE) + 48*M / (T¥D2S*F)
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-0.6*23,798.26 / (m*48.0472%16,700%0.7) + 48%52,449.4 / (1*48.04722%16,700*0.7)
0.0216 in

Required thickness, tensile stress at the top:

“0.6*W, / (n*Dg*S{*E) + 48*M, / (n*D2*S*E)
= 0.6%23,300.05 / (T*48.0472%16,700%0.55) + 48*43,260.9 / (1*48.04722%16,700%0.55)
0.0211 in

-
[

Leeward side (compressive)

Required thickness, compressive stress at base:

t = W/(m*D*SG*Eo) + 48*M / (m*D2*S )
23,798.26 / (n*48.0472%7,668* 1) + 48*52,449 4 / (n*48.04722*7,668* 1)
0.0658 in

Required thickness, compressive stress at the top:

Wi/ (R*D¢*S¢*E,) + 48*M, / (t*D2*S *E,)
23,300.05 / (n*48.0472%7,668* 1) + 48%43,260.9 / (m*48.04722%7,668*1)
0.0575 in

-
[ I
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LOWER SKIRT
Material: SA-516 70 (II-D p. 18, In. 24)
Design temperature, operating: 68 °F
Design temperature, vacuum: 68 °F
Inner diameter at top, new: 47.7165 in
Inner diameter at bottom, new: 47.7165 in
Overall length: 124.6063 in
Corrosion allowance inside: 0in
Corrosion allowance outside: 0.063 in
Weld joint efficiency top: 0.7
Weld joint efficiency bottom: 0.7
Nominal thickness, new: 0.3937 in
Skirt is attached to: UPPER SKIRT
Skirt attachment offset: 0in up from the bottom seam

Skirt design thickness, largest of the following + corrosion = 0.1184 in

The governing condition is due to wind, compressive stress at the base, operating & corroded.

The skirt thickness of 0.3937 in is adequate.

) Ves.se.l Govel'"ning Temperature Allowable | Calculated Re.quired
Loading CD'I'ldltl(]I'l Skll‘.t ©F) Stre.ss Stres.s/E lhlc_kness
(Stress) Location (psi) (psi) (in)

Wind | operating, corroded (+) bottom 68 20,000 2,261.23 0.0374
Wind operating, corroded (-) bottom 68 | 14,339.67 2,402.06 0.0554
Wind operating, new (+) bottom 68 20,000 1,881.72 0.037
Wind operating, new (-) bottom 68 | 15,041.35 2,029.33 0.0531
Wind empty, corroded (+) bottom 68 20,000 2,364.25 0.0391
Wind empty, corroded (-) bottom 68 | 14,339.67 2,281.87 0.0526
Wind empty, new (+) bottom 68 20,000 1,967.65 0.0387
Wind empty, new (-) bottom 681 15,041.35 1,929.07 0.0505
Wind test, new (+) bottom 68 20,000 7817.05 0.0155
Wind test, new (-) bottom 681 15,041.35 1,390.67 0.0364
Wind vacuum, corroded (+) bottom 68 20,000 2,261.23 0.0374
Wind vacuum, corroded (-) bottom 681 14,339.67 2,402.06 0.0554
Scismic | operating, corroded (+) bottom 68 20,000 661.75 0.0109
Seismic | operating, corroded (-) bottom 68 | 14,339.67 1,282.43 0.0296
Seismic operating, new (+) bottom 68 20,000 560.76 0.011
Seismic operating, new (-) bottom 68 | 15,041.35 1,104.66 0.0289
Seismic empty, corroded (+) bottom 68 20,000 621 0.0103
Seismic empty, corroded (-) bottom 68 | 14,339.67 1,061.6 0.0245
Seismic empty, new (+) bottom 68 20,000 526.94 0.0104
Seismic empty, new (-) bottom 681 15,041.35 920.58 0.0241
Seismic | vacuum, corroded (+) bottom 68 20,000 661.75 0.0109
Seismic | vacuum, corroded (-) bottom 68 | 14,339.67 1,282.43 0.0296

Loading due to wind, operating & corroded

Windward side (tensile)

Required thickness, tensile stress at base:

£ = -0.6*W/(T*D¥SE) + 48*M / (T¥D2S*F)
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-0.6*25,558.49 / (m*48.0472%20,000%0.7) + 48%94,442.3 / (1*48.04722%20,000*0.7)
0.0374 in

Required thickness, tensile stress at the top:

“0.6*W, / (n*Dg*S{*E) + 48*M, / (n*D2*S*E)
= 0.6%23,798.26 / (1*48.0472%20,000%0.7) + 48%52,449.4 / (m*48.04722%20,000%0.7)
0.018 in

-
[

Leeward side (compressive)

Required thickness, compressive stress at base:

t = W/(m*D*SG*Eo) + 48*M / (m*D2*S )
25,558.49 / (n*48.0472%14,340% 1) + 48%94,442.3 / (n*48.04722*14,340* 1)
0.0554 in

Required thickness, compressive stress at the top:

Wi/ (R*D¢*S¢*E,) + 48*M, / (t*D2*S *E,)
23,798.26 / (n*48.0472%14,340*1) + 48%52,449.4 / (n*48.04722*14,340*1)
0.0352 in

-
[ I
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Base configuration:

Foundation compressive strength:
Concrete ultimate 28-day strength:
Anchor bolt material:

Anchor bolt allowable stress, S,

Bolt circle, BC:

Anchor bolt corrosion allowance (applied to root radius):

Anchor bolt clearance:

Base plate material:

Base plate allowable stress, S
Base plate inner diameter, Dj:
Base plate outer diameter, D:
Base plate thickness, ty:
Gusset separation, w:

Gusset height, h:

Gusset thickness, tg:
Compression plate width:
Compression plate length:
Compression plate thickness, t.:
Initial bolt preload:

Number of bolts, N:

Bolt size and type:

BASE BLOCK

external bolt chairs
1,664 psi
3,001 psi
ASTM F1554 GR. 55
24,750 psi
51.9685 in
0in
0.4961 in
SA 516-70
19,999 psi
45.0394 in
55.5118 in
1.0236 in
5.9843 in
5.9449 in
0.5118 in
3.5039 in
7.9921 in
1.0236 in
0 % (0 psi)
8

1 inch series 8 threaded

Bolt root area (corroded), Ap: 0.551 in2

Diameter of anchor bolt holes, dy,: 1.4961 in
PN IR el I i) I e v PR

condition (Ibi-ft) (Ib) (in?) n) S(t;::)s (in) (i)

Wind | operating, corroded | 94,442.3 ] 26,180 0.3612] 0.673 277.24 ] 0.6208 | 0.1393
Wind operating, new | 94,487.41 27,106 | 0.3586 | 0.6749 278.81 | 0.6166 | 0.1388
Wind empty, corroded | 94,442.3 | 20,180.1 0.3794 1 0.6609 267.37 ] 0.6481 | 0.1422
Wind empty, new 94,487.4 | 21,140.1] 0.3767 | 0.6631 269.15] 0.644]0.1417
Wind test, new 51,639.9131,851.7| 0.144410.5256 169.08 1 0.3391 | 0.118
Wind | vacuum, corroded | 94,4423 26,180 0.3612| 0.673 277.24 ] 0.6208 | 0.1393
Seismic | operating, corroded | 33,379.9] 26,180 0.1028 } 0.5097 1591 0.3159 1 0.1169
Seismic | operating, new ] 34,029.3] 27,106 0.10410.5159 162.910.3168 | 0.1169
Seismic | empty, corroded ] 29,552.3120,180.1 ] 0.0971 | 0.4689 134.58 1 0.3135 ] 0.1168
Seismic empty, new 30,225.7 | 21,140.1] 0.0983 | 0.4761 138.73 1 0.3144 ] 0.1168
Seismic | vacuum, corroded ] 33,379.9] 26,180 0.1028 } 0.5097 1591 0.3159 ] 0.1169

Anchor bolt load (governing)
P=-0.6*W /N +48 * M/(N*BC)

=-0.6%20,180.1 /8 + 48 * 94,442.3 / (8*51.9685)
=9,390.29 Ibg

Required area per bolt = P/ Sy, = 0.3794 in2

The area provided (0.551 in2) by the specified anchor bolt is adequate.

Support calculations (Jawad & Farr chapter 12, governing)

Base plate width, t.: 5.23621in
Average base plate diameter, d:  50.2756 in
Base plate elastic modulus, Eg: 29,000,000 psi

Base plate yield stress, Sy: 30,000 psi

E¢ = 57.000.00%Sqr(3,001) = 3,122,539 psi
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n=EE=29,000,000/3,122,539 = 9.2873

tg=(N*Ap) / (n*d)

=(8*0.551) / (n*50.2756)
=0.0279 in

From table 12.4 for k = 0.199136:

K| =2.6629, Kp=1215
Ly=15.1311,15 = 31.0268,13 = 7.9558

Total tensile force on bolting

T=(12*M- 0.6*W *(Ly +L3)) / (Ly + L3)
= (12%94,487.4 - 0.6*27.105.96 *(15.1311 + 7.9558)) / (310268 + 7.9558)
=19,454.17 Ibg

Tensile stress in bolts use the larger of fg or bolt preload = 0 psi

fi=T/(ts*(d/2) *K})
=19,454.17/(0.0279 * (50.2756 / 2) * 2.6629)
=10,414 psi

Total compressive load on foundation

=T+ W + Bolt Preload
19,454.17 +27,105.96 + 0
=46,560.13 Ibp

o

Foundation bearing stress

fo = Co/ ((te - t9) + n¥*(d / 2)*K)

=46,560.13 / (((5.2362 - 0.0279) + 9.2873*0.0279)*(50.2756 / 2)*1.215)
=279 psi

As fg <= 1,664 psi the base plate width is satisfactory.

k=1/(1+f5/(n*fy))
=1/(1+10,414/(9.2873*%279))
=0.199136

Base plate required thickness (governing)

From Brownell & Young, Table 10.3:,1/b=0.2615

My = 0.0061*279%13.40012 = 306.4 Iby
My = -0.4435%279%3.50392 = -1,518.2 lbg

t = (6*Mpax / Sp)o‘s

=(6*1,518.21 /19,999)0-5

=0.6749 in

The base plate thickness is satisfactory.

Check the compression plate for bolt load (Jawad & Farr equation 12.13)
ter = BOT¥F / (Sy*(2*b / whw / (2*1)-dp*(2 / wl [ (2*1)))))0-5
=(3.91%6,338.46 / (30,000%(2¥3.5039 / 5.9843+5.9843 / (2*1.732)-1.4961*(2 / 5.9843+1 / (2*1.732)))))0-5
=0.6481 in

The compression plate thickness is satisfactory.

Check gusset plate thickness (Bednar chapter 4.3)

Radius of gyration of gusset

r=0.289%tg

=0.289*0.5118

=0.1479 in

Cross sectional area of one gusset



ITEM NO. DR 1064 / 2064

Ag=1g%(b-0.25)
=0.5118%(3.5039 - 0.25)
=1.6654 in2

Gusset allowable stress

S, = 17000 - 0.485%(h / r)2
= 17000 - 0.485%(5.9449 / 0.1479)2
=16,217 psi

Gusset axial stress due to bolt load

Sg=F/(2*Ayp)

=6,338.46 /(2 * 1.6654)

=1,903 psi

The gusset plate thickness is satisfactory.

Check skirt thickness for bolt load reaction (Brownell & Young eq. 10.59)
t= L.76%(F*1/ (Mp*h.*S))2 / 3%(0D, / 2)L /3

=1.76%(6,338.46%1.7323 / (18.5748%7.9921%30,000))2 / 3¥(48.5039 / 2)1 /3
=0.093 in

The skirt thickness is satisfactory.
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4" (AM)
ASME Section VIII Division 1, 2007 Edition, A09 Addenda
— —1.8161 Legy, -
0.3937— — — —0.3937
Legyr =
D. =
0.5512 ’
t =
0.5612 —_— ——J/— — g — e
L P Tl ——# 10.4685
TI i e
- —— — e

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Nozzle description:

Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:

Gasket Description:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Calculated as hillside:

Local vessel minimum thickness:

End of nozzle to datum line:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Opening chord length:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Distance to head center, R:

Pad is split:

tw(lower) = 0.4685 in

TOP HEAD

0 psi

SA-312 TP304L WId & smls pipe (1I-D p. 86, In. 1)
1

NPS 4 Sch 80S (XS)

SA-240 304L (II-D p. 82, In. 38)

8.2678 in

4inch Class 150 WN A182 F304L

SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

0 psi

185 psi @ 250°F

230 psi @ 68°F

350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

None UW-11(c) Type 1
290°

Yes

0.4685 in

174.0157 in

3.826 in

0.337 in

0.063 in

4.0761 in

153172 in

18.3172 in

10.7874 in

No

0.3937 in

Yw(upper) = 0.5512 in

0.3937 in

8.2678 in

0.5512 in
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =50 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.2636 | 4.0261 |1.3892]10.5436] -- ] 1.938310.155 0.2795 0.2949

UG-41 Weld Failure Path Analysis Summary (lbg)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load Path 2-2 Weld load | Path 3-3
w Wi, strength W, strength Wis strength

-15,677.64 | 44,036.87 ] 63,102.7 | 15,377.74 ] 106,342.36 | 47,747.99 | 77,261.84

UW-16 Weld Sizing Summary
Weld description Requirseidz:v(ei:]c; Actuszil;xei:ld) Status
Nozzle to pad fillet (Legy;) 0.1918 0.2756 | weld size is adequate
Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate
Nozzle to pad groove (Upper) 0.1918 0.5512 | weld size is adequate

Calculations for internal pressure 50 psi @ 250 °F

Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °F.
Pad Impact test exempt per UHA-51(g)(coincident ratio = 0.15951).

Parallel Limit of reinforcement per UG-40
L = MAX(A Ry +(t-Cp) +(t-C)
= MAX(4.0761, 2.0381 +(0.337 - 0.063) + (0.4685 - 0.063))

= 4.0761 in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN(2.5%(t - C), 2.5%(ty - Cp) + te)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.337 - 0.063) +0.5512)
= 1.0138 in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sy*E - 0.6*P)
= 50%1.976 /(16,700%1 - 0.6*50)
= 0.0059in

Required thickness t,. from UG-37(a)(c)
t P*K*D / (2*S*E - 0.2*P)

= 50*0.8976*48.1181 / (2*¥16,700*1 - 0.2%50)
= 0.0647 in

Area required per UG-37(c)
Allowable stresses: S, = 16,700, S, = 16,700, Sp =16,700 psi
fip =lesserof L or S, /Sy =1
fio=lesserof lor S, /S, =1

fi3 = lesser of fip or S, /Sy =1
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fr4 = lesser of 1 or Sp /Sy =1

A = A¥tFF + 2% 4t 4P - fpp)
4.0761%0.0647%1 + 2%0.274%0.0647*1*(1 - 1)
0.2636 in2

Area available from FIG. UG-37.1

A = larger of the following= 1.3892 in?

= d*(E*t- F*p) - 2%t * (B *t - F*tp)*(1 - f)
= 4.0761*(1*0.4055 - 1%0.0647) - 2#0.274*(1%0.4055 - 1¥0.0647)*(1 - 1)
= 1.3892 in2

= 2¥(t + to) (B ¥t - F¥tp) - 2%, (B *t - F*tp)*(1 - fyy)

= 2%(0.4055 + 0.274)*(1%0.4055 - 1¥0.0647) - 2%0.274*(1%0.4055 - 1%0.0647)*(1 - 1)
= 0.4632 in2

A, = smaller of the following= 0.5436 in2

= 5*(tn - t)* o™t
= 5%(0.274 - 0.0059)*1*0.4055
= 0.5436 in2

= 2%(ty - t)*(2.5%ty + te)*fn

= 2%(0.274 - 0.0059)*(2.5%0.274 + 0.5512)*1
= 0.6629 in2

Ayl = TLeg?*fy
= 0.39372%1
= 0.155 in2
Ay = Leg¥fy
= 02%]
= 0in2
(Part of the weld is outside of the limits)
As = (Dp - d - 2% oMy

= (8.1522 - 4.6355)*0.5512*1
= 1.9383 in2

Area = At Ayt Ay + Ayt As
= 1.3892 +0.5436 + 0.155 + 0 + 1.9383
= 4.0261 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t,, or te = 0.274 in
te(min) = lesser of 0.25 or 0.7*t;;, = 0.1918 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4055 in
tw(min) = 0-5*tyin = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VI1I-1-83-66 has been applied.

Wall thickness per UG-45(a): ;1 = 0.2795 in (E =1) (pressure plus external loads govern in longitudinal direction)
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Wall thickness per UG-45(b)(1): trp =0.1348 in

Wall thickness per UG-16(b): 43 =0.1255in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2704 in
The greater of t,y or t;3: ts =0.1348 in
The lesser of t4 or t;s: tyg = 0.1348 in

Required per UG-45 is the larger of t;1 or t;g = 0.2795 in
Available nozzle wall thickness new, t, = 0.875%0.337 = 0.2949 in

The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension: 0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7%16,700 = 11,690 psi
Inner fillet weld in shear: 0.49%16,700 = 8,183 psi
Outer fillet weld in shear: 0.49%16,700 = 8,183 psi
Upper groove weld in tension: 0.74*16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(n / 2)*Nozzle OD*Leg*S; = (1 / 2)*4.5%0.3937*8,183 = 22,772.53 Ibp

(2) Outer fillet weld in shear
(n /2)*Pad OD*Leg*S, = (n/2)*8.2678*0.3937*8,183 = 41,839.63 Ibs

(3) Nozzle wall in shear
(n / 2)*Mean nozzle dia*t,*S,, = (n / 2)*4.226*0.274*11,690 = 21,263.08 lbg

(4) Groove weld in tension
(m / 2)*Nozzle OD*tW*Sg =(n/2)*4.5%0.4055%12,358 = 35,422.21 lby

(6) Upper groove weld in tension
(m/ 2)*Nozzle OD*1y,*Sg = (m / 2)*4.5%0.5512%12,358 = 48,147.63 Iby

Loading on welds per UG-41(b)(1)

W = (A-Ap+ 2*tn*frl*(ﬁl *t- F*tr))*sv
= (0.2636 - 1.3892 + 2*0.274* 1 *(1*0.4055 - 1*0.0647))*16,700
= -15,677.64 Ibg

Wiy = (A + As+Ag +Ag)*Sy

= (0.5436 + 1.9383 + 0.155 + 0)*16,700
= 44,036.87 Ibg

Wap = (Ag + Az +Ag) +Agz + 2% * 4 )*Sy
= (0.5436 + 0 + 0.155 + 0 +2*0.274*0.4055*1)*16,700
- 15,377.74 Ibg

W33 = (Ag+ Az +As+Agp + Ay + Agg + 2 ¥4 )*S,,

= (0.5436 + 0+ 1.9383 +0.155 + 0 + 0 + 2*0.274*0.4055*1)*16,700
= 47,747.99 lIbg

Load for path 1-1 lesser of W or Wy_| =-15677.64 Ibp
Path 1-1 through (2) & (3) = 41,839.63 +21,263.08 = 63,102.7 lbp
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or Wy 5 = -15677.64 lby
Path 2-2 through (1), (4), (6) = 22,772.53 + 35,422.21 + 48,147.63 = 106,342.36 Ib¢
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3_3=-15677.64 lb¢
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Path 3-3 through (2), (4) = 41,839.63 + 35,422.21 = 77,261.84 Ibg
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Applied Loads

Radial load: P.= -967.831b¢
Circumferential moment: M| =38,624.29 Ibg-in
Circumferential shear: Vo= 1,933.461b¢
Longitudinal moment: ~ Mp =38,624.29 Ib-in

Longitudinal shear: V1= 1,933.46Ibp
Torsion moment: M= 27,254 Ibg-in
Internal pressure: P= 50 psi
Head yield stress: Sy=" 20,200 psi

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius Ry, = 43.6746 in

U =r,/Sqr(Rpy*t) = 0.966
Pressure stress intensity factor, I = 1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =2,680 psi

Maximum combined stress (P +P+Q) = 35,573 psi

Allowable combined stress (P +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P, +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P, ) = 7,630 psi
Allowable local primary membrane stress (P;) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.0692 407 407 407 407 407 407 407 407
SR-2 0.037 1,307 ] -1,307 | 1,307 -1,307 1,307 | -1,307 | 1,307 | -1,307
SR-3* 0.0814 0 0 0 O 4543 -4543] 4543 4,543
SR-3 0.0794 0 0 0 0] -26,591 ] 26,591 ] 26,591 | -26,591
SR-3* 0.0814 | -4,543 | -4.543 | 4543 4,543 0 0 0 0
SR-3 0.0794 | -26,591 | 26,591 | 26,591 | -26,591 0 0 0 0
Pressure stress* 2,680 | 2,680 2,680 2,680 2,680 | 2,680 2,680 2,680
Total Oy stress 26,740 | 23,828 | 35,528 | -20,268 | -26,740 | 23,828 | 35,528 | -20,268
Membrane Oy stress* | -1,456 | -1,456 | 7,630 7,630 | -1,456 | -1,456 | 7,630 7,630
SR-2* 0.0215 127 127 127 127 127 127 127 127
SR-2 0.0111 3921 -392 392 -392 392 -392 392 -392
SR-3* 0.0245 0 0 0 of -1,367 ] -1,367 | 1,367 1,367
SR-3 0.0239 0 0 0 o] -s.004] s.004] 8004] -8004
SR-3* 0.0245 ] -1,367] -1,367| 1,367 1,367 0 0 0 0
SR-3 0.0239 | -8,004 | 8,004 | 8,004] -8,004 0 0 0 0
Pressure stress* 2,680 2,680 2,680 2,680 2,680 | 2,680 2,680 2,680
Total Oy stress -6,172] 9,052 112,570 -4.222) -6,172] 9,052 112,570 | -4,222

Membrane Oy stress* 1,440 | 1.440] 4174 4,174 1,440 14401 4,174 4,174

Shear from M, 647 647 647 647 647 647 647 647
Shear from V, 0 0 0 0 -373 -373 373 373
Shear from V, 373 373 -373 -373 0 0 0 0
Total Shear stress 1,020 | 1,020 274 274 274 274 | 1,020 1,020

Combined stress

(P +P+Q) 26,790 | 23,898 | 35,531 | -20,273 | -26,744 | 23,833 | 35,573 | -20,333

Notes: (1) * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Mean dish radius Ry, = 43.6746 in

U =1,/ Sqr(Rp*t) = 0.348
Pressure stress intensity factor, I =0.33279 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =892 psi

Maximum combined stress (P, +P,+Q) = 18,439 psi

Allowable combined stress (P, +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P; +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P;) = 2,141 psi
Allowable local primary membrane stress (Py) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.1737 184 184 184 184 184 184 184 184
SR-2 0.1208 766 -766 766 -766 766 -766 766 -766
SR-3* 0.1631 0 0 0 0] -1,065] -1,065] 1,065 1,065
SR-3 0.3936 0 0 0 0]-15418 | 15418 | 15,418 ] -15,418
SR-3* 0.1631 | -1,065 | -1,065] 1.065] 1,065 0 0 0 0
SR-3 0.3936 | -15,418 | 15,418 | 15,418 | -15,418 0 0 0 0
Pressure stress* 892 892 892 892 892 892 892 892
Total O, stress -14,641 | 14,663 | 18,325 | -14,043 | -14,641 | 14,663 | 18,325 | -14,043
Membrane Oy stress* 11 11] 2,141 2,141 11 11] 2,141 2,141
SR-2* 0.0522 55 55 55 55 55 55 55 55
SR-2 0.0372 236 -236 236 -236 236 -236 236 -236
SR-3* 0.05 0 0 0 0 -326 -326 326 326
SR-3 0.1189 0 0 0 o] -4658] 4658 4658 -4,658
SR-3* 0.05 -326 -326 326 326 0 0 0 0
SR-3 0.1189 | -4.658] 4,658 4.658] -4,658 0 0 0 0
Pressure stress* 892 892 892 892 892 892 892 892
Total Oy stress -3.801 ] 5,043 6,167 -3.621] -3.801 | 5,043] 6,167 -3,621
Membrane Oy stress* 621 621 1,273 1,273 621 621 1,273 1,273
Shear from M, 896 896 896 896 896 896 896 896
Shear from V; 0 0 0 0 -286 -286 286 286
Shear from V, 286 286 -286 -286 0 0 0 0
Total Shear stress 1,182 1,182 610 610 610 610 1,182 1,182
C"'(';,ll’i“]fgg)' % 114768 | 14,806 | 18,356 | -14.079 | 14,675 | 14,702 | 18,439 | -14,175

Notes: (1) * denotes primary stress.

(2) The nozzle is assumed to be a rigid (solid) attachment.
Longitudinal stress in the nozzle wall due to internal pressure + external loads

On (Pm) = PFR; / (2%ty) - P/ (T*(Ry2 - Ri2)) + M*R,, /1

=50%1.976 / (2*0.2319) - -967.83 / (n*(2.252 - 1.9762)) + 54,623%2.25 / 8.1551

=15,550 psi

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i IS = 16,700 psi)

Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + Vc2)0'5 / (T*Ri*tp)
=(1,933.462 + 1,933.462)0.5 / (1*1.976%0.274)
= 1,608 psi

Storsion = M¢/ (Z*K*Riz*tn)
=27.254/(2*1*1.9762*0.274)
= 4,054 psi

Gtotal = Oshear T Ctorsion
=1,608 +4,054
= 5,662 psi

UG-45(c): The total combined shear stress (5,662 psi) is below than the allowable (0.7*S,, = 0.7*16,700 = 11,690 psi)
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Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe =15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.2572 | 3.7331 | 1.138410.5015 ] -- ] 1.9382]10.155 0.2766 0.2949

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (in) size (in) Status

Weld description

Nozzle to pad fillet (Legy;) 0.1918 0.2756 | weld size is adequate

Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate

Nozzle to pad groove (Upper) 0.1918 0.5512 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40

Lp = MAX(d, Ry + (1 - Cp) + (t- C))
= MAX(4.076, 2.038 +(0.337 - 0.063) + (0.4685 - 0.063))
4.076 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5¥(t-C),2.5%t,- Cp) + o)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.337 - 0.063) +0.5512)
= 1.0138 in

Nozzle required thickness per UG-28 t,;, = 0.0267 in

From UG-37(d)(1) required thickness t. = 0.1262 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, Sy = 16,700, S;, = 16,700 psi
frp =lesserof 1or S, /S, =1

frg =lesserof 1 or S,/ Sy =1

fi3 = lesser of fip or S, /S = 1

fr4 = lesser of L or Sy /Sy =1

A = OSR(@HEF + 2%t (L - £)
0.5%(4.076%0.1262%1 +2*%0.274%0.1262*1%(1 - 1))
0.2572 in2

Area available from FIG. UG-37.1

Ay = larger of the following= 1.1384 in2

d*(E*- FAp) - 2% (B - FHp*(1 - f)
4.076%(1%0.4055 - 1%0.1262) - 2%0.274%(1#0.4055 - 1¥0.1262)*(1 - 1)
1.1384 in2
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- 2%(t + 1) * (B *t - F¥t;) - 2%, *(Ey *t - F¥t,)*(1 - f1)
= 2%(0.4055 + 0.274)*(1%0.4055 - 1¥0.1262) - 2%0.274%(1%0.4055 - 1%0.1262)*(1 - 1)
= 0.3796 in2

A, = smaller of the following= 0.5015 in2

= 5*011 - tm)’kfrfkt
= 5%(0.274 - 0.0267)*1*0.4055
= 0.5015 in2

= 2%(tn - t)*(2.5%ty + t0)*fip

= 2%(0.274 - 0.0267)%(2.5%0.274 + 0.5512)*1
= 0.6116 in2

Ag = Leg¥*fig
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 02* 1
= 0in2

(Part of the weld is outside of the limits)

As = (Dp -d - 2%tn)*te iy
= (8.152 - 4.6355)*0.5512*1
= 1.9382 in2

Area = A+ Ar+ Ay + Ay + A5
= 1.1384 +0.5015 + 0.155 + 0 + 1.9382
= 3.7331 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t, or te = 0.274 in
te(min) = lesser of 0.25 or 0.7*t,i, = 0.1918 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4055 in
Uy(min) = 0.5*tpip = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VIII-1-83-66 has been applied.

Wall thickness per UG-45(a): ty; = 0.2766 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): 2 =0.0845 in
Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2704 in
The greater of t;p or t;3: tes = 0.1255 in
The lesser of t.4 or t5: te =0.1255 in

Required per UG-45 is the larger of t;1 or t;g = 0.2766 in
Available nozzle wall thickness new, t, = 0.875%0.337 = 0.2949 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)
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L/Dy = 19.4512/45 = 43225
Do/t = 45/0.0267 = 168.8481
From table G: A = 0.000134
From table HA-3: B = 1,899.5408 psi
P, = 4*B/(3*(Dy/1)
= 4*1,899.54/(3*(4.5/0.0267))
= 15psi

Design thickness for external pressure P, = 15 psi

ty = t+ Corrosion = 0.0267 +0.063 = 0.0896"
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ASME Section VIII Division 1, 2007 Edition, A09 Addenda

— «—2.788
0.3937— }—
0.5512
05512, {1 — L
T

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Calculated as hillside:

Local vessel minimum thickness:
End of nozzle to datum line:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:
Opening chord length:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Distance to head center, R:
Pad is split:

tw(lower) = 0.4685 in

14" (AO)
_ Legyy =
—3 [0.3937
Leggr =
Dy =
te=
— — 0B85 | — — —
— J"’MBBE
—— — — 7T
TOP HEAD
0 psi
SA-240 304L (11-D p. 82, In. 38)
1
SA-240 304L (II-D p. 82, In. 38)
19.6849 in

14 inch Class 150 WN A182 F304L
SA-193 B7 Bolt <=2 1/2 (1I-D p. 348, In. 33)
-55°F

0 psi

185 psi @ 250°F

230 psi @ 68°F

350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

Spot UW-11(b) Type 1
125°

Yes

0.4685 in

174.0157 in

12.8976 in

0.5512 in

0.063 in

13.128 in

12.5519in

17.5519 in

5.6693 in

No

0.3937 in

Yw(upper) = 0.5512 in

0.3937 in

19.6849 in

0.5512 in
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =50 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.8491 8.808 14.474310.9503 | -- 13.0734] 0.31 0.3106 0.5512

UG-41 Weld Failure Path Analysis Summary (lby)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load Path 2-2 Weld load | Path 3-3
w Wi, strength W, strength Wi strength

-54,983.21 172,372.41 1 220,742.16 1 25,070.46 | 330,842.94 ] 78.984.36 ] 209,819

UW-16 Weld Sizing Summary
Weld description Requirseidz:v(ei:]c; Actuszil;xei:ld) Status
Nozzle to pad fillet (Legy;) 0.25 0.2756 | weld size is adequate
Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate
Nozzle to pad groove (Upper) 0.3417 0.5512 | weld size is adequate

Calculations for internal pressure 50 psi @ 250 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.15951).
Pad Impact test exempt per UHA-51(g)(coincident ratio = 0.15951).

Parallel Limit of reinforcement per UG-40
L = MAX(A Ry +(t-Cp) +(t-C)
= MAX(13.128, 6.564 + (0.5512 - 0.063) + (0.4685 - 0.063))

= 13.128 in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN(2.5%(t - C), 2.5%(ty - Cp) + te)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.5512 - 0.063) +0.5512)
= 1.0138 in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sy*E - 0.6*P)
= 50%6.5118/(16,700*1 - 0.6*50)
= 0.019in

Required thickness t,. from UG-37(a)(c)

t P*K*D / (2*S*E - 0.2*P)
= 50%0.8976*48.1181/(2*16,700*1 - 0.2¥50)

= 0.0647 in

Area required per UG-37(c)
Allowable stresses: S, = 16,700, S, = 16,700, Sp =16,700 psi
fip =lesserof L or S, /Sy =1
fio=lesserof lor S, /S, =1

fi3 = lesser of fip or S, /Sy =1



ITEM NO. DR 1064 / 2064

fr4 = lesser of 1 or Sp /Sy =1

A = A¥t*F + 2% 4t 4FH(L - )
13.128%0.0647%1 + 2*0.4882%0.0647*1%(1 - 1)
0.8491 in2

Area available from FIG. UG-37.1

A = larger of the following= 4.4743 in2

= d*(E*t- F*p) - 2%t * (B *t - F*tp)*(1 - f)
= 13.128%(1*0.4055 - 1¥0.0647) - 2#0.4882%(1*0.4055 - 1¥0.0647)*(1 - 1)
= 4.4743 in2

= 2¥(t + to) (B ¥t - F¥tp) - 2%, (B *t - F*tp)*(1 - fyy)
= 2%(0.4055 + 0.4882)*(1*0.4055 - 1*¥0.0647) - 2*0.4882*(1*0.4055 - 1*0.0647)*(1 - 1)
= 0.6092 in2

A, = smaller of the following= 0.9503 in2

= 5*(tn - t)* o™t
= 5%(0.4882 - 0.0195)*1*0.4055
= 0.9503 in2

= 2*(111 - tm)*(zj*tn + te)*fr2
= 2%(0.4882 - 0.0195)%(2.5%0.4882 + 0.5512)*1
= 1.6607 in2

Ayl = TLeg?*fy
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 0.39372%1
= 0.155 in2

As = (Dp - d - 2%tn)*te iy
= (19.6849 - 14.1089)*0.5512%1
= 3.0734 in2

Arca = Ap+Ay+ Ay Ay + A5
= 4.4743 +0.9503 +0.155 +0.155 + 3.0734
= 8.808 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t,, or t = 0.4882 in
te(min) = lesser of 0.25 or 0.7*tyin = 0.25 in

fe(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4055 in
ty(min) = 0.5*tpjp = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VI1I-1-83-66 has been applied.

Wall thickness per UG-45(a): ;1 = 0.3106 in (E =1) (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(1): trp =0.1348 in

Wall thickness per UG-16(b): 43 =0.1255 in
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Standard wall pipe per UG-45(b)(4): tr4 = 0.3911 in
The greater of t,5 or t;3: ts =0.1348 in
The lesser of t4 or t5: tyg = 0.1348 in

Required per UG-45 is the larger of t, or t,g = 0.3106 in
Available nozzle wall thickness new, t, = 0.5512 in

The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension: 0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7%16,700 = 11,690 psi
Inner fillet weld in shear: 0.49%16,700 = 8,183 psi
Outer fillet weld in shear: 0.49%16,700 = 8,183 psi
Upper groove weld in tension: 0.74*16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(n/2)*Nozzle OD*Leg*S; = (1 /2)*14*0.3937*8,183 = 70,847.87 Ibp

(2) Outer fillet weld in shear
(n/2)*Pad OD*Leg*S, = (7 /2)*19.6849*0.3937*8,183 = 99,616.57 Ibg

(3) Nozzle wall in shear
(n / 2)*Mean nozzle dia*t,*S, = (n /2)*13.5118*0.4882*11,690 = 121,125.59 Ibg

(4) Groove weld in tension
(m/2)*Nozzle OD*t,*S, = (m /2)*14*0.4055*12,358 = 110,202.44 Ibg

(6) Upper groove weld in tension
(n / 2)*Nozzle OD*tW*Sg =(m/2)*14%0.5512%12,358 = 149,792.63 lbp

Loading on welds per UG-41(b)(1)

W= (A-A 25 *(E - FRR)RSy
= (0.8491 -4.4743 + 2*0.4882* 1 *(1*0.4055 - 1¥0.0647))*16,700
= -54,983.21 1bg

Wi = (Ax+As+Ag +A)*Sy
= (0.9503 +3.0734 + 0.155 + 0.155)*16,700
- 72,372.41 Ibg

Wao = (Ap + Az +Ag) +Agz + 2% *t* 1 )*Sy
= (0.9503 + 0 +0.155 + 0 +2*0.4882%0.4055*1)* 16,700
= 2507046 Ibs

W33 = (A + Az +As+ Agy +Agp + Ay + 2% * 14 )*Sy
= (0.9503 + 0 +3.0734 +0.155 +0.155 + 0 + 2%0.4882*0.4055*1)*16,700
= 78,984.36 Ibg

Load for path 1-1 lesser of W or W1 =-54983.21 lbg
Path 1-1 through (2) & (3) = 99,616.57 + 121,125.6 = 220,742.16 lbg
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or Wy 5 = -54983.21 lby
Path 2-2 through (1), (4), (6) = 70,847.87 + 110,202.4 + 149,792.6 = 330,842.94 lby
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3_3 =-54983.21 b
Path 3-3 through (2), (4) = 99,616.57 + 110,202.4 = 209,819 Ibg
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Applied Loads

Radial load: P.= -3,668.51bp
Circumferential moment: M| =373,049.91 Ibgin
Circumferential shear: Vo= 7,350.221b¢
Longitudinal moment: ~ M3 =373,049.91 lby-in

Longitudinal shear: Vi= 7,350.221b¢
Torsion moment: M; =263,773.56 Ibg-in
Internal pressure: P= 50 psi
Head yield stress: Sy= 20,200 psi

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius Ry, = 43.6746 in

U=r4/8qr(Ry,*t) =2.326>2.2s0 let U=2.2
Pressure stress intensity factor, I = 1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =2,680 psi

Maximum combined stress (P +P+Q) = 47,727 psi

Allowable combined stress (P +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P, +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P, ) = 12,336 psi
Allowable local primary membrane stress (P;) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.022 491 491 491 491 491 491 491 491
SR-2 0.01 1,339 ] -1,339] 1,339 -1,339 1,339 -1,339 ] 1,339 -1,339
SR-3* 0.017 0 0 0 o) -9,165]1-9,165] 9,165] 9,165
SR-3 0.0105 0 0 0 0| -33,963 | 33,963 | 33,963 | -33,963
SR-3* 0.017| -9,165] 9,165} 9,165 9,165 0 0 0 0
SR-3 0.0105 | -33,963 | 33,963 | 33,963 | -33,963 0 0 0 0
Pressure stress* 2,680 | 2,680 2,680 2,680 2,680 | 2,680 2,680 2,680
Total O, stress -38,618 | 26,630 | 47,638 | -22,966 | -38,618 | 26,630 | 47,638 | -22,966
Membrane Oy stress* | -5994 | -5,994 | 12,336 | 12,336 ]| -5,994 | -5,994 | 12,336 | 12,336
SR-2* 0.0066 147 147 147 147 147 147 147 147
SR-2 0.003 402 -402 402 -402 4021 -402 402 -402
SR-3* 0.005 0 0 0 O 2,695 -2,695] 2,695] 2,695
SR-3 0.0032 0 0 0 0]-10,351 10,351 | 10,351 | -10,351
SR-3* 0.005 | -2.695] -2,695] 2,695 2,695 0 0 0 0
SR-3 0.0032 | -10,351 | 10,351 | 10,351 | -10,351 0 0 0 0
Pressure stress* 2,680 2,680 2,680 2,680 2,680 | 2,680 2,680 2,680
Total Oy stress -9.817 110,081 | 16,275 -5231] -9,817]10,081 | 16,275 -5,231
Membrane Oy stress* 132 132] 5,522 5,522 132 132 5,522 5,522
Shear from M, 1,081 1,081 1,081 1,081 1,081 1,081 1,081 1,081
Shear from V, 0 0 0 0 -589 -589 589 589
Shear from V, 589 589 -589 -589 0 0 0 0
Total Shear stress 1,670 | 1,670 492 492 492 4921 1,670 1,670

Combined stress

(P+P,+Q) -38,715 | 26,797 | 47,646 | -22,980 | -38,626 | 26,645 | 47,727 | -23,122

Notes: (1) * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Mean dish radius Ry, = 43.6746 in

U =1,/ Sqr(Ry*t) = 1.083
Pressure stress intensity factor, I = 0.54842 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =1,470 psi

Maximum combined stress (P, +P,+Q) = 31,237 psi

Allowable combined stress (P, +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P; +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P) = 6,108 psi
Allowable local primary membrane stress (Py) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.0606 243 243 243 243 243 243 243 243
SR-2 0.0318 765 -765 765 -765 765 765 765 -765
SR-3* 0.0697 0 0 0 O -4395]-4395] 4395] 4395
SR-3 0.0642 0 0 0 0| -24,289 | 24,289 | 24,289 | -24,289
SR-3* 0.0697 | -4.395| -4.395| 4.395] 4,395 0 0 0 0
SR-3 0.0642 | -24,289 | 24,289 | 24,289 | -24,289 0 0 0 0
Pressure stress* 1,470 | 1,470 1470 1,470 1,470 14701 1,470 1,470
Total O, stress 26,206 | 20,842 | 31,162 | -18,946 | -26,206 | 20,842 | 31,162 | -18,946
Membrane Oy stress* | -2,682 | -2,682 ] 6,108 6,108 | -2,682] -2,682| 6,108 6,108
SR-2* 0.0187 75 75 75 75 75 75 75 75
SR-2 0.0096 231 -231 231 -231 231 -231 231 -231
SR-3* 0.021 0 0 0 Of -1,324 ) -1,324 | 1,324 1,324
SR-3 0.0194 0 0 0 0 -7,340) 7,340 7,340 -7,340
SR-3* 0.021 | -1,324] -1,324] 1324 1,324 0 0 0 0
SR-3 0.0194 ] -7.340| 7,340 7.340] -7,340 0 0 0 0
Pressure stress* 1,470 1,470 1,470 1,470) 1,470 1,470 1,470 1,470
Total Oy stress -6,888 | 7,330 10,440 -4,702] -6,888] 7,330 10,440 | -4,702
Membrane Oy stress* 221 2211 2.869 2,869 221 221 | 2,869 2,869
Shear from M 896 896 896 896 896 896 896 896
Shear from V; 0 0 0 0 =349 -349 349 349
Shear from V, 349 349 -349 -349 0 0 0 0
Total Shear stress 1,245 1,245 547 547 547 547| 1,245 1,245

Combined stress

(P+P,+Q) 26,286 | 20,956 | 31,176 | -18,967 | -26,221 | 20,864 | 31,237 | -19,054

Notes: (1) * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Longitudinal stress in the nozzle wall due to internal pressure + external loads
On (Pm) = P*R; / (2%ty) - P/ (T*(Ry2 - Ri2)) + M*R,, /1
=50%6.5118 / (2*0.4882) - -3,668.5 / (1*(72 - 6.51182)) + 527,572.3*7 / 473.5381
= 8,309 psi
The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i IS = 16,700 psi)
Shear stress in the nozzle wall due to external loads
Oshear = (VL2 + V203 / (1*Ri*ty)
=(7,350.222 + 7,350.222)0.5 / (n*6.5118*0.4882)
= 1,041 psi
Storsion = M/ (2*T*R2*t,)

=263,773.6 / (2*1%6.51182%0.4882)
=2,028 psi

Gtotal = Oshear + Otorsion
=1,041 +2,028
= 3,069 psi

UG-45(c): The total combined shear stress (3,069 psi) is below than the allowable (0.7*S,, = 0.7*16,700 = 11,690 psi)

% Forming strain - UHA-44(a)(2)(a)
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EFE = (50*t/Rp)*(1 - Rp/Ry)
= (50%0.5512 / 6.7244)*(1 - 6.7244 / YZ)
= 4.0984%
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Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe = 15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.8284 | 7.9348 13.6665]0.8849 | -- 13.0734] 0.31 0.301 0.5512

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (in) size (in) Status

Weld description

Nozzle to pad fillet (Legy;) 0.25 0.2756 | weld size is adequate

Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate

Nozzle to pad groove (Upper) 0.3417 0.5512 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40

Lp = MAX(d, Ry + (1 - Cp) + (t- C))
= MAX(13.1279, 6.564 + (0.5512 - 0.063) + (0.4685 - 0.063))
= 13.1279 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5¥(t-C),2.5%t,- Cp) + o)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.5512 - 0.063) + 0.5512)
= 1.0138 in

Nozzle required thickness per UG-28 t,;, = 0.0517 in

From UG-37(d)(1) required thickness t. = 0.1262 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, Sy = 16,700, S;, = 16,700 psi
frp =lesserof 1or S, /S, =1

frg =lesserof 1 or S,/ Sy =1

fi3 = lesser of fip or S, /S = 1

fr4 = lesser of L or Sy /Sy =1

A = 05%(d*F + 2%, 4 Fx(1 - £p))

0.5%(13.1279*0.1262*1 + 2*0.4882*0.1262* 1 *(1 - 1))
0.8284 in2

Area available from FIG. UG-37.1

Ay = larger of the following= 3.6665 in2

d*(E*- FAy) - 2% (B - FAp*(1 - )
13.1279%(1*0.4055 - 1#0.1262) - 2%0.4882*(1*0.4055 - 1¥0.1262)*(1 - 1)
3.6665 in2
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- 2%(t + 1) *(B1 ¥t - F¥t;) - 2%t *(Ey *t - F¥t,)*(1 - f1)
= 2%(0.4055 + 0.4882)*(1*0.4055 - 1¥0.1262) - 2%0.4882%(1%0.4055 - 1¥0.1262)*(1 - 1)
= 0.4992 in2

A, = smaller of the following= 0.8849 in2

= 5*011 - tm)’kfrfkt
= 5%(0.4882 - 0.0517)*1%0.4055
= 0.8849 in2

= 2%(tn - t)*(2.5%ty + t0)*fip

= 2%(0.4882 - 0.0517)%(2.5%0.4882 + 0.5512)*1
= 1.5465 in2

Ag = Leg¥*fig
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 0.39372*1
= 0.155 in2

As = (Dyp - d - 2%t *te*fiy
= (19.6849 - 14.1089)*0.5512*1
= 3.0734 in2

Area = A+ Ar+ Ay + A+ A5
= 3.6665 +0.8849 +0.155 +0.155 +3.0734
= 7.9348 in2

As Area >= A the reinforcement is adequate.

UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t,, or to = 0.4882 in
te(min) = lesser of 0.25 or 0.7*tj, = 0.25 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t =0.4055 in
tw(min) = 0-5%tmjn = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VIII-1-83-66 has been applied.

Wall thickness per UG-45(a): tr] = 0.301 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): tp = 0.0845 in
Wall thickness per UG-16(b): t3=0.1255in
Standard wall pipe per UG-45(b)(4): trg = 0.3911 in
The greater of t,5 or t;3: ts = 0.1255 in
The lesser of t.4 or t5: te =0.1255 in

Required per UG-45 is the larger of t.j or t,q = 0.301 in
Available nozzle wall thickness new, t, = 0.5512 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/D, = 193353/14 = 13811
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Do/t = 14/0.0517 = 270.5865
From table G: A = 0.000216
From table HA-3: B = 3,044.1375 psi

Py

4*B/ (3*(D,y / 1)
4*3,044.14 / (3*(14/0.0517))
15 psi

Design thickness for external pressure P, = 15 psi

ta = t+ Corrosion = 0.0517 +0.063 = 0.1147"
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ASME Section VIII Division 1, 2007 Edition, A09 Addenda

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:

Nozzle material specification:
Nozzle longitudinal joint efficiency:
Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

24" (BB)
tw(lower) = 0.5512 in
Legq1 = 0.3937in
—0.3937
o e
0.551 2\L |
i f
=
SHELL
2.235 psi
SA-182 F304L <=5 (1I-D p. 82, In. 34)

1

24 inch Class 150 LWN A182 F304L
SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

1.7953 psi

185 psi @ 250°F
230 psi @ 68°F
350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

45°

0.5512'in

30 in

34.0157 in

24 in

1.125 in

0.063 in

7.5885 in
9.4685 in
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =52.24 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 Ar | As]As welds freq tmin
1.2126 | 7.6345 |4.9795 2.5 - | - ]0.155 0.1008 1.125

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

L. Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy1) 0.25 0.2756 | weld size is adequate

Calculations for internal pressure 52.24 psi @ 250 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.15443).

Parallel Limit of reinforcement per UG-40

L = MAX(d, Ry + (1 - Cp) + (t-C))
= MAX(24.126, 12.063 + (1.125 - 0.063) +(0.5512 - 0.063))
= 24126in

Outer Normal Limit of reinforcement per UG-40

Ly =  MINQS*t-C),2.5%(ty - Cp) + t)
= MIN(2.5%(0.5512 - 0.063), 2.5%(1.125 - 0.063) + 0)
= 1.2205 in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sp*E - 0.6*P)
= 52235%12.063/(16,700*1 - 0.652.235)
= 0.0378in

Required thickness t, from UG-37(a)

t = P*R /(S*E - 0.6*P)
= 52.235%24.0591 / (16,700*1 - 0.6*52.235)
= 0.0754 in

Area required per UG-37(¢c)

Allowable stresses: S, = 16,700, Sy, = 16,700 psi
fi1 =lesserof L or S, /Sy =1

fip=lesserof l or S, /S, =1

A = d*t¥F + 2%t %t *FH( - £})

24.126%0.0754%1 +2*1.062*0.0754*1*(1 - 1)
1.8189 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 9.959 in2



ITEM NO. DR 1064 / 2064

= d*(Ep - Fy) - 2% * (B *t - Fri)*(1 - fip)
= 24.126%(1*0.4882 - 1%0.0754) - 2%1.062*(1%0.4882 - 1*0.0754)*(1 - 1)
= 9.959 in2

= 2%(t + tn)*(Ey *t - F¥tp) - 2%t (B "t - F*tp)*(1 - fyy)
= 2%(0.4882 + 1.062)*(1*0.4882 - 1¥0.0754) - 2#1.062%(1*0.4882 - 1¥0.0754)*(1 - 1)
= 1.2798 in2

A, = smaller of the following= 2.5 in2

= 5*(tn - t)* 2™t
= 5%(1.062 - 0.0378)*1*0.4882
= 2.5 in?

= 5*(tn - tm)*fr2*ty

= 5%(1.062 - 0.0378)*1%1.062
= 5.4386 in2

Ay = Leg¥*fy
= 0.39372*1
= 0.155 in2

Area = Apt Ayt Ay
= 9.959 +2.5+0.155
= 12.614 in2

As Area >= A the reinforcement is adequate.
UW-16(c) Weld Check

Fillet weld: tyi, = lesser of 0.75 or t, or t = 0.4882 in
te(min) = lesser of 0.25 or 0.7*tpj, = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check (Access Opening)

Wall thickness req'd per UG-45(a): t;| = 0.1008 in (E =1)
Auvailable nozzle wall thickness new, t, = 1.125 in

The nozzle neck thickness is adequate.
Check the opening per Appendix 1-7

Area required within 75 percent of the limits of reinforcement
=2/3*A=(2/3)*1.8189 = 1.2126 in?

Area that is within 75 percent of the limits of reinforcement is:

Aj = larger of 1.2798 or

= (2*limits - d)*(Ep*t - F*t,) - 2%, *(E1 ¥t - F*t)*(1 - f)
= (2*18.0945 - 24.126)*(1*0.4882 - 1#0.0754) - 2*1.062*(1*0.4882 - 1¥0.0754)*(1 - 1)
= 4.9795 in2
Area = Al +Ary+A3+Ay tApp+ A3 HAS
= 4.9795+25+0+0.155+0+0+0
= 7.6345 in2
The area placement requirements of Appendix 1-7 are satisfied.

The opening is not within the size range defined by 1-7(b)(1)(a) and (b) so it is exempt from the requirements of 1-7(b)(2),(3) and (4).
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R, / R ratio does not exceed 0.7 so a U-2(g) analysis is not required per 1-7(b)(1)(c).
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Reinforcement Calculations for External Pressure
UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe =15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 Azl As welds freq tmin
2.0423 5416 12.8255]24355) -] - ]0.155 0.1272 1.125

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

L. Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy1) 0.25 0.2756 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F

Parallel Limit of reinforcement per UG-40

Lr =

MAX(d, Ry + (tg - Cp) + (L - ©))
MAX(24.126, 12.063 + (1.125 - 0.063) + (0.5512 - 0.063))
24.126 in

Outer Normal Limit of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t, - Cpy) + te)
MIN(2.5%(0.5512 - 0.063), 2.5%(1.125 - 0.063) + 0)
1.2205 in

Nozzle required thickness per UG-28 t,, = 0.0642 in

From UG-37(d)(1) required thickness t. = 0.254 in

Area required per UG-37(d)(1)

Allowabl

e stresses: S, = 16,700, S, = 16,700 psi

frp =lesserof L or S, /Sy =1

frp=lesserof 1 or S, /S, =1

A

0.5%(d* G5 + 25 * 2 F*(1 - )
0.5%(24.126%0.254% 1 +2%1.062*0.254* 1*(1 - 1))
3.0634 in2

Area available from FIG. UG-37.1

A = larger of the following= 5.6511 in2

AH(E "= FHt) - 29, (B *t- FA*(1 - 1)
24.126*(1*0.4882 - 1*0.254) - 2*1.062*%(1*0.4882 - 1*0.254)*(1 - 1)
5.6511 in2

25t + ) (Bt PR - 285 (B 5 FE)R(1 - fyp)

2%(0.4882 + 1.062)*(1*0.4882 - 1*0.254) - 2*1.062*(1*0.4882 - 1*0.254)*(1 - 1)

0.7262 in?

A, = smaller of the following= 2.4355 in2
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= 5*(111 - tm)*frz*t
= 5%(1.062 - 0.0642)*1*0.4882
= 2.4355 in2

= 5*(tn - trn)*frZ*"n
= 5%(1.062 - 0.0642)*1*1.062
= 5.2984 in2

Ayl = LegPfy
= 0.39372*1
= 0.155 in2

Areca = A +Ary+Ay
= 5.6511 +2.4355+0.155
= 8.2416 in2

As Area >= A the reinforcement is adequate.
UW-16(c) Weld Check

Fillet weld: ty;, = lesser of 0.75 or t, or t = 0.4882 in
te(min) = lesser of 0.25 or 0.7*t;, = 0.25 in

te(actual) = 0.7%Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-¢).

UG-45 Nozzle Neck Thickness Check (Access Opening)

Wall thickness req'd per UG-45(a): ty) = 0.1272 in
Available nozzle wall thickness new, t, = 1.125 in

The nozzle neck thickness is adequate.
Check the opening per Appendix 1-7

Area required within 75 percent of the limits of reinforcement
=2/3%A =(2/3)*3.0634 =2.0423 in2

Area that is within 75 percent of the limits of reinforcement is:

A = larger of 0.7262 or

= (2*limits - d)*(Eq *t - F¥t,) - 2%, *(E ¥t - F¥t)*(1 - f1)
= (2%18.0945 - 24.126)*(1%0.4882 - 1¥0.254) - 2%1.062%(1*0.4882 - 1¥0.254)*(1 - 1)
= 2.8255 in2

Area = A +Ar+ A3+ A4 tAp+ A3 T A5
= 2.8255+2.4355+0+0.155+0+0+0
= 5.416 in2

The area placement requirements of Appendix 1-7 are satisfied.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/D, = 13272/2625 = 0.5056
Do/t = 2625/0.0642 = 408.8524
From table G: A = 0.000327
From table HA-3: B = 4,599.5483 psi
P, = 4*B/(3*%(D, /1)
= 4%4,599.55/(3%(26.25/0.0642))
= 15psi

Design thickness for external pressure P, = 15 psi
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t+ Corrosion = 0.0642 +0.063 = 0.1272"
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18" (BJ)
ASME Section VIII Division 1, 2007 Edition, A09 Addenda

tw(lower) = 0.5512 in
— _& B8.176 Legq1 = 0.3937in
0.3937—— —H 0.3937 tw(upper) = 0.5512 in
Legar = 0.3937in
Dy = 34252 in
0.5512 te= 0.5512 in

0.5512) || __Jfﬂ@"? o

] 2 0.5512
| f— |

T——— —F———0

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:

Nozzle material specification:

Nozzle longitudinal joint efficiency:
Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (c) = -55 °F)
Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:

Gasket Description:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Pad is split:

SHELL

0.1993 psi

SA-240 304L (11-D p. 82, In. 38)

1

SA-240 304L (II-D p. 82, In. 38)

34.252 in

18 inch Class 150 WN A 182 F304L

SA-193 B7 Bolt <=2 1/2 (1I-D p. 348, In. 33)
-55°F

0 psi

185 psi @ 250°F

230 psi @ 68°F

350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

Spot UW-11(b) Type 1
180°

0.5512 in

82.0079 in

37.0079 in

16.8976 in

0.5512 in

0.063 in

6.9606 in

12.4606 in

No
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =50.2 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
1.2334 1 17.2062 1 7.0772 | 1.1291 | -- ] 8.8449 1 0.155 0.1805 0.5512

UG-41 Weld Failure Path Analysis Summary (Ibg)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load Path 1-1 Weld load | Path 2-2 | Weld load Path 3-3
W Wi strength W, strength Wi; strength

-90,813.41169,154.94 1 330,317.47 | 29,404.51 | 454,258 | 177,114.98 | 343,911.59

UW-16 Weld Sizing Summary
Weld description Requirseidz:v(ei:]c; Actuszil;xei:ld) Status
Nozzle to pad fillet (Legy;) 0.25 0.2756 | weld size is adequate
Pad to shell fillet (Legy,) 0.2441 0.2756 | weld size is adequate
Nozzle to pad groove (Upper) 0.3417 0.5512 | weld size is adequate

Calculations for internal pressure 50.2 psi @ 250 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.14841).
Pad Impact test exempt per UHA-51(g)(coincident ratio = 0.14841).

Parallel Limit of reinforcement per UG-40
L = MAX(A Ry +(t-Cp) +(t-C)
= MAX(17.0236, 8.5118 + (0.5512 - 0.063) + (0.5512 - 0.063))

= 17.0236 in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN(2.5%(t - C), 2.5%(ty - Cp) + te)
= MINQ.5%(0.5512 - 0.063), 2.5%(0.5512 - 0.063) + 0.5512)
= 1.2205 in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sy*E - 0.6*P)
= 50.1993*8.5118/(16,700*1 - 0.6*50.1993)
= 0.025in

Required thickness t,. from UG-37(a)

t

P*R /(S*E - 0.6*P)
= 50.1993*24.0591 / (16,700*1 - 0.6*50.1993)
0.0725 in

Area required per UG-37(c)
Allowable stresses: S, = 16,700, S, = 16,700, Sp =16,700 psi
fip =lesserof L or S, /Sy =1
fio=lesserof lor S, /S, =1

fi3 = lesser of fip or S, /Sy =1
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fr4 = lesser of 1 or Sp /Sy =1

A = A¥tFF + 2% 4t 4P - fpp)
17.0236%0.0725*1 + 2%0.4882*%0.0725*1%(1 - 1)
1.2334 in2

Area available from FIG. UG-37.1

A = larger of the following= 7.0772 in?

= d*(E*t- F*p) - 2%t * (B *t - F*tp)*(1 - f)
= 17.0236%(1%0.4882 - 1¥0.0725) - 2#0.4882%(1*0.4882 - 1*0.0725)*(1 - 1)
= 7.0772 in2

= 2¥(t + to) (B ¥t - F¥tp) - 2%, (B *t - F*tp)*(1 - fyy)
= 2%(0.4882 + 0.4882)*(1*0.4882 - 1¥0.0725) - 2*0.4882%(1%0.4882 - 1*0.0725)*(1 - 1)
= 0.8118 in2

A, = smaller of the following= 1.1291 in2

= 5*(tn - t)* o™t
= 5%(0.4882 - 0.0256)*1*0.4882
= 1.1291 in2

= 2*(111 - tm)*(zj*tn + te)*fr2
= 2%(0.4882 - 0.0256)*(2.5%0.4882 + 0.5512)*1
= 1.6391 in2

Ayl = TLeg?*fy
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 02%]
= 0in2

(Part of the weld is outside of the limits)

As = (Dp - d - 2% oMy
= (34.0472 - 17.0236 - 2*0.4882)*0.5512*1
= 8.8449 in2
Area = At Ayt Ay tAptAs
= 7.0772 + 1.1291 + 0.155 + 0 + 8.8449
= 17.2062 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t,, or te = 0.4882 in
te(min) = lesser of 0.25 or 0.7ty = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4882 in
tw(min) = 0-5*tyin = 0.2441 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check
Wall thickness per UG-45(a): ;1 = 0.1805 in (E =1) (pressure plus external loads govern in longitudinal direction)

Wall thickness per UG-45(b)(1): trp =0.1355 in
Wall thickness per UG-16(b): 43 =0.1255 in
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Standard wall pipe per UG-45(b)(4): tr4 = 0.3911 in
The greater of t,5 or t;3: ts = 0.1355 in
The lesser of tyy or tys: trg =0.1355 in

Required per UG-45 is the larger of t; or t,g = 0.1805 in
Available nozzle wall thickness new, t, = 0.5512 in

The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension: 0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7%16,700 = 11,690 psi
Inner fillet weld in shear: 0.49%16,700 = 8,183 psi
Outer fillet weld in shear: 0.49%16,700 = 8,183 psi
Upper groove weld in tension: 0.74*16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(n /2)*Nozzle OD*Leg*S; = (1 / 2)*18%0.3937*8,183 = 91,090.11 Ibg

(2) Outer fillet weld in shear
(n/2)*Pad OD*Leg*S, = (7 /2)*34.252*0.3937*8,183 = 173,334.19 Ibg

(3) Nozzle wall in shear
(n / 2)*Mean nozzle dia*t,*S, = (n /2)*17.5118*0.4882*11,690 = 156,983.28 Ibs

(4) Groove weld in tension
(m/2)*Nozzle OD*t,,*S, = (m /2)*18*0.4882*12,358 = 170,577.41 lbg

(6) Upper groove weld in tension
(n / 2)*Nozzle OD*tW*Sg =(n/2)*18%0.5512%12,358 = 192,590.5 lby

Loading on welds per UG-41(b)(1)

W= (A A2 RE M FR))SS,
= (1.2334-7.0772 + 2*0.4882* | *(1*0.4882 - 1*0.0725))*16,700
= -90,813.4 by

Wi = (Ax+As+Ag +A)*Sy
= (1.1291 + 8.8449 + 0.155 + 0)*16,700
- 169,154.9 Ibg

Wao = (Ap + Az +Ag) +Agz + 2% *t* 1 )*Sy
= (1.1291 + 0 + 0.155 + 0 + 2*0.4882*%0.4882*1)* 16,700
= 29,404.51 Ibg

W33 = (A + Az +As+ Agy +Agp + Ay + 2% * 14 )*Sy
= (1.1291 + 0 + 8.8449 +0.155 + 0 + 0 + 2*0.4882%0.4882*1)* 16,700
177,115 Ibg

Load for path 1-1 lesser of W or Wy_; =-90813.4 lbp
Path 1-1 through (2) & (3) = 173,334.2 + 156,983.3 = 330,317.47 lbg
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or Wy_» =-90813.4 Ibg
Path 2-2 through (1), (4), (6) = 91,090.11 + 170,577.4 + 192,590.5 = 454,258 lb¢
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3_3=-90813.4 Ibp
Path 3-3 through (2), (4) = 173,334.2 + 170,577.4 = 343,911.59 Ibg
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Applied Loads

Radial load: P.= -4,742.151bp
Circumferential moment: M¢ =269,154.91 Ibg-in
Circumferential shear: Vo= 5,809.19 Ibg
Longitudinal moment: M, =269,154.91 lby-in

Longitudinal shear: VL= 5,809.19Ibg
Torsion moment: M =380,514.41 lbg-in
Internal pressure: pP= 50.199 psi
Mean shell radius: Ry = 243032in
Local shell thickness: t= 0.4882 in
Shell yield stress: Sy= 20,200 psi

Maximum stresses due to the applied loads at the pad edge (includes pressure)

Ry, /t=24.3032/0.4882 = 49.7831
Pressure stress intensity factor, I = 1 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I*P*R; / t =2,474 psi
Local longitudinal pressure stress = [*P*R; / (2*t) =1,237 psi

Maximum combined stress (P +P,+Q) = 38,476 psi
Allowable combined stress (P, +P,+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P;) = 9,221 psi
Allowable local primary membrane (P ) = +-1.5*S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value ] Ay A B, By Cy C D, Dy
3C* 1.0291 0.6166 0 0 0 0 411 411 411 411
4C* 2.9914 0.6166 1 1,196 ] L,196| 1,196] 1,196 0 0 0 0

1C 0.062 0.6166 0 0 0 0 74020 -7402] 7402 -7,402
2C-1 0.0049 0.6166 585 -585 585 -585 0 0 0 0
3A* 0.978 0.6166 0 0 0 o -1481] -1.481] 1.481] 1,481

1A 0.059 0.6166 0 0 0 0] -26,680 ] 26,680 | 26,680 | -26,680
3B* 1.5968 0.6166 | -2,417 | -2,417| 2,417 2.417 0 0 0 0
1B-1 0.0068 0.6166 | -3,075 ] 3,075 | 3,075 -3.075 0 0 0 0

Pressure stress* 2474 ) 2474 2474 2474 2474 2474 2474 2474
Total circumferential stress -1,237) 3,743 | 9,747 2,427]-17,874 | 20,682 | 38,448 | -29,716

Primary membrane circumferential stress* | 1,253 | 1,253 6,087 | 6.087 1,404 1,404 | 4366 4,366

3C* 1.0291 0.6166 411 411 411 411 0 0 0 0
4C* 2.9914 0.6166 0 0 0 0 L196 ] 1.196] 1,196 1,196
1C-1 0.0107 0.6166 | 1,277 -1,277 | 1,277 |-1.277 0 0 0 0
2C 0.03 0.6166 0 0 0 0] 3,582 -3.582| 3,582 -3,582
4A%* 4.4837 0.6166 0 0 0 0] -6,788] -6,788 | 6,788 6,788
2A 0.0236 0.6166 0 0 0 01]-10,672 110,672 ] 10,672 | -10,672
4B* 0.9971 0.6166 | -1,510 | -1,510 | 1,510 L1510 0 0 0 0
2B-1 0.0138 0.6166 | -6,240 | 6,240 | 6,240 | -6,240 0 0 0 0
Pressure stress* 1,237 1,237 1,237 1,237 1,237 1,237 1,237 1,237

Total longitudinal stress -4,825 1 5,101 | 10,675 | -4,359 | -11,445 ] 2,735]23,475] -5,033
Primary membrane longitudinal stress* 138 138 3,158 3.158] -4,355| -4,355] 9,221 9,221
Shear from M, 423 423 423 423 423 423 423 423

Circ shear from V, 221 221 =221 =221 0 0 0 0

Long shear from V, 0 0 0 0 -221 <221 221 221

Total Shear stress 644 644 202 202 202 202 644 644
Combined stress (P,+P,+Q) -4,937 1 5,358 110,717 | 6,798 | -17,880 | 20,684 | 38,476 | -29,733

Note: * denotes primary stress.
Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Ry /t=24.3032/1.0394 = 23.3828

Pressure stress intensity factor, I = 1.19888 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I*P*R; / t =2,966 psi
Local longitudinal pressure stress = [*P*R; / (2*t) =1,483 psi

Maximum combined stress (P, +P+Q) = 20,126 psi
Allowable combined stress (P, +P+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P;) = 6,298 psi
Allowable local primary membrane (P ) = +-1.5*S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value B Ay Ay B, By Cy C D, Dy
3C* 1.6536 0.324 0 0 0 0 310 310 310 310
4C* 2.8159 0.324 529 529 529 529 0 0 0 0

1C 0.0608 0.324 0 0 0 o] 1,601]-1,601] 1.601] -1,601
2C-1 0.0231 0.324 608 -608 608 -608 0 0 0 0
3A* 1.0014 0.324 0 0 0 o] -1,355 ] -1.355| 1,355 1,355

1A 0.0752 0.324 0 0 0 0]-14,275 1 14,275 | 14,275 | -14,275
3B* 2.0719 0.324 | -2,803 | -2,803 | 2,803 ] 2,803 0 0 0 0
1B-1 0.02 0.324|-3,797] 3,797 | 3,797 -3.797 0 0 0 0

Pressure stress* 2,966 | 2,966 | 2,966 | 2,966 | 2,474 2474 2474 2474
Total circumferential stress -2,497 ) 3,881 ] 10,703 | 1,893 ] -11,245 ] 14,103 | 20,015 | -11,737

Primary membrane circumferential stress* 692 692 6,298 6.298 1,429 1.429] 4,139 4,139

3C* 1.6536 0.324 310 310 310 310 0 0 0 0
4C* 2.8159 0.324 0 0 0 0 529 529 529 529
1C-1 0.051 0.324 | 1,343 )-1,343 | 1,343]-1.343 0 0 0 0
2C 0.0306 0.324 0 0 0 0 806 -806 806 -806
4A* 2.1427 0.324 0 0 0 o] 2.899] -2.899] 2.899] 2,899
2A 0.0359 0.324 0 0 0 0] -6,815] 6815] 6815] -6,815
4B* 0.9687 0.324 | -1,311 | -1,311 1,311] 1311 0 0 0 0
2B-1 0.0365 0.3241-6,9291 6,929 | 6,929 | -6.929 0 0 0 0
Pressure stress* 1,237 1,237 1,237 1,237 1,483 1,483 1,483 1,483

Total longitudinal stress -5350 ) 5,822 | 11,130 | -5.414 | -6,896 ] 5,122]12,532] -2,710
Primary membrane longitudinal stress* 236 236 | 2,858 2.858 -887 -887 | 4911 4911
Shear from M, 719 719 719 719 719 719 719 719

Circ shear from V, 198 198 -198 | -198 0 0 0 0

Long shear from V, 0 0 0 0 -198 -198 198 198

Total Shear stress 917 917 521 521 521 521 917 917
Combined stress (P, +P,+Q) -5,619 ] 6,187 | 11,480 | 7,381 | -11,307 | 14,133 ] 20,126 | -11,829

Note: * denotes primary stress.
Longitudinal stress in the nozzle wall due to internal pressure + external loads

O (Pm) = P*Ri/ (2*ty) - Py / (T*(Ro? - R?) + M*R, /1
=50.2%8.5118 / (2%0.4882) - -4,742.15 / (n*(92 - 8.51182)) + 380,642.5%9 / 1,030.334
= 3,939 psi

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i S = 16,700 psi)
Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + ch)O-S [ (M*Ri*ty)
=(5,809.192 + 5,809.192)0-5 / (n*8.5118*0.4882)
=629 psi

Sorsion = M/ (2*T*R;2*1)
=380,514.4 / (2*n*8.51182%0.4882)
= 1,712 psi

Giotal = Oshear * Storsion
=629+ 1,712
=2,342 psi
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UG-45(c): The total combined shear stress (2,342 psi) is below than the allowable (0.7*S, = 0.7%16,700 = 11,690 psi)
% Forming strain - UHA-44(a)(2)(a)
EFE = (50%t / Rpy*(1 - R¢/ Ry)

= (50%0.5512 / 8.7244)*(1 - 8.7244 / Y)
3.1588%
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Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe =15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
2.1616 | 14.0515 | 3.9875 ] 1.0641 | -- 1 8.844910.155 0.1678 0.5512

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (in) size (in) Status

Weld description

Nozzle to pad fillet (Legy;) 0.25 0.2756 | weld size is adequate

Pad to shell fillet (Legy,) 0.2441 0.2756 | weld size is adequate

Nozzle to pad groove (Upper) 0.3417 0.5512 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40

Lp = MAX(d, Ry + (1 - Cp) + (t-C))
= MAX(17.0236,8.5118 +(0.5512 - 0.063) + (0.5512 - 0.063))
= 17.0236 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQRS5*(t-C),2.5%t, - Cy) +to)
= MINQ.5%(0.5512 - 0.063), 2.5%(0.5512 - 0.063) + 0.5512)
= 1.2205in

Nozzle required thickness per UG-28 t,;, = 0.0523 in

From UG-37(d)(1) required thickness t. = 0.254 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, Sy = 16,700, S;, = 16,700 psi
frp =lesserof 1or S, /S, =1

frg =lesserof 1 or S,/ Sy =1

fi3 = lesser of fip or S, /S = 1

fr4 = lesser of L or Sy /Sy =1

A = 05%(d*F + 2%, 4 Fx(1 - £p))

= 0.5%(17.0236*0.254*1 +2*0.4882*0.254*1*(1 - 1))
= 2.1616 in?

Area available from FIG. UG-37.1

Ay = larger of the following= 3.9875 in2

d*(E*- FAy) - 2% (B - FAp*(1 - )
17.0236*(1*0.4882 - 1#0.254) - 2%0.4882%(1%0.4882 - 1¥0.254)*(1 - 1)
3.9875 in2
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- 2%(t + 1) *(B1 ¥t - F¥t;) - 2%t *(Ey *t - F¥t,)*(1 - f1)
= 2%(0.4882 + 0.4882)*(1*0.4882 - 1¥0.254) - 2%0.4882%(1%0.4882 - 1¥0.254)*(1 - 1)
= 0.4574 in2

A, = smaller of the following= 1.0641 in2

= 5*011 - tm)’kfrfkt
= 5%(0.4882 - 0.0523)*1*0.4882
= 1.0641 in2

= 2*(tn - tm)*(z-s*tn + te)*fr2
= 2%(0.4882 - 0.0523)*%(2.5%0.4882 + 0.5512)*1
= 1.5446 in2

Ag = Leg¥*fig
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 02* 1
= 0in2

(Part of the weld is outside of the limits)

As = (Dp - d - 2%t e iy
= (34.0472 - 17.0236 - 2%0.4882)*0.5512*1
= 8.8449 in2

Area = A+ Ar+ Ay + Ay + A5
= 3.9875 + 1.0641 + 0.155 + 0 + 8.8449
= 14.0515 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t, or to = 0.4882 in
te(min) = lesser of 0.25 or 0.7*tyin = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4882 in
Uy(min) = 0.5*tip = 0.2441 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): tr] = 0.1678 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): to = 0.0846 in
Wall thickness per UG-16(b): t3=0.1255in
Standard wall pipe per UG-45(b)(4): trg = 0.3911 in
The greater of t,5 or t;3: ts = 0.1255 in
The lesser of t.4 or t5: te =0.1255 in

Required per UG-45 is the larger of t] or t;g = 0.1678 in
Available nozzle wall thickness new, t, = 0.5512 in
The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/Dy, = 14.17/18 = 0.7872
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= 344.4051
0.000275
3,874.5396 psi

Do/t = 18/0.0523
From table G: A =
From table HA-3: B =

Py

4*B/ (3*(D,y / 1)
4*3,874.54 / (3*(18 /0.0523))
15 psi

Design thickness for external pressure P, = 15 psi

%) = t+ Corrosion = 0.0523 +0.063 = 0.1153"
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112" (BH)

ASME Section VIII Division 1, 2007 Edition, A09 Addenda

0.5512

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:

Nozzle material specification:
Nozzle longitudinal joint efficiency:
Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

tw(lower) = 0.5512 in

Legg1 = 03937 in

SHELL

0.3592 psi

SA-182 F304L <=5 (II-D p. 82, In. 34)

1

1.5 inch Class 150 LWN A182 F304L
SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

0.3297 psi

185 psi @ 250°F
230 psi @ 68°F
350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

230°

0.5512'in

70 in

33.0709 in
1.6102 in
0.4744 in

0.063 in

7.8336 in
8.5236 in
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Reinforcement Calculations for Internal Pressure

UG-45 Nozzle Wall
Thickness Summary (in)
The nozzle passes UG-45

UG-37 Area Calculation Summary (in2)
For P =50.36 psi @ 250 °F

A A A
required available A A | As | As | ewas treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1529 0.4744

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate

Calculations for internal pressure 50.36 psi @ 250 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.21851).
Parallel Limit of reinforcement per UG-40
Lp = MAX(d, Ry, + (t, - Cp) + (t - C))
= MAX(1.7362, 0.8681 + (0.4744 - 0.063) + (0.5512 - 0.063))

= 1.7677 in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN@R5*t-0), 2.5, - Cp) +te)
= MINQ.5%(0.5512 - 0.063), 2.5%(0.4744 - 0.063) + 0)
= 1.0285in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sp*E-0.6*P)
= 50.3592%0.8681/(16,700%1 - 0.6*50.3592)
= 0.0026in

Required thickness t, from UG-37(a)

4 = P*R /(S*E - 0.6*P)
= 50.3592*24.0591 / (16,700*1 - 0.6%50.3592)
= 0.0727 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: t,;, = lesser of 0.75 or t,, or t = 0.4114 in

te(min) = lesser of 0.25 or 0.7*ty;, = 0.25 in

toactual) = 0.7%Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-¢).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ;1 = 0.1529 in (E =1) (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(1): to =0.1357 in
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Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2406 in
The greater of ty or ty3: tes =0.1357 in
The lesser of ty4 or t;s: tyg = 0.1357 in

Required per UG-45 is the larger of t,) or t,g = 0.1529 in
Available nozzle wall thickness new, t, = 0.4744 in

The nozzle neck thickness is adequate.



ITEM NO. DR 1064 / 2064

Applied Loads

Radial load: P.= -326.28 Ibg
Circumferential moment: M¢ =2,517.09 Ibg-in
Circumferential shear: ~ Vo= 399.04 Ibp
Longitudinal moment: ~ Mp, =2,517.09 Ib-in

Longitudinal shear: VL= 399.04 Ibg
Torsion moment: M; =3,558.64 Ibg-in
Internal pressure: P=50.359 psi
Mean shell radius: Ry = 24.3032in
Local shell thickness: t= 0.4882in
Shell yield stress: Sy =" 20,200 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Ry, /t=24.3032/0.4882 = 49.7831

Pressure stress intensity factor, I = 1.06934 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I*P*R; / t =2,654 psi
Local longitudinal pressure stress = [*P*R; / (2*t) =1,327 psi

Maximum combined stress (P, +P,+Q) = 10,580 psi
Allowable combined stress (P, +P,+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P, ) = 3,444 psi
Allowable local primary membrane (P ) = +-1.5*S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value i Ay A1 | By B; Cy C; D, Dy
3C* 9.2792 0.0461 0 0 0 0 255 255 255 255
4C* 9.5184 0.0461 262 262 262 262 0 0 0 0

1C 0.1911 0.0461 0 0 0 o] 1,570 -1,570 | 1,570 | -1,570
2C-1 0.1501 0.0461 | 1,233 | -1,233 1,233 | -1,233 0 0 0 0
3A* 0.6772 0.0461 0 0 0 of -128] -128 128 128

1A 0.105 0.0461 0 0 0 0]-5943 ] 5943 5,943]-5,943

3B* 2.7886 0.0461 =528 -528 528 528 0 0 0 0
1B-1 0.059 0.0461 | -3,340 | 3,340 ] 3,340 | -3,340 0 0 0 0

Pressure stress* 2,654 1 2,654 12,654 ] 2,654 | 2,482 | 2,482 2,482 2,482
Total circumferential stress 281 | 4,495]18,017 | -1,129 | -1,764 | 6,982 ] 10,378 | -4,648

Primary membrane circumferential stress* | 2,388 | 2,388 | 3,444 | 3,444 ] 2,609 | 2,609 | 2,865] 2.865

3C* 9.2792 0.0461 255 255 255 255 0 0 0 0
4C* 9.5184 0.0461 0 0 0 0 262 262 262 262
1C-1 0.1902 0.0461 | 1,562 -1,562 | 1,562 | -1,562 0 0 0 0
2C 0.1481 0.0461 0 0 0 of 1,217 -1,217) 1,217]-1.217

4A% 0.9282 0.0461 0 0 0 o] -176 ] -176 176 176
2A 0.0615 0.0461 0 0 0 0]-3,481 ] 3,481 | 3,481 ]-3,481

4B* 0.7208 0.0461 -137) -137 137 137 0 0 0 0
2B-1 0.1012 0.0461 | -5,728 | 5,728 | 5,728 | -5,728 0 0 0 0
Pressure stress* 1,241 0 1,241 | 1,241 ) 1,241} 1,327 | 1,327 1,327 1,327

Total longitudinal stress -2,807 ] 5,52518,923 |-5,657 | -851| 3,677 6,463 ]-2,933

Primary membrane longitudinal stress* 1,359 ) 1,359 1,633 ) 1,633 1,413 | 1,413 1,765] 1,765

Shear from M, 709 709 709 709 709 709 709 709

Circ shear from V, 203 203 -203 -203 0 0 0 0
Long shear from V, 0 0 0 o -203 -203 203 203
Total Shear stress 912 912 506 506 506 506 912 912
Combined stress (P, +P,+Q) 3,586 | 6,057 9,149 |-5,713 | -1,989 | 7,058 | 10,580 ] -5,042

Note: * denotes primary stress.
Longitudinal stress in the nozzle wall due to internal pressure + external loads

O (Pm) = P*Ri/ (2*ty) - Py / (T*(Ro? - Ri?) + M*R, /1
=50.36%0.8681 / (2*0.4114) - -326.28 / (n*(1.27952 - 0.86812)) + 3,559.7%1.2795 / 1.6591
=2,916 psi

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i S = 16,700 psi)
Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + ch)O-S [ (M*Ri*ty)
=(399.042 +399.042)0-5 / (1*0.8681*0.4114)
=503 psi

Sorsion = M/ (2*T*R;2*1)
=3,558.6 / (2*1*0.86812%0.4114)
= 1,827 psi

Giotal = Oshear * Storsion
=503 + 1,827
=2,330 psi
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UG-45(c): The total combined shear stress (2,330 psi) is below than the allowable (0.7*S,, = 0.7*16,700 = 11,690 psi)
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Reinforcement Calculations for External Pressure

- W
UG-37 Area Calculation Summary (in2) Thlii(lfntgsl\;?lz;l;l ar;l(lin)
For Pe = 15 psi @ 115 °F The nozzle passes UG-45
A A A
required available Al A | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1517 0.4744
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure
UW-16 Weld Sizing Summary
R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate
Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40
LR = MAX(d, Rn +(ty - Cn) +(t-C)
= MAX(1.7362, 0.8681 + (0.4744 - 0.063) + (0.5512 - 0.063))
= 1.7677 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5%(t-C), 2.5%t, - Cp) + 1o)
= MIN(2.5%(0.5512 - 0.063), 2.5%(0.4744 - 0.063) + 0)
= 1.0285in

Nozzle required thickness per UG-28 t,,, = 0.0136 in

From UG-37(d)(1) required thickness t. = 0.254 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: tyi, = lesser of 0.75 or t, or t =0.4114 in

te(min) = lesser 0£ 0.25 or 0.7*1pi = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t,; =0.1517 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): o = 0.0846 in
Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2406 in
The greater of t;y or t;3: ts = 0.1255 in
The lesser of t4 or t5: tyg =0.1255 in

Required per UG-45 is the larger of t or t,g = 0.1517 in

Available nozzle wall thickness new, t,, = 0.4744 in
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The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/D, = 8557/25591 = 3.3438
Do/t = 25591/0.0136 = 187.9461
From table G: A = 0.000150
From table HA-3: B = 2,114.3132 psi
P, = 4*B/(3*(Dy /1)
= 4*%2,114.31/(3*(2.5591 /0.0136))
= 15psi

Design thickness for external pressure P, = 15 psi

ty = t+ Corrosion = 0.0136 +0.063 = 0.0766"
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2" (BS)
ASME Section VIII Division 1, 2007 Edition, A09 Addenda
tw(lower) = 0.5512 in
Legg1 = 03937 in
r \3|u.393?
0.5512 I].ES]E\L |
W R Y
T i
Note: round inside edges per UG-76(c)
Located on: SHELL
Liquid static head included: 2.7131 psi
Nozzle material specification: SA-182 F304L <=5 (1I-D p. 82, In. 34)
Nozzle longitudinal joint efficiency: 1

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

2 inch Class 150 LWN A182 F304L
SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

2.6752 psi

185 psi @ 250°F
230 psi @ 68°F
350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

180°

0.5512'in
5.9843 in
33.0709 in
2.0669 in

0.502 in

0.063 in

7.7736 in
8.5236 in
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Reinforcement Calculations for Internal Pressure

UG-45 Nozzle Wall
Thickness Summary (in)
The nozzle passes UG-45

UG-37 Area Calculation Summary (in2)
For P =52.71 psi @ 250 °F

A A A
required available A A | As | As | ewas treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.163 0.502

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate

Calculations for internal pressure 52.71 psi @ 250 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.22787).

Parallel Limit of reinforcement per UG-40

Lr = MAX(d, Ry + (t, - Cpp) + (t- C))
= MAX(2.1929, 1.0965 + (0.502 - 0.063) + (0.5512 - 0.063))
= 2.1929 in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN@R5*t-0), 2.5, - Cp) +te)
= MINQ.5%0.5512 - 0.063), 2.5%(0.502 - 0.063) + 0)
= 1.0974in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sp*E-0.6*P)
= 52.7131%1.0965 / (16,700%1 - 0.6*52.7131)
= 0.0035in

Required thickness t, from UG-37(a)

4 = P*R /(S*E - 0.6*P)
= 52.7131*24.0591 / (16,700*1 - 0.6*52.7131)
= 0.0761 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: t,;, = lesser of 0.75 or t, or t = 0.439 in

te(min) = lesser of 0.25 or 0.7*ty;, = 0.25 in

toactual) = 0.7%Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-¢).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t;1 =0.163 in (E =1) (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(1): o =0.1391 in
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Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.252 in

The greater of ty or ty3: ts =0.1391 in
The lesser of ty4 or t;s: tyg = 0.1391 in

Required per UG-45 is the larger of t,) or t,g = 0.163 in
Available nozzle wall thickness new, t, = 0.502 in

The nozzle neck thickness is adequate.
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Applied Loads

Radial load: P, = -449.74 Ibg
Circumferential moment: M¢ = 4,426.6 Ibp-in
Circumferential shear: Vo= 551.161bg
Longitudinal moment:  Mp, = 4,426.6 Ib-in

Longitudinal shear: VL= 551.161b¢
Torsion moment: M; =6,162.53 Ibg-in
Internal pressure: P= 52713 psi
Mean shell radius: Ry = 24.3032in
Local shell thickness: t= 0.4882in
Shell yield stress: Sy =" 20,200 psi

Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Ry, /t=24.3032/0.4882 = 49.7831

Pressure stress intensity factor, I = 1.11912 (derived from PVP-Vol. 399, pages 77-82)

Local circumferential pressure stress = I*P*R; / t =2,907 psi
Local longitudinal pressure stress = [*P*R; / (2*t) =1,454 psi

Maximum combined stress (P, +P,+Q) = 13,966 psi
Allowable combined stress (P, +P,+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 4,220 psi
Allowable local primary membrane (P ) = +-1.5*S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value ] Ay A B, By Cy C D, Dy
3C* 8.9649 0.0553 0 0 0 0 340 340 340 340
4C* 9.3547 0.0553 355 355 355 355 0 0 0 0

1C 0.1713 0.0553 0 0 0 0] 1,940 | -1,940 | 1,940 | -1,940
2C-1 0.1323 0.0553 ] 1,498 | -1,498 | 1,498 ]-1.498 0 0 0 0
3A* 0.8638 0.0553 0 0 0 0] -240) -240 240 240

1A 0.104 0.0553 0 0 0 01]-8,627 ] 8,627 8,627 ]-8,627

3B* 3.4494 0.0553 -958 -958 958 958 0 0 0 0
1B-1 0.0564 0.0553 | -4,678 | 4,678 | 4,678 | -4.678 0 0 0 0

Pressure stress* 2,907 1 2,907 2,907 2,907 | 2,598 ] 2,598 | 2,598 ] 2,598
Total circumferential stress -876 | 5,484 10,396 | -1,956 ] -3,989 | 9,385 | 13,745 | -7,389

Primary membrane circumferential stress* | 2,304 | 2,304 | 4,220 4.220] 2,698 | 2,698 3.178 ] 3.178

3C* 8.9649 0.0553 340 340 340 340 0 0 0 0
4C* 9.3547 0.0553 0 0 0 0 355 355 355 355
1C-1 0.1716 0.0553 | 1,943 ] -1,943 | 1,943 ]-1,943 0 0 0 0
2C 0.1313 0.0553 0 0 0 0 1,487 |-1,487 ] 1,487 ]-1.487
4A* 1.1808 0.0553 0 0 0 o] -328] -328 328 328
2A 0.0602 0.0553 0 0 0 01-4,994 1 4,994 4,994 ]-4,994
4B* 0.895 0.0553 -249 -249 249 249 0 0 0 0
2B-1 0.0958 0.0553 | -7,947 | 7,947 | 7,947 | -7.947 0 0 0 0
Pressure stress* 1,299 1,299 1,299 1,299 ] 1,454 | 1,454 1,454 1454

Total longitudinal stress -4,614 1 7,394 | 11,778 | -8,002 | -2,026 | 4,988 | 8,618 | -4,344
Primary membrane longitudinal stress* 1,390 1,390 1,888 ) 1.888 ] 1,481 | 1,481 2,137 2,137
Shear from M, 852 852 852 852 852 852 852 852

Circ shear from V, 234 234 =234 -234 0 0 0 0

Long shear from V, 0 0 0 o -234 -234 234 234

Total Shear stress 1,086 | 1,086 618 618 618 618§ 1,086 ] 1,086
Combined stress (P,+P,+Q) -4,007 | 7,885 | 12,014 | -8,065 | -4,167 | 9,470 | 13,966 | -7,737

Note: * denotes primary stress.
Longitudinal stress in the nozzle wall due to internal pressure + external loads

O (Pm) = P*Ri/ (2*ty) - Py / (T*(Ro? - Rj2)) + M*R,, /[
=52.71%1.0965 / (2%0.439) - -449.74 / (n*(1.53542 - 1.09652)) + 6,260.2*1.5354 / 3.2301
= 3,165 psi

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i S = 16,700 psi)
Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + Vc2)0'5 [ (M*Ri*ty)
=(551.162 + 551.162)0-3 / (1*1.0965%0.439)
=515 psi

Sorsion = M/ (2*T*R;2*1)
=6,162.5 / (2*1*1.09652*0.439)
= 1,858 psi

Giotal = Oshear * Storsion
=515+1,858
=2,374 psi
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UG-45(c): The total combined shear stress (2,374 psi) is below than the allowable (0.7*S,, = 0.7*16,700 = 11,690 psi)
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Reinforcement Calculations for External Pressure

- W
UG-37 Area Calculation Summary (in2) Thlii(lfntgsl\;?lz;l;l ar;l(lin)
For Pe = 15 psi @ 115 °F The nozzle passes UG-45
A A A
required available Al A | As | As welds treq {min
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1614 0.502
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure
UW-16 Weld Sizing Summary
R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate
Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40
LR = MAX(d, Rn +(ty - Cn) +(t-C)
= MAX(2.1929, 1.0965 + (0.502 - 0.063) + (0.5512 - 0.063))
= 2.1929 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5%(t-C), 2.5%t, - Cp) + 1o)
= MIN(2.5%(0.5512 - 0.063), 2.5%(0.502 - 0.063) +0)
= 1.0974in

Nozzle required thickness per UG-28 t,,, = 0.0153 in

From UG-37(d)(1) required thickness t. = 0.254 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: tyi, = lesser of 0.75 or t, or t = 0.439 in

te(min) = lesser 0£ 0.25 or 0.7*1pi = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t,; =0.1614 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): o = 0.0846 in

Wall thickness per UG-16(b): 43 =0.1255 in

Standard wall pipe per UG-45(b)(4): tr4 = 0.252 in

The greater of t;y or t;3: ts = 0.1255 in

The lesser of t4 or t5: tyg =0.1255 in

Required per UG-45 is the larger of t or t,g = 0.1614 in

Available nozzle wall thickness new, t, = 0.502 in
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The nozzle neck thickness is adequate.
External Pressure, (Corroded & at 115 °F) UG-28(c)

L/D, = 85717/3.0709 = 2.7913

Do/t = 3.0709/0.0153 = 200.5648
From table G: A = 0.000160
From table HA-3: B = 2,256.3857 psi
P, = 4*B/(3*(Dy /1)
= 4%2,256.39/(3*(3.0709 / 0.0153))
= 15psi

Design thickness for external pressure P, = 15 psi

ty = t+ Corrosion = 0.0153 +0.063 = 0.0783"
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ASME Section VIII Division 1, 2007 Edition, A09 Addenda

— —1.8839
0.3937— K
0.5512
0.5512 r— = ——
=
Tl

Note: round inside edges per UG-76(c)

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Nozzle description:

Pad material specification:

Pad diameter:

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:

Gasket Description:

PWHT performed:

Circumferential joint radiography:
Nozzle orientation:

Calculated as hillside:

Local vessel minimum thickness:

End of nozzle to datum line:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:
Distance to head center, R:

Pad is split:

tw(lower) = 0.4685 in

4" (CW)
Legy) =
—4 0.3937
Legyr =
Dp=
—_— e e te:
0.468
L _Jﬂ\ \|/I].4535
| |
— — — T

BTM HEAD

3.9764 psi

SA-312 TP304L WId & smls pipe (1I-D p. 86, In. 1)
1

NPS 4 Sch 80S (XS)

SA-240 304L (II-D p. 82, In. 38)

8.2677 in

4inch Class 150 WN A182 F304L

SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

3.9936 psi

185 psi @ 250°F

230 psi @ 68°F

350 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

None UW-11(c) Type 1
0°

No

0.4685 in

-30in

3.826 in

0.337 in

0.063 in

14.5863 in

17.5863 in

0in

No

0.3937 in

Yw(upper) = 0.5512 in

0.3937 in

8.2677 in

0.5512 in
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =53.98 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.2759 | 3.9004 | 1.3266]0.5426 ] -- ] 1.8762]10.155 0.2797 0.2949

UG-41 Weld Failure Path Analysis Summary (lbg)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load Path 2-2 Weld load | Path 3-3
W Wi strength W, strength Wi; strength

-14,474.1 142,982.51 1 63,102.37 15,361.04 | 106,342.36 | 46,693.63 | 77,261.5

UW-16 Weld Sizing Summary
Weld description Requirseidz:v(ei:]c; Actuszil;xei:ld) Status
Nozzle to pad fillet (Legy;) 0.1918 0.2756 | weld size is adequate
Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate
Nozzle to pad groove (Upper) 0.1918 0.5512 | weld size is adequate

Calculations for internal pressure 53.98 psi @ 250 °F

Nozzle rated MDMT per UHA-51(d)(1)(a) = -320 °F.
Pad Impact test exempt per UHA-51(g)(coincident ratio = 0.17218).

Parallel Limit of reinforcement per UG-40

Lr = MAX(d, R, + (t, - Cpp) + (t- C))
= MAX(3.952, 1.976 + (0.337 - 0.063) + (0.4685 - 0.063))
3.952in

Outer Normal Limit of reinforcement per UG-40

Ly = MIN(2.5%(t - C), 2.5%(ty - Cp) + te)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.337 - 0.063) +0.5512)
= 1.0138 in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sy*E - 0.6*P)
= 53.9764*1.976/(16,700*1 - 0.6*53.9764)
= 0.0064in

Required thickness t,. from UG-37(a)(c)

t P*K *D / (2*S*E - 0.2*P)
= 53.9764%0.8976%48.1181 / (2*16,700%1 - 0.2%53.9764)

= 0.0698 in

Area required per UG-37(c)
Allowable stresses: S, = 16,700, S, = 16,700, Sp =16,700 psi
fip =lesserof L or S, /Sy =1
fio=lesserof lor S, /S, =1

fi3 = lesser of fip or S, /Sy =1
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fr4 = lesser of 1 or Sp /Sy =1

A = A¥tFF + 2% 4t 4P - fpp)
3.952%0.0698*1 + 2%0.274%0.0698*1%(1 - 1)
0.2759 in2

Area available from FIG. UG-37.1

A = larger of the following= 1.3266 in?

= d*(E*t- F*p) - 2%t * (B *t - F*tp)*(1 - f)
= 3.952%(1%0.4055 - 1¥0.0698) - 2%0.274*(1*0.4055 - 1¥0.0698)*(1 - 1)
= 1.3266 in2

= 2¥(t + to) (B ¥t - F¥tp) - 2%, (B *t - F*tp)*(1 - fyy)

= 2%(0.4055 + 0.274)*(1%0.4055 - 1¥0.0698) - 2%0.274*(1%0.4055 - 1%0.0698)*(1 - 1)
= 0.4562 in2

A, = smaller of the following= 0.5426 in2

= 5*(tn - t)* o™t
= 5%(0.274 - 0.0064)*1*0.4055
= 0.5426 in?

= 2%(ty - t)*(2.5%ty + te)*fn

= 2%(0.274 - 0.0064)*(2.5%0.274 + 0.5512)*1
= 0.6616 in2

Ayl = TLeg?*fy
= 0.39372%1
= 0.155 in2
Ay = Leg¥fy
= 02%]
= 0in2
(Part of the weld is outside of the limits)
As = (Dp - d - 2% oMy

= (7.904 - 3.952 - 2#0.274)*0.5512*1
= 1.8762 in2

Area = At Ayt Ay + Ayt As
= 1.3266 +0.5426 + 0.155 + 0 + 1.8762
= 3.9004 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t,, or te = 0.274 in
te(min) = lesser of 0.25 or 0.7*t;;, = 0.1918 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4055 in
tw(min) = 0-5*tyin = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VI1I-1-83-66 has been applied.

Wall thickness per UG-45(a): ;1 = 0.2797 in (E =1) (pressure plus external loads govern in longitudinal direction)
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Wall thickness per UG-45(b)(1): trp = 0.1405 in

Wall thickness per UG-16(b): 43 =0.1255in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2704 in
The greater of t,y or t;3: tys = 0.1405 in
The lesser of t4 or t;s: tyg = 0.1405 in

Required per UG-45 is the larger of t;1 or t;g = 0.2797 in
Available nozzle wall thickness new, t, = 0.875%0.337 = 0.2949 in

The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension: 0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7%16,700 = 11,690 psi
Inner fillet weld in shear: 0.49%16,700 = 8,183 psi
Outer fillet weld in shear: 0.49%16,700 = 8,183 psi
Upper groove weld in tension: 0.74*16,700 = 12,358 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(n / 2)*Nozzle OD*Leg*S; = (1 / 2)*4.5%0.3937*8,183 = 22,772.53 Ibp

(2) Outer fillet weld in shear
(m /2)*Pad OD*Leg*S, = (m/2)*8.2677*0.3937*8,183 = 41,839.29 Ibs

(3) Nozzle wall in shear
(n / 2)*Mean nozzle dia*t,*S,, = (n / 2)*4.226*0.274*11,690 = 21,263.08 lbg

(4) Groove weld in tension
(m / 2)*Nozzle OD*tW*Sg =(n/2)*4.5%0.4055%12,358 = 35,422.21 lby

(6) Upper groove weld in tension
(m/ 2)*Nozzle OD*1y,*Sg = (m / 2)*4.5%0.5512%12,358 = 48,147.63 Iby

Loading on welds per UG-41(b)(1)

w = (A - Ay + 2%t * iy *(E %t - F*p)*Sy
= (0.2759 - 1.3266 + 2*0.274* 1 *#(1*0.4055 - 1*0.0698))*16,700
= 144741 Ibp

Wiy = (A + As+Ag +Ag)*Sy

= (0.5426 +1.8762 + 0.155 + 0)*16,700
= 42,982.51 Ibg

Wap = (Ag + Az +Ag) +Agz + 2% * 4 )*Sy
= (0.5426 + 0 + 0.155 + 0 + 2*0.274*0.4055*1)*16,700
= 15,361.04 Ibp

W33 = (Ag+ Az +As+Agp + Ay + Agg + 2 ¥4 )*S,,

= (0.5426 + 0+ 1.8762 + 0.155 + 0 + 0 + 2*0.274*0.4055*1)*16,700
= 46,693.63 Ibg

Load for path 1-1 lesser of W or W_; =-14474.1 lbp
Path 1-1 through (2) & (3) = 41,839.29 +21,263.08 = 63,102.37 Ibp
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or Wy_» =-14474.1 lbg
Path 2-2 through (1), (4), (6) = 22,772.53 + 35,422.21 + 48,147.63 = 106,342.36 Ib¢
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3_3=-14474.1 lb¢
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Path 3-3 through (2), (4) = 41,839.29 +35,422.21 =77,261.5 Ibp
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).
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Applied Loads

Radial load: P.= -967.831b¢
Circumferential moment: M| =38,624.29 Ibg-in
Circumferential shear: Vo= 1,933.461b¢
Longitudinal moment: ~ Mp =38,624.29 Ib-in

Longitudinal shear: V1= 1,933.46Ibp
Torsion moment: M= 27,254 Ibg-in
Internal pressure: P= 53.976 psi
Head yield stress: Sy=" 20,200 psi

Maximum stresses due to the applied loads at the pad edge (includes pressure)
Mean dish radius Ry, = 43.6746 in

U=r,/Sqr(Rp,*t) = 0.982
Pressure stress intensity factor, I = 1 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =2,893 psi

Maximum combined stress (P +P+Q) = 34,960 psi

Allowable combined stress (P +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P, +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P, ) = 7,747 psi
Allowable local primary membrane stress (P;) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.068 400 400 400 400 400 400 400 400
SR-2 0.0363 1,282] -1,282 ] 1,282 -1,282 1,282 ] -1,282 | 1,282 -1,282
SR-3* 0.0798 0 0 0 0 -4454] -4454] 4454 4454
SR-3 0.0773 0 0 0 0| -25,887 | 25,887 | 25,887 | -25,887
SR-3* 0.0798 | -4.454 | -4,454 | 4,454 4,454 0 0 0 0
SR-3 0.0773 | -25,887 | 25,887 | 25,887 | -25,887 0 0 0 0
Pressure stress* 2,893 | 2,893 2,893 2,893 2,893 1 2,893 2,893 2,893
Total Oy stress 25,766 | 23,444 | 34,916 | -19,422 | 25,766 | 23,444 | 34,916 | -19,422
Membrane Oy stress* | -1,161 | -1,161 | 7,747 7,747 -1,161 ] -1,161 | 7,747 7,747
SR-2* 0.0211 124 124 124 124 124 124 124 124
SR-2 0.0109 385 -385 385 -385 385 -385 385 -385
SR-3* 0.024 0 0 0 of -1,340] -1,340 | 1,340 1,340
SR-3 0.0233 0 0 0 o] -7,803] 7,803 7,803 | -7,803
SR-3* 0.024 | -1340] -1,340] 1340 1,340 0 0 0 0
SR-3 0.0233 | -7.803 | 7.803| 7.803| -7,803 0 0 0 0
Pressure stress* 2,893 2,893 2.893] 2,893 2,893 2,893 2,893| 2,893
Total Oy stress -5,741] 9,095 12,545 -3,831) -5,741] 9,095]12,545] -3,831

Membrane Oy stress* 1,677 | 1,677 4357 4,357 1,677 1,677 4,357 4,357

Shear from M, 626 626 626 626 626 626 626 626
Shear from V, 0 0 0 0 -367 -367 367 367
Shear from V, 367 367 -367 -367 0 0 0 0
Total Shear stress 993 993 259 259 259 259 993 993

Combined stress

(P+P,+Q) -25,815 | 23,512 | 34,919 | -19.426 | -25,769 | 23,449 | 34,960 | -19,485

Notes: (1) * denotes primary stress.
(2) The nozzle is assumed to be a rigid (solid) attachment.
Maximum stresses due to the applied loads at the nozzle OD (includes pressure)

Mean dish radius Ry, = 43.6746 in

U =1,/ Sqr(Rp*t) = 0.348
Pressure stress intensity factor, I = 0.31645 (derived from PVP-Vol. 399, pages 77-82)

Local pressure stress = [*P*R; / (2*t) =916 psi

Maximum combined stress (P, +P+Q) = 18,463 psi

Allowable combined stress (P, +P,+Q ) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P; +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P) = 2,165 psi
Allowable local primary membrane stress (Py) = +-1.5%S = +-25,050 psi

The local maximum primary membrane stress (P, ) is within allowable limits.
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Stresses at the nozzle OD per WRC Bulletin 107

Figure value Ay Ay By By Cy Cy D, Dy
SR-2% 0.1737 184 184 184 184 184 184 184 184
SR-2 0.1208 766 -766 766 -766 766 -766 766 -766
SR-3* 0.1631 0 0 0 0] -1,065] -1,065] 1,065 1,065
SR-3 0.3936 0 0 0 0]-15418 | 15418 | 15,418 ] -15,418
SR-3* 0.1631 | -1,065 | -1,065] 1.065] 1,065 0 0 0 0
SR-3 0.3936 | -15,418 | 15,418 | 15,418 | -15,418 0 0 0 0
Pressure stress* 916 916 916 916 916 916 916 916
Total O, stress 14,617 | 14,687 | 18,349 | -14,019 | -14,617 | 14,687 | 18,349 | -14,019
Membrane Oy stress* 35 351 2,165 2,165 35 351 2,165 2,165
SR-2* 0.0522 55 55 55 55 55 55 55 55
SR-2 0.0372 236 -236 236 -236 236 -236 236 -236
SR-3* 0.05 0 0 0 0 -326 -326 326 326
SR-3 0.1189 0 0 0 o] -4658] 4658 4658 -4,658
SR-3* 0.05 -326 -326 326 326 0 0 0 0
SR-3 0.1189 | -4.658] 4,658 4.658] -4,658 0 0 0 0
Pressure stress* 916 916 916 916 916 916 916 916
Total Oy stress -3.777) 5,067 6,191} -3,597) -3,777) 5.067| 6,191 ] -3,597
Membrane Oy stress* 645 645 1,297 1,297 645 645 1,297 1,297
Shear from M, 896 896 896 896 896 896 896 896
Shear from V; 0 0 0 0 -286 -286 286 286
Shear from V, 286 286 -286 -286 0 0 0 0
Total Shear stress 1,182 1,182 610 610 610 610 1,182 1,182
C"'(';,ll’i“]fgg)'ess 14,744 | 14,830 | 18,380 | -14,055 | 14,651 | 14,726 | 18,463 | -14,151

Notes: (1) * denotes primary stress.

(2) The nozzle is assumed to be a rigid (solid) attachment.
Longitudinal stress in the nozzle wall due to internal pressure + external loads

On (Pm) = P*R; / (2%ty) - P/ (T*(Ry2 - Ri2)) + M*R,, /1

=53.98%1.976 / (2*0.2319) - -967.83 / (n*(2.252 - 1.9762)) + 54,623*2.25 / 8.1551

=15,567 psi

The average primary stress Py, (see Division 2 5.6.a.1) across the nozzle wall due to internal pressure + external loads is acceptable (i IS = 16,700 psi)

Shear stress in the nozzle wall due to external loads

Oshear = (VL2 + Vc2)0'5 / (T*Ri*tp)
=(1,933.462 + 1,933.462)0.5 / (1*1.976%0.274)
= 1,608 psi

Storsion = M¢/ (Z*K*Riz*tn)
=27.254/(2*1*1.9762*0.274)
= 4,054 psi

Gtotal = Oshear T Ctorsion
=1,608 +4,054
= 5,662 psi

UG-45(c): The total combined shear stress (5,662 psi) is below than the allowable (0.7*S,, = 0.7*16,700 = 11,690 psi)
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Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe =15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 As As welds freq tmin
0.2494 | 3.6389 |1.1038 J0.5039 ] -- ] 1.8762]0.155 0.2766 0.2949

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (in) size (in) Status

Weld description

Nozzle to pad fillet (Legy;) 0.1918 0.2756 | weld size is adequate

Pad to shell fillet (Legy,) 0.2027 0.2756 | weld size is adequate

Nozzle to pad groove (Upper) 0.1918 0.5512 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40

Lk = MAX(A Ry+ (ty- Cp)+ (t- C)
= MAX(3.952,1.976 + (0.337 - 0.063) + (0.4685 - 0.063))
3.952 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5¥(t-C),2.5%t,- Cp) + o)
= MIN(2.5%(0.4685 - 0.063), 2.5%(0.337 - 0.063) +0.5512)
= 1.0138 in

Nozzle required thickness per UG-28 t,;, = 0.0255 in

From UG-37(d)(1) required thickness t. = 0.1262 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, Sy = 16,700, S;, = 16,700 psi
frp =lesserof 1or S, /S, =1

frg =lesserof 1 or S,/ Sy =1

fi3 = lesser of fip or S, /S = 1

fr4 = lesser of L or Sy /Sy =1

A = OSR(@HEF + 2%t (L - £)
0.5%(3.952%0.1262%1 +2%0.274%0.1262*1%(1 - 1))
0.2494 in2

Area available from FIG. UG-37.1

Ay = larger of the following= 1.1038 in2

d¥(Ep* - F*) - 2%, 5 (B *t- Fr)*(1 - [)
3.952%(1%0.4055 - 1¥0.1262) - 2%0.274%(1#0.4055 - 1#0.1262)*(1 - 1)
1.1038 in2
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- 2%(t + 1) * (B *t - F*t;) - 2%, %(Ey *t - F¥t)*(1 - f1)
= 2%(0.4055 + 0.274)*(1%0.4055 - 1¥0.1262) - 2%0.274%(1%0.4055 - 1%0.1262)*(1 - 1)
= 0.3796 in2

A, = smaller of the following= 0.5039 in2

= 5*011 - tm)’kfrfkt
= 5%(0.274 - 0.0255)*1*0.4055
= 0.5039 in2

= 2%(tn - t)*(2.5%ty + t0)*fip

= 2%(0.274 - 0.0255)%(2.5%0.274 + 0.5512)*1
= 0.6145 in2

Ag = Leg¥*fig
= 0.39372%1
= 0.155 in2

Ay = Leg¥fy
= 02* 1
= 0in2

(Part of the weld is outside of the limits)

As = (Dp -d - 2%tn)*te iy
= (7.904 - 3.952 - 2%0.274)*0.5512*1
= 1.8762 in2

Area = A+ Ar+ Ay + Ay + A5
= 1.1038 +0.5039 + 0.155 + 0 + 1.8762
= 3.6389 in2

As Area >= A the reinforcement is adequate.
UW-16(c)(2) Weld Check

Inner fillet: tmin = lesser of 0.75 or t, or te = 0.274 in
te(min) = lesser of 0.25 or 0.7*t,i, = 0.1918 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

Outer fillet: tmin = lesser of 0.75 or t, or t = 0.4055 in
Uy(min) = 0.5*tpip = 0.2028 in
tw(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

UG-45 Nozzle Neck Thickness Check

Interpretation VIII-1-83-66 has been applied.

Wall thickness per UG-45(a): ty; = 0.2766 in (pressure plus external loads govern in longitudinal direction)
Wall thickness per UG-45(b)(2): 2 =0.0845 in
Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.2704 in
The greater of t;p or t;3: tes = 0.1255 in
The lesser of t.4 or t5: te =0.1255 in

Required per UG-45 is the larger of t;1 or t;g = 0.2766 in
Available nozzle wall thickness new, t, = 0.875%0.337 = 0.2949 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)
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L/D, = 17.5863/45 = 3.9081

Do/t = 45/0.0255 = 176.5999
From table G: A = 0.000141
From table HA-3: B = 1,986.7726 psi
P, = 4*B/(3*(Dy/1)
= 4*1,986.77/(3*(4.5/0.0255))
= 15psi

Design thickness for external pressure P, = 15 psi

ty = t+ Corrosion = 0.0255+0.063 = 0.0885"
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2" (LB1A/B, LT3A/B, LT5A/B, LT7A/B)

ASME Section VIII Division 1, 2007 Edition, A09 Addenda

tw(lower) = 0.5512 in

Legg1 = 03937 in

P SESEe—— | E—
| Fr0.3937
0.5512 | 0.5512) |
A ]
T | S A i
Note: round inside edges per UG-76(c)
Located on: SHELL
Liquid static head included: 0 psi
Nozzle material specification: SA-182 F304L <=5 (1I-D p. 82, In. 34)
Nozzle longitudinal joint efficiency: 1

Flange description:

Bolt Material:

Flange rated MDMT:

(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F

2 inch Class 300 LWN A182 F304L
SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:
ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:
Gasket Description:

PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

0 psi

482.5 psi @ 250°F
600 psi @ 68°F
925 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

212°

0.5512'in

90 in

33.0709 in

2.0669 in

0.6201 in

0.063 in

7.6436 in

8.5236 in
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For P =50 psi @ 250 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 Azl As welds freq tmin
0.1582 2419 109123 | 1.3517} -- | - 10.155 0.1352 0.6201

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

L. Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy1) 0.25 0.2756 | weld size is adequate

Calculations for internal pressure 50 psi @ 250 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.14781).
Parallel Limit of reinforcement per UG-40
Lp = MAX(d, Ry + (t, - Cp) + (t - C))
= MAX(2.1929, 1.0965 + (0.6201 - 0.063) + (0.5512 - 0.063))

= 2.1929 in

Outer Normal Limit of reinforcement per UG-40

Ly =  MINQS*t-C), 2.5%(ty - Cp) + t)
= MIN(2.5%(0.5512 - 0.063), 2.5%(0.6201 - 0.063) + 0)
= 1.2205 in

Nozzle required thickness per UG-27(c)(1)
tn = P*R, / (Sp*E - 0.6*P)
= 50%1.0965 /7 (16,700*1 - 0.6%50)
= 0.0033 in

Required thickness t, from UG-37(a)

t = P*R /(S*E - 0.6*P)
= 50%24.0591/(16,700*1 - 0.6*50)
= 0.0722 in

Area required per UG-37(¢c)

Allowable stresses: S, = 16,700, Sy, = 16,700 psi
fi1 =lesserof L or S, /Sy =1

fip=lesserof l or S, /S, =1

A = d*t¥F + 2%t %t *FH( - £})

2.1929%0.0722%1 +2*0.5571*0.0722%1*(1 - 1)
0.1582 in2

Area available from FIG. UG-37.1

A1 = larger of the following=0.9123 in?
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d*(Ep - Fy) - 2% * (B *t - Fri)*(1 - fip)
2.1929%(1*0.4882 - 1%0.0722) - 2*0.5571%(1*0.4882 - 1¥0.0722)*(1 - 1)
0.9123 in2

2¥(t + 1) * (B ¥t - F*tp) - 2%, %(Ep *t - F¥t)*(1 - ;1)
2%(0.4882 + 0.5571)*(1*0.4882 - 1¥0.0722) - 2*0.5571%(1*0.4882 - 1*0.0722)*(1 - 1)
0.8697 in2

A, = smaller of the following= 1.3517 in2

Ay =

Area

5*(tn - t)* 2™t
5%(0.5571 - 0.0033)*1*0.4882
13517 in2

5 *(tn - tm)*frz*tn
5%(0.5571 - 0.0033)*1*0.5571
1.5425 in2

Legz*frz
0.39372*1
0.155 in2

Ay +Ay+ Ay
0.9123 + 13517 +0.155
2.419 in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: tyi, = lesser of 0.75 or t, or t = 0.4882 in
te(min) = lesser of 0.25 or 0.7*tpj, = 0.25 in
te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t;1 =0.0663 in (E=1)
Wall thickness per UG-45(b)(1): tp =0.1352in

Wall thickness per UG-16(b): t3 =0.1255in
Standard wall pipe per UG-45(b)(4): tr4 = 0.252 in

The greater of tyy or ty3: ts =0.1352 in

The lesser of ty4 or tys: trg =0.1352in

Required per UG-45 is the larger of t] or t;g = 0.1352 in

Available nozzle wall thickness new, t, = 0.6201 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for External Pressure

UG-37 Area Calculation Summary (in2) UG-45 Nozzle Wall
For Pe =15 psi @ 115 °F Thickness Summary (in)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A1 A2 Azl As welds freq tmin
0.2784 1 1.9895 10.5136 §1.3209 | -- | -- 10.155 0.1255 0.6201

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external pressure

UW-16 Weld Sizing Summary

Required weld Actual weld

throat size (in) | throat size (in) Status

Weld description

Nozzle to shell fillet (Legy1) 0.25 0.2756 | weld size is adequate

Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40
Lk =  MAX® R+ (ty- Cp)+ (t-0)
= MAX(2.1929, 1.0965 + (0.6201 - 0.063) + (0.5512 - 0.063))
= 2.1929 in
Outer Normal Limit of reinforcement per UG-40
Ly = MIN(2.5%(t - C), 2.5%(t, - Cp) + te)
= MIN(2.5%(0.5512 - 0.063), 2.5%(0.6201 - 0.063) + 0)
= 1.2205 in

Nozzle required thickness per UG-28 t,., = 0.0159 in

From UG-37(d)(1) required thickness t. = 0.254 in

Area required per UG-37(d)(1)

Allowable stresses: S, = 16,700, S, = 16,700 psi
fip =lesserof  or S, /Sy =1

frp=lesserof 1 or S, /S, =1

A

0.5%(d* G5 + 25 * 2 F*(1 - )
= 0.5%(2.1929%0.254*%1 +2%0.5571%0.254* 1%(1 - 1))
= 02784 in2

Area available from FIG. UG-37.1

A = larger of the following= 0.5136 in2

=B Fr - 2R - PR (L )
= 2.1929*(1*0.4882 - 1*%0.254) - 2*0.5571*(1*0.4882 - 1*0.254)*(1 - 1)
= 0.5136 in2

=M FR D - FR L - )
= 2%(0.4882 + 0.5571)*(1*0.4882 - 1*0.254) - 2*0.5571*(1*0.4882 - 1*0.254)*(1 - 1)
= 0.4897 in?

A, = smaller of the following= 1.3209 in2
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= 5*(111 - tm)*frz*t
= 5%(0.5571 - 0.0159)*1*0.4882
= 1.3209 in2

= 5*(tn - trn)*frZ*"n
= 5%(0.5571 - 0.0159)*1%0.5571
= 1.5074 in2

Ayl = LegPfy
= 0.39372*1
= 0.155 in2

Area = A +Ary+Ay
= 0.5136 + 1.3209 + 0.155
= 1.9895 in2

As Area >= A the reinforcement is adequate.
UW-16(c) Weld Check

Fillet weld: ty;, = lesser of 0.75 or t, or t = 0.4882 in
te(min) = lesser of 0.25 or 0.7*t;, = 0.25 in

te(actual) = 0.7%Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-¢).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ;1 =0.0789 in
Wall thickness per UG-45(b)(2): tr2 = 0.0846 in
Wall thickness per UG-16(b): t3 =0.1255in
Standard wall pipe per UG-45(b)(4): 4 = 0.252 in

The greater of 1,5 or t;3: 5 =0.1255 in
The lesser of t.4 or t5: tg =0.1255 in

Required per UG-45 is the larger of ty1 or tyg = 0.1255 in
Available nozzle wall thickness new, t, = 0.6201 in

The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/Dy, = 8.5794/33071 = 2.5942
Do/t = 33071/0.0159 = 207.7180
From table G: A = 0.000165
From table HA-3: B = 2,336.7605 psi
P, = 4*B/(3*[D,/1)
= 4*2,336.76 / (3*(3.3071 / 0.0159))
= 15psi

Design thickness for external pressure P, = 15 psi

= t+ Corrosion = 0.0159+0.063 = 0.0789"

ta
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2" (LT2A/B, LT4A/B, LT6A/B)

ASME Section VIII Division 1, 2007 Edition, A09 Addenda

0.5512 | 0.5
A
T | S A
Note: round inside edges per UG-76(c)
Located on:
Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:

Flange description:
Bolt Material:

Flange rated MDMT:
(Per UHA-51(d)(1)(a))

(Flange rated MDMT = -320 °F
Bolts rated MDMT per Fig UCS-66 note (¢) = -55 °F)

Liquid static head on flange:

ASME B16.5 flange rating MAWP:
ASME B16.5 flange rating MAP:
ASME B16.5 flange hydro test:

Gasket Description:

PWHT performed:

Nozzle orientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:

Projection available outside vessel, Lpr:
Projection available outside vessel to flange face, Lf:

tw(lower) = 0.5512 in

Legg1 = 03937 in

T TR T
Fr0.3937

512 |

e
SHELL
2.7131 psi
SA-182 F304L <=5 (II-D p. 82, In. 34)
1

2 inch Class 300 LWN A182 F304L
SA-193 B7 Bolt <=2 1/2 (II-D p. 348, In. 33)
-55°F

2.6752 psi

482.5 psi @ 250°F
600 psi @ 68°F
925 psi @ 68°F
Flexitallic Spiral Wound CG 304L S.S.
No

290°

0.5512'in

5.9843 in
33.0709 in

2.0669 in

0.6201 in

0.063 in

7.6436 in

8.5236 in
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Reinforcement Calculations for Internal Pressure

UG-45 Nozzle Wall
Thickness Summary (in)
The nozzle passes UG-45

UG-37 Area Calculation Summary (in2)
For P =52.71 psi @ 250 °F

A A A
required available A A | As | As | ewas treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1391 0.6201

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate

Calculations for internal pressure 52.71 psi @ 250 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.15586).
Parallel Limit of reinforcement per UG-40
Lp = MAX(d, Ry, + (t, - Cp) + (t - C))
= MAX(2.1929, 1.0965 + (0.6201 - 0.063) + (0.5512 - 0.063))

= 2.1929 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS*(t-C), 2.5%(ty - Cp) + L)
= MIN(2.5%(0.5512 - 0.063), 2.5*(0.6201 - 0.063) + 0)
= 12205in

Nozzle required thickness per UG-27(c)(1)

tm = P*R,/(Sp*E-0.6*P)
= 52.7131%1.0965/ (16,700%1 - 0.6*52.7131)
= 0.0035in

Required thickness t, from UG-37(a)

4 = P*R /(S*E - 0.6*P)
= 52.7131*24.0591 / (16,700*1 - 0.6%52.7131)
= 0.0761 in

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

Fillet weld: t,;, = lesser of 0.75 or t, or t = 0.4882 in

te(min) = lesser of 0.25 or 0.7*ty;, = 0.25 in

toactual) = 0.7%Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-¢).
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ;1 = 0.0665 in (E=1)
Wall thickness per UG-45(b)(1): tp =0.1391 in
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Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.252 in

The greater of ty or ty3: ts =0.1391 in
The lesser of ty4 or t;s: tyg = 0.1391 in

Required per UG-45 is the larger of t,) or t,g = 0.1391 in
Available nozzle wall thickness new, t, = 0.6201 in

The nozzle neck thickness is adequate.
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Reinforcement Calculations for External Pressure

- W
UG-37 Area Calculation Summary (in2) Thlii(lfntgsl\;?lz;l;l ar;l(lin)
For Pe = 15 psi @ 115 °F The nozzle passes UG-45
A A A
required available Al A | As | As welds treq tmin
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1255 0.6201
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external pressure
UW-16 Weld Sizing Summary
R Required weld Actual weld
Weld description throat size (in) | throat size (in) Status
Nozzle to shell fillet (Legy;) 0.25 0.2756 | weld size is adequate
Calculations for external pressure 15 psi @ 115 °F
Parallel Limit of reinforcement per UG-40
LR = MAX(d, Rn +(ty - Cn) +(t-C)
= MAX(2.1929, 1.0965 + (0.6201 - 0.063) + (0.5512 - 0.063))
= 2.1929 in

Outer Normal Limit of reinforcement per UG-40

Ly = MINQS5%(t-C), 2.5%t, - Cp) + 1o)
= MIN(2.5%(0.5512 - 0.063), 2.5%(0.6201 - 0.063) + 0)
= 12205in

Nozzle required thickness per UG-28 t,,, = 0.0159 in

From UG-37(d)(1) required thickness t. = 0.254 in

This opening does not require reinforcement per UG-36(c)(3)(a)
UW-16(c) Weld Check

Fillet weld: ty;, = lesser of 0.75 or t, or t = 0.4882 in

te(min) = lesser 0£ 0.25 or 0.7*1pi = 0.25 in

te(actual) = 0.7*Leg = 0.7%0.3937 = 0.2756 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t;p =0.0789 in
Wall thickness per UG-45(b)(2): o = 0.0846 in
Wall thickness per UG-16(b): 43 =0.1255 in
Standard wall pipe per UG-45(b)(4): tr4 = 0.252 in

The greater of t;y or t;3: ts = 0.1255 in
The lesser of t4 or t5: tyg =0.1255 in

Required per UG-45 is the larger of t;1 or tyg = 0.1255 in

Available nozzle wall thickness new, t, = 0.6201 in
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The nozzle neck thickness is adequate.

External Pressure, (Corroded & at 115 °F) UG-28(c)

L/D, = 85794/33071 = 2.5942
Do/t = 3.3071/0.0159 = 207.7180
From table G: A = 0.000165
From table HA-3: B = 2,336.7605 psi
P, = 4*B/(3*(Dy /1)
= 4*2,336.76 / (3*(3.3071 / 0.0159))
= 15psi

Design thickness for external pressure P, = 15 psi

ty = t+ Corrosion = 0.0159 +0.063 = 0.0789"



CALCULATION OF BASEBLOCK UNDER LIFTING CONDITION

1. CALCULATION OF LIFTING FORCES

a) ERECTION WEIGHT

b) DYNAMIC LOAD FACTOR
¢) LIFTING WEIGHT
d) DIMENSIONS ;

We =
F=

W=WexF=

X =
Y =
R=

*LL=Wx (Yxcost +Rxsint }/((X+Y)xcost +Rxsint )

*TL=Wx (Xxcost )/((X+Y)xcost +Rxsint )
LH=LL x sin¥ 4
TH =TL x sin¥ &

*LV=LL x cost
* TV =TL x cost

i
E

i

9600
1.5
14400
2959.0
4918.0
780.0

2. SUMMARY OF LIFTING FORCES IN VARIOUS ANGLES OF LIFTING

Max. Loads ;

LL= 14400.0
LV= 9006.2
LH= 14400.0
TL = 5409.4
TV= 5409.4
TH= 4043.8
\<

kg
kg
kg
kg
kg
kg

(at¥
(at¥
(at¥
(at¥
(at ¥
(at¥

B | N (N N

kg

kg
mm
mm

90.00
3.00
90.00
0.00
0.00

65.00

R * sinax Y * cosu X * cosU

¥ LL TL LV LH TV TH
0.0 8990.6 5409.4 8990.6 0.0 5409.4 0.0
5.0 9037.1 5362.9 9002.7 787.6 5342.5 467.4
15.0 9130.4 5269.6 8819.3 2363.1 5090.0 1363.9
30.0 9283.2 5116.8 8039.5 4641.6 4431.3 2558.4
45.0 9478.0 4922.0 6702.0 6702.0 3480.4 3480.4
60.0 9782.6 4617.4 4891.3 8472.0 2308.7 3998.8
75.0 10450.3 3949.7 2704.7 10094.2 1022.3 3815.1
85.0 11862.6 2537.4 1033.9 11817.4 221.2 2527.8
90.0 14400.0 0.0 0.0 14400.0 0.0 0.0

Deg.)
Deg.)
Deg.)
Deg.)
Deg.)
Deg.)



3. STRENGTH OF LIFTING LUG

MATERIAL AT LUG : SA 516-70
ALLOWABLE STRESS IN TENSION Sa = 14.06 LV
YIELD STRESS Sy = 26.72 § /8 ¢
Q'TY OF LIFTING LUG N = 2 ea
VERTICAL FORCE PER 1 LUG LV=LV/N = 4503.10 §
HORIZONTAL FORCE PER 1 LUG LH=LH/N = 7200 §
LIFTING HALF ANGLE B3 = 15 deg.
AXIAL FORCE PER 1 LUG Pa=LH'*tan B = 1929.23 §

* DIMENSIONS

=
|

T= 20 § = 415 59 Pa )
‘ LH
‘ t2 T

t= 10 § = 80 § 8

R= 80 {4 = 110 § g \17—
d= 27 § g D= 225 § g Ef &
a= 210§ | = 10 § g L

b= 125 g e= 290 i g
Dp= 0 &3 2= 0 3 X o v
<C

3-1. CHECK OF LUG

=
|

Dp
d

=

=

a) SHEAR STRESS DUE TO LH'
S1 = 2¥LH/{(2*R-d)*T + 1/2 * (Dp-d) * 12 * 2}
= 54145 /8 - < 04*Sy= 10.688 § /8 = OK.!

b) TENSION DUE TO LH'
82 = LHY/{(2*R-d)*T + (Dp-d) * 12 * 2}

= 2707 § 5 - < 0.6%Sy= 16.032 § /8 % 0K.!
¢) SHEAR STRESS DUE TO LV'
83 = 2¥LVY{(2*R-d)*T + 1/2 * (Dp-d) * £2 * 2}

= 3386 5 /i : < 04%Sy= 10.688 § /5 = 0K.!
d) TENSION DUE TO LV'
84 = LV/{(2*R-d)*T + (Dp-d) * 12 * 2}

= 1.693 § /5 = < 0.6*Sy= 16.032 § /8 = OK.!
¢) BENDING STRESS DUE TO LV'
S5=6*LV'*B /[(2* R)>* T]

= 4220% /5 = < 0.66*Sy= 17.6352 § /8 5 0K.!



3-2. STRESS OF GUIDE POINT
a) BENDING STRESS DUE TO Pa
S6 = 6¥Pa*B/(2*R*T?) = 6 * 1929.23 * 80 /(2 * 80 * 20?)

= 14469 ¢ /¢ - < 0.66*Sy= 17.6352 § /5 5
b) TENSION DUE TO LH'
§7= LHY (2*R*T) = 7200.00 / {(2 * 80 * 20)

= 2250 § /5 - < 06*Sy= 16.032 § /8 %

¢) COMBINED STRESS
S8 = (S6/0.66Sy) + ($7/0.6Sy) < 1
= 0.961 < 1

d) AXIAL STRESS DUE TO Pa
S9=Pa/(2*R*1)
= 1206 § /§ - < 06%Sy= 16.032 § /

-+

OK.!

OK.!

OK.!

OK.!



3-3. LIFTING LUG WELD CALCULATION - LUG TO PAD WELD

LV’

b = 125.00 mm b

dl = 105.00  mm A

2= 0.00 mm ( rd

d = 210.00 mm S

¢ = 20000 mm o| o C)
LV = 4503.1 kg 5 j
LI = 7200 kg Q J

n m ]

(A) HORIZONTAL POSITION WITH LOAD LV'

1) Lug Weld Check Per Unit Width of Weld Throat

* Centroid , n = 2b%/ (4 * b +2d1) = 44.014 mm
m=b-n = 80.986 mm
* Twisting Moment , T =(b+e-n)*LV'= 1670586 kg-mm

* The polar moment of inertia of weld , Jw
Jw = 4*[b7/12+b*(b/2-n)] + 2*d1*n® + 2*b*(d1+d2/2)> + 2*b*(d2/2)* + 2*[d1°/12+d1*(d1/2+d2/2)"]
= 4595105 mm’

* Distance from c.g to point being analyzed, C =i i[m2 + (O.Sd')z] = 132.60 mm
Analyzed point is A

* Weld length, L=2*b+dl = 355.00 mm

a) Direct shear force, fs = LV' / L = 12.685 kg/mm

b) Max. Load from twisting, =T * C / Jw = 48.209 kg/mm

Vertical component , fv=m * f/C = 29.443 kg/mm

Horizontal component , th=0.5d"* {/C = 38.174 kg/mm

¢) Combined load per mm , F =1 i [fhz+ (fs + fv)2] = 56.850 kg/mm

d) Weld size check

Allowable stress S = 0.4 * Sy = 10.688 kg/§ +

leg size, W =F /0.707S = 7.523 mm < Min. Size = 10.00 mm OK!

(B) VERTICAL POSITION WITH LOAD LH'
Weld area, A=L *(0.707 * W) = 2509.85 § +

fs'=LH' /A= 2.869 kg/$ : < 0.4 * Sy = 10.688 kg/i = OK'!



3-4. LIFTING LUG WELD CALCULATION - PAD TO SHELL WELD

MATERIAL AT PAD = SA 516-70 LV
YIELD STRESS = 26.72 § /5t
b = 150.00 mm
d = 260.00 mm
e = 290.00 mm
LV'= 4503.1 kg f\\
LH' = 72000 kg \J/
(A) HORIZONTAL POSITION WITH LOAD LV' nojm =
1) Lug Weld Check Per Unit Width of Weld Throat
*Centroid, n = m =b/2 = 75.000 mm
* Twisting Moment , T =(b+e-n)*LV'= 1643631 kg-mm
* The polar moment of inertia of weld , Jw
Jw=(b+dy’/6 = 11486833 mm’
* Distance from c.g to point being analyzed, C =i i[m2+(0.5d')2]= 150.08 mm
Analyzed point is A or B
* Weld length, L=2*b+2*d= 820.00 mm
a) Direct shear force, fs = LV' / L = 5.492 kg/mm
b) Max. Load from twisting, f=T * C / Jw = 21.475 kg/mm
Vertical component , fv=m * f/C = 10.732 kg/mm
Horizontal component , th = 0.5d"*f/C= 18.601 kg/mm
¢) Combined load per mm , F =1 i [fh+ (fs + fv)’] = 24.682 kg/mm
d) Weld size check
Allowable stress S = 0.4 * Sy = 10.688 kg/§ +
leg size, W =F /0.707S = 3266 mm < Min. Size = 10.00 mm OK!

(B) VERTICAL POSITION WITH LOAD LH'
Weld area, A=L*(0.707 * W)= 5797.4 § +

fs'=LH' /A= 1.242 kg/§ : < 0.4 * Sy = 10.688 kg/i = OK'!



4. STRENGTH OF TAILING LUG

I+

I+

I+

I+

USED MATERIAL = SA 516-70
YIELD STRESS OF TAILING LUG Sy = 26.72 §
ALLOWABLE SHEAR STRESS (0.4 * Sy) Ssa = 10.688 §
ALLOWABLE BENDING STRESS (0.66 * Sy) Sba = 17.635 §
ALLOWABLE TENSILE STRESS (0.6 * Sy) Sta= 16.032 §
TAILING LUG Q'TY. N= 1 EA
LIFTING LOAD (MAX. AT HORIZONTAL COND.) TV = 540937 kg
LIFTING LOAD PER TAILING LUG (VERTICAL FORCE) TV'=TV/N = 540937 kg
LIFTING LOAD (MAX. AT VERTICAL COND.) AT 65.00 deg. TH= 4043.83 kg
LIFTING LOAD PER TAILING LUG (HORIZONTAL FORCE) TH'=TH/N = 4043.83 kg
* DIMENSIONS
t= 20.0 mm 2= 26.00 mm
L= 164.0 mm 3= 26.00 mm
R= 60.0 mm L1= 151.00 mm
d= 27.0 mm L2= 133.00 mm
= 7.0 mm (WELD LEG) L3 = 89.00 mm
Dp= 0.0 mm TOTAL WELD LENGTH L4 = 298.00 mm
t4= 0.0 mm L
L3
I t4 t
e 5y
| ]
j ‘
N S
o~
- L2
** STRENGTH CALCULATION **
4-1) SHEAR STRESS AT HORIZONTAL STATE
S1=2TV'/[2R-d) *t+1/2 * (Dp-d) * 2t4] = 5817 § /§
i iS1= 5.817 § /8« < Ssa= 10.69 § /8
OK.!
4-2) TENSION STRESS AT HORIZONTAL STATE
S2=TV'/[(2R-d) *t+(Dp-d) * 2t4] = 2908 § /§ +
iS22 = 2.908 § /8 < Sta = 16.032 §
OK.!
4-3) BENDING STRESS AT MAX. SLOPED LOAD STATE , AT 65.00 deg.
S3=6*TH' *L /[(2* Ry*t]= 13.816 § /§ =
i iS3= 13.816 § /8« < Sba = 17.635 §

OK.!

+

I+

I+



4-4) TENSION STRESS AT MAX. SLOPED LOAD STATE , AT 65.00 deg.

S4=TH/[Q*R-d)*t]= 2174 8 /8 -
i hs4= 2.174 N < Sta= 16.032
0K.!
4-5) COMBINE STRESS AT MAX. SLOPED STATE, AT 65.00 deg.
Scomb = S3/ Sba+S4 / Sta = 0.919 < 1.0
0K.!
4-6) CHECK OF WELDMENT
Sw=TV'/(2*L4* W)= 1297 § /8 =
i iSw= 1.297 § /8 s < 0.49 * Sba = 7.856

OK.!

+



5. BASE BLOCK UNDER ERECTION CONDITION

5-1. SECTIONAL PROPERTIES OF BASE BLOCK

t4

17
tl = 10.00 mm
2= 2600 mm v LS _H—
3= 2600  mm - 4@
4= 0.00  mm o 4
1.2a= 89.00 mm
(7777771
L2b= 4400 mm N
L3= 89.00 mm ?Di
L4= 0.00 mm
= 151.00 mm v 2
Di-= 1212.00 mm
N L2a |L2b
5-2. EFFECTIVE LENGTH OF SKIRT
Rm=Di+tl)/2= 611.00 mm
L1=Min.(0.78 *i i (Rm * t1), 16*t1) = 60.97 mm
5-3. SECTION AREA , A
Al=tl *(L+L1+13)= 23797 § -
A2=12* (L2a+L2b)= 3458.0 § :
A3=t3*13= 23140 § :
Ad=t4*14= 00§ =
TOTAL AREA, A = 81517 § =
5-4. CENTROID, C
hl=L2a+tl/2= 94.0 mm
h2=(2a+12b)/2= 66.5 mm
h3=13/2-(L3-L2a)= 44.5 mm
hd=12a+tl +L4/2= 99.0 mm
C=[(Al * hl)+ (A2 * h2) + (A3 * h3) + (A4 * hd)]/ A = 68.28 mm
Y =(L2a+L2b)-C= 64.72 mm
5-5. MOMENT OF INERTIA OF AREA, I (ABOUT NEUTRAL AXIS)
I1=(L+L1+ t3)*t1"3/12 + Al * (hl - C)*2 = 1593690 mm~4
[2=12%(L2a+1L2b)"3 /12 + A2 * (h2-C)"2 = 5108372 mm™4
[B=t3*L3"3/12+A3* (h3-C)"2= 2836293 mm™4
[4=t4* L4r3 /12 + A4 * (hd - C)2 = 0 mm~4
TOTALI=11+12+13+14 = 9538355 mm~4

5-6. MIN. SECTION MODULUS, Z

Z1=1/C= 139689 mm"3
2=1/Y= 147385 mm”3
Z=Min.(Z1,722)= 139689 mm"3



5-7. STRESS IN BASE BLOCK DUE TO TV

TV = 5409.4 kg (Max. Force at Tailing Lug)

R = 636.72 mm (Radius to neutral axis)

Sy = 26.72 kg/§ + (Yield Strength of Base)

zZ = 139689 kg/mm”3 (Section Modulus of Base)
A = 8151.7 § : (Section Area of Base)

a) BENDING MOMENT (Ma) & TANGENTIAL FORCE (Ta) AT BASE BLOCK

CASE ; NO BRACING : ROARK 4th ED. CASE 25

Ma=02387 * TV * R = 822140 kg-mm
Ta=02387*TV = 12912 kg
¥ = Ma/Z+TalA = 6.044 kg/b < 0.668y =

THEREFORE, BRACING IS NOT REQUIRED !!

17.635

ke

§
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6. LOCAL STRESS CALCULATION (LIFTING LUG)

Geometry
Height(radial): 1.3386" Pad Thickness: 0.5512"
Width (circumferential): 8.2677" Pad Width: 10.2362"
Length 4.9213" Pad Length: ~ 5.9055"
Fillet Weld Size: 0.3937" Pad Weld Size: 0.3937"
Location Angle: 45.00°

Applied Loads

Radial load: P, = 0lbp

Circumferential moment: M = 13,887.39 Ibg-in
Circumferential shear: Vo= 9,942.86Ibg
Longitudinal moment: ~ Mp, =21,699.04 Ibg-in

Longitudinal shear: VL= 15,873.31bg
Torsion moment: M= 0 Ibg-in
Internal pressure: P= 0 psi
Mean shell radius: Rp= 242717in
Shell yield stress: Sy= 25,000 psi

Maximum stresses due to the applied loads at the lug edge (includes pressure)

Ry, /t=242717/1.1024 =22.0179

Cy=4.5276, C, =2.8543 in

Local circumferential pressure stress = P*R; / t =0 psi
Local longitudinal pressure stress = P¥R; / (2*t) =0 psi

Maximum combined stress (P, +P,+Q) = 2,645 psi
Allowable combined stress (P +P+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P, +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P, +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P, ) = -502 psi
Allowable local primary membrane (P, ) = +-1.5*S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the lug edge per WRC Bulletin 107

Figure value ] Ay | A1l Bu ] B Cy G |p | Dy
3C* 3.1393 0.1455 0 0 0 0 0 0 0 0
4C* 3.5843 0.1678 0 0 0 0 0 0 0 0

1C 0.1013 0.1701 0 0 0 0 0 0 0 0
2C-1 0.0679 0.1701 0 0 0 0 0 0 0 0
3A* 0.7642 0.16 0 0 0 o) -149] -149] 149 149

1A 0.0897 0.1875 0 0 0 0f-1,352) 1,352 1,352 ] -1,352
3B* 2.2836 0.1372 =502 | -502 502 502 0 0 0 0
1B-1 0.0449 0.1453 | -1,364 | 1,364 | 1,364 | -1.364 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0
Total circumferential stress -1,866 862 ] 1,866 -862 | -1,501 | 1,203 | 1,501 | -1,203

Primary membrane circumferential stress* | -502 | -502] 502 5021 -149) -149 149 149

3C* 2.8809 0.1678 0 0 0 0 0 0 0 0
4C* 3.7332 0.1455 0 0 0 0 0 0 0 0
1C-1 0.1142 0.1539 0 0 0 0 0 0 0 0
2C 0.0758 0.1539 0 0 0 0 0 0 0 0
4A%* 1.1601 0.16 0 0 0 0 -186 -186 186 186
2A 0.0512 0.1678 0 0 0 0 -862 862 862 -862
4B* 0.6622 0.1372 -132 ) -132 132 132 0 0 0 0
2B-1 0.0715 0.1438 | -2,195 1 2,195 1 2,195 | -2,195 0 0 0 0
Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress -2,327 § 2,063 | 2,327 | -2,063 | -1,048 676 | 1,048 -676
Primary membrane longitudinal stress* -132]) -132 132 1321 -186] -186 186 186
Shear from M, 0 0 0 0 0 0 0 0

Circ shear from V, 498 | 498 | -498 ] -498 0 0 0 0

Long shear from V,, 0 0 0 0f-1,261 f-1,261 | 1,261 ] 1,261

Total Shear stress 498 4981 -498 -498 | -1,261 | -1,261 | 1,261 | 1,261
Combined stress (P,+P,+Q) -2,645 12,243 12,645 | -2,243 ] 2,562 | 2,576 ] 2,562 | 2,576

Note: * denotes primary stress.
Maximum stresses due to the applied loads at the pad edge (includes pressure)

Ry /t=24.2717/0.5512 = 44.0357
C;=5.5118,Cy=3.3465 in

Local circumferential pressure stress = P*R; / t =0 psi
Local longitudinal pressure stress = P*R; / (2*t) =0 psi

Maximum combined stress (P, +P+Q) = -5,920 psi
Allowable combined stress (P, +P,+Q) = +-3*S = +-50,100 psi

Note: The allowable combined stress (P +P,+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P;) =-1,816 psi
Allowable local primary membrane (P;) = +-1.5*%S = +-25,050 psi

The maximum local primary membrane stress (P, ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value i Ay A1 | By B; Cy C | by]| D
3C* 4.5514 0.1735 0 0 0 0 0 0 0 0
4C* 6.0293 0.2029 0 0 0 0 0 0 0 0

1C 0.0658 0.206 0 0 0 0 0 0 0 0
2C-1 0.0322 0.206 0 0 0 0 0 0 0 0
3A* 1.8247 0.1923 0 0 0 o) -s81) -381| 581 581

1A 0.0717 0.2215 0 0 0 0]-3,657) 3,657 3,657 | -3,657
3B* 4.8245 0.1628 | -1,816 | -1,816 | 1,816 | 1,816 0 0 0 0
1B-1 0.0297 0.1721 ] -3,048 | 3,048 ] 3,048 | -3,048 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress -4.864 | 1,232] 4,864 | -1,232 | -4,238 | 3,076 | 4,238 | -3,076
Primary membrane circumferential stress* | -1,816 | -1,816 | 1,816 | 1,816 -581 -581 581 581
3C* 3.7865 0.2029 0 0 0 0 0 0 0 0

4C* 6.4817 0.1735 0 0 0 0 0 0 0 0
1C-1 0.0733 0.1846 0 0 0 0 0 0 0 0

2C 0.0422 0.1846 0 0 0 0 0 0 0 0
4A%* 3.4946 0.1923 0 0 0 0 -909 -909 909 909

2A 0.0373 0.1974 0 0 0 0]-2,135]) 2,135 2,135]-2,135
4B* 1.7514 0.1628 -564 -564 564 564 0 0 0 0
2B-1 0.0453 0.1694 | -4,722 | 4,722 14,722 | -4,722 0 0 0 0
Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress -5,286 | 4,158 | 5,286 | -4,158 | -3,044 | 1,226 | 3,044 | -1,226
Primary membrane longitudinal stress* =564 1 -564| 564 5641 909 -909] 909 909
Shear from M, 0 0 0 0 0 0 0 0

Circ shear from V, 818 818 -818] -818 0 0 0 0

Long shear from V,, 0 0 0 0]-2,151 f-2,151 | 2,151 | 2,151

Total Shear stress 818 818 -818 -818 | -2,151 | -2,151 } 2,151 | 2,151
Combined stress (P, +P,+Q) -5,920 | 4,371 5,920 | -4,371 | -5,873 | 4,683 ] 5,873 | 4.683

Note: * denotes primary stress.




