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DRAWING SCHEDULE
DESCRIPTIONTATE DWG. NO.

SPECIFICATIONS, NOTES, & DRAWINGS24-018-01-000
GENERAL ARRANGEMENT24-018-01-001

ORIENTATION24-018-01-002
NOZZLE SCHEDULE24-018-01-003

NOZZLE STANDARD DETAILS24-018-01-004
CROSS SECTION & JOINT DETAILS24-018-01-005

SHELL WELD MAP24-018-01-007
SHELL PLATE DETAILS24-018-01-008

HEAD DETAILS24-018-01-020

HEAD DETAILS24-018-01-030

SHELL MANWAY DETAILS24-018-01-040

MISCELLANEOUS DETAILS24-018-01-060
MISCELLANEOUS DETAILS24-018-01-061

SADDLE DETAILS24-018-01-065
SADDLE DETAILS24-018-01-066
SADDLE DETAILS24-018-01-067

FOUNDATION LOAD DETAILS24-018-01-070

SHIPPING ENVELOPE24-018-01-090

STUB ENDS: PLATE FLANGES:

FORGINGS/COUPLINGS:

GASKETS (HYDROSTATIC TEST):

WELD FLUX/SPATTER, MILL SCALE, TRASH ETC, AFTER

TANK/VESSEL TO BE THOROUGHLY CLEANED OF ALL FOREIGN MATTER, INCLUDING DIRT,

MINIMUM DESIGN METAL TEMPERATURE (MDMT):

CONSTRUCTION SHALL BE IN ACCORDANCE WITH:

LADDER/STAIRWAY:

OTHER:

NOZZLE NECK (PIPE):

PLATFORM:

GASKETS:

FLANGE BOLTS:

TOP ANGLE:

INSULATION RINGS:

ANCHOR CHAIRS:

SKIRT:

SHELL:

EST. WEIGHT EMPTY:

DESIGN CONDITIONS:

INSPECTION BY:

HYDRO-TEST CONDITIONS:

CORROSION ALLOWANCE:

EQUIPMENT NO.

MATERIAL NOTES:

HANDRAIL:

NOZZLE NECK (PLATE):

BACKING FLANGES:

STIFFENING RINGS:

SUPPORT LEGS:

HEADS/ROOF/BOTT0M:

STRUCTURAL BOLTS:

REPADS:

BASE RING:

SYMBOL APPLIED:

SPECIFIC GRAVITY:

MANUFACTURER SERIAL NO.

DESIGN NOTES:

N/AN/A
SA182-F304/304L

FABRICATION.

SA193-B8/ SA194-GR8

N/A

N/A
SA240-304/304L

TATE & CUSTOMER

SADDLE: SA240-304/304L

N/A

1/8" THK GARLOCK 3000

N/A N/A

RED RUBBER

SA312-TP304/304L SMLS

N/A
N/A

N/A
SA240-304/304L

N/A
SA240-304/304L

N/A
N/A

N/A

SA240-304/304L

0 INTERNAL/ 0 EXTERNAL P.S.I.G. @ 150° F

SEE SHEET 080

13,906 LBS

1/8" SHELL & HEADS
0  F @ 0 INTERNAL/ 0 EXTERNAL P.S.I.G.

NONE

0.9

303-150-00914
ASME SECTION VIII, DIV. 1 ~ NON-STAMPED

24-018-01

HYDROSTATIC TEST DETAILS24-018-01-080
HYDROSTATIC TEST DETAILS24-018-01-081
HYDROSTATIC TEST DETAILS24-018-01-082
HYDROSTATIC TEST DETAILS24-018-01-083

TATE METALWORKS STANDARD WELD PROCEDURES:
 WPS 21:     STAINLESS STEEL, SAW
WPS 22:     STAINLESS STEEL, FCAW
WPS 50:     STAINLESS STEEL, GTAW

TESTING PROCEDURES:
   

A. VISUAL:  VISUALLY INSPECT ALL WELDS.
B. AIR TEST SHELL REPADS: TATE PROCEDURE: APT-001
C. RADIOGRAPHY: X-RAY PER ASME, SECTION VIII, DIVISION 1
D. HYDROSTATIC:  HYDROSTATIC PRESSURE TEST PER TEST PROCEDURES

CLEANING:
  

A. ALL WELDS WILL BE MECHANICALLY CLEANED.  THE REMOVAL OF HEAT TINT IS INCLUDED
B. AT THE COMPLETION OF FABRICATION, BUT PRIOR TO THE HYDROTEST, THE INTERIOR AND EXTERIOR
     OF THE TANK WILL BE PICKLED AND PASSIVATED PER TATE METALWORKS STANDARD STAINLESS
     STEEL CLEANING METHODS

3.

2.

1.

SHELL MANWAY DETAILS24-018-01-041
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 60"  60"  60"  43.5" 
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 3'-0" 

 1'-81
4"  8'-93

4"  10'-6" 

 23'-111
2" TANGENT/ TANGENT 

 2" SF  2" SF 

2"
N4

3"
N5

24"
N3

3"
N2

2"
N1

1/2"
N7

1/2"
N8

1/2"
N9

3"
N6

1/2"
N10

4

3/4"
N11

3/4"
N12

A

A

B

B

060-NP

WORKLINE
CENTER PUNCH OUTSIDE ONLY
FOR PERMANENT REFERENCE
ALL DIMENSIONS ARE TO THIS POINT

007-1007-2007-3007-4007-5

030-1

020-1

065-FS
FIXED

067-SS
SLIDING

067-SS
SLIDING

ELEVATION
(REF DWG -002 FOR TRUE ORIENTATION)

061-3
061-1061-2

061-3

062-1 062-2 062-3

NOZZLE ELEV. CHART
(HORIZONTALLY FROM WORKLINE)

MARK No. SIZE DIMENSION
N1 2"  17'-9

3
4" 

N2 3"  14'-7
3
4" 

N3 24"  3'-6
3
4" 

N4 2" - 1'-81
4" 

N5 3"  3'-6
3
4" 

N6 3" HEAD
N7 1/2" HEAD
N8 1/2" HEAD
N9 1/2" HEAD
N10 1/2" HEAD
N11 3/4" HEAD
N12 3/4" HEAD
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GENERAL ARRANGEMENT
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BOLT HOLES OF ROOF NOZZLE
TO STRADDLE PRIMARY CL ,

(0-180, 90-270); NOT RADIAL CL  

180°

DETAIL FOR 2-HOLEING

270°

0°

90°

CL

CL

CL

BOLT HOLES OF
SHELL NOZZLES
TO STRADDLE

VERTICAL CL 's

DESCRIPTION SHEETQTY

ACCESSORY SCHEDULE

MARK

060-NP NAMEPLATE ASSEMBLY 1 060
061-1 LIFTING LUG 2 061

065-FS FIXED SADDLE 1 065
065-7 GROUNDING LUG 1 065

067-SS SLIDING SADDLE 2 067

CERTIFIED CORRECT

061-2 LIFTING LUG 2 061
061-3 LIFTING LUG REPAD 4 061

062-1,2,3 STIFFENING RING 1 062
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 5'
-1 4" 24"

N3
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N4
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4

4

SECTION A-A
HEAD NOZZLES NOT SHOWN FOR CLARITY

060-NP

065-7

B/ BASE PLATE
065-FS
067-SS

0°

270°

180°

90°

(4) LIFTING LUG ASSEMBLIES
REF DWG 24-018-01-061

240.11°

STIFFENING RING
REF DWG 24-018-01-062
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ORIENTATION
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GENERAL NOTES:
1. ALL NOZZLES TO BE FLUSH WITH THE INSIDE OF THE TANK UNLESS
    NOTED OTHERWISE.

WELD
DETAILMARK

NOZ NECKNOZ-SE
SCH/THICKSIZE CUT LGTH

FLANGE
TYPERATING

FLANGE
TYPE
SE

LG SIDE
PROJECTION

NOZZLE AND MANWAY SCHEDULE

SERVICEBOLTING
FLANGE

OS IS FLANGE
MATERIAL

NOZZLE NECKSH SIDE REPAD
WELD DIM & WPS

a/WPS b/WPS c/WPS d/WPS O.D.
REPAD

THICKe/WPS I.D. REMARKSf/WPS

---- --------3/16:50 -- --9---- SA312-TP304/304L SMLS SA182-F304/304L--FLUSH6"DRAIN--RFWN150#4 13/16"2" SCH 40SN1 -- --

        REF DWG 24-018-01-040        MANWAY    24"N3   

---- ------3/16:223/16:22 -- --7---- SA312-TP304/304L SMLS SA182-F304/304L--4"6"OUTLET--RFWN150#7 9/16"3" SCH 40SN2 -- --

---- --------3/16:50 -- --9---- SA312-TP304/304L SMLS SA182-F304/304L--FLUSH6"FILL--RFWN150#4 13/16"2" SCH 40SN4 -- --

---- --1/4:22----3/16:22 -- --10---- -- SA182-F304/304L--FLUSH3 7/8"VENT--THREADED3000#--3" FULL CPLGN5 -- --

---- --------1/4:22 1/4:22 --9--4" SA312-TP304/304L SMLS SA182-F304/304L8 7/8"FLUSH--LEVEL TRANSMITTER--RFSO150#12 7/16"3" SCH 40SN6 -- 5/16:22

REF DWG 24-018-01-045VISUAL LEVEL GAUGE1/2"N7

CERTIFIED CORRECT

REF DWG 24-018-01-045VISUAL LEVEL GAUGE1/2"N8

REF DWG 24-018-01-045VISUAL LEVEL GAUGE1/2"N9

REF DWG 24-018-01-045VISUAL LEVEL GAUGE1/2"N10

3

---- --1/4:50----3/16:50 -- w/ PLUG10---- -- SA182-F304/304L--FLUSH1 5/8"SPIN HOLE PLUG--THREADED3000#--3/4" FULL CPLGN11 -- --

---- --1/4:50----3/16:50 -- w/ PLUG10---- -- SA182-F304/304L--FLUSH1 5/8"SPIN HOLE PLUG--THREADED3000#--3/4" FULL CPLGN12 -- --
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DETAIL B
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A:TYP

B

007-1007-2

CROSS SECTION

007-3007-4007-5

ASME 2:1 ELLIPTICAL HEAD,
.375" NOM (.313 MIN)
96" ID x 86.4" DISH RAD x
16.399" K.R. x 26.313" OAH w/ 2" S.F.

ASME 2:1 ELLIPTICAL HEAD,
.375" NOM (.313 MIN)

96" ID x 86.4" DISH RAD x
16.399" K.R. x 26.313" OAH w/ 2" S.F.
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007-5

007-4

007-3

007-2

007-1

SHELL WELD MAP
VIEW FROM OUTSIDE

24-018-01
007-5

SD4L-4053

24-018-01
007-4

SD4L-4053

24-018-01
007-3

SD4L-4053

24-018-01
007-2

SD4L-4053

24-018-01
007-1

SD4L-4052

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

SHELL ASSEMBLY PIECES
007-1  1 PL, 0.313" x 43.5" x 302.575"  SA240-304/304L 2 1188  REF DWG 24-018-01-008
007-2  1 PL, 0.313" x 60" x 302.575"  SA240-304/304L 3 1589  REF DWG 24-018-01-008
007-3  1 PL, 0.313" x 60" x 302.575"  SA240-304/304L 3 1640  
007-4  1 PL, 0.313" x 60" x 302.575"  SA240-304/304L 3 1639  REF DWG 24-018-01-008
007-5  1 PL, 0.313" x 60" x 302.575"  SA240-304/304L 3 1639  REF DWG 24-018-01-008

ROLL ALL PLATES TO A 4'-0" I/S RADIUS
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ISSUED FOR CONSTRUCTIONCKS07/22/241

24-018-01-008SCALE 1:48

SHELL PLATE DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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CERTIFIED CORRECT
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MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

ELLIPSOILDAL HEAD

020-1  1
HD, .375" NOM THK (.313" MIN), 96" 
ID x 86.4" DISH RAD x 16.399" KR x 

26.313" OAH w/ 2"SF
 SA240-304/304L 1 1176  
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DWCNJBISSUED FOR CONSTRUCTIONCKS07/22/241

DWCNJBISSUED FOR CUSTOMER APPROVALCKS06/07/24A

24-018-01-020SCALE 1:10

HEAD DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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MARK SHIP
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ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

ELLIPSOILDAL HEAD

030-1  1
HD, .375" NOM THK (.313" MIN), 96" 
ID x 86.4" DISH RAD x 16.399" KR x 

26.313" OAH w/ 2"SF
 SA240-304/304L 1 1176  

Job Ph Sht Rev
DR. BY CHKD.REVISION DESCRIPTIONDATEREV.

REVISIONS

TITLE

SCALE DRAWING NUMBER

P.O. BOX 171  255 HAPPY LANE  SPARTANBURG, SC 29304-0171  (864) 576-3540
METALWORKS, INC.

BY
FILE NAME

ENGRG

CKS
24-018-01-030

   
   4

   
   3

   
   2

DWCNJBISSUED FOR CONSTRUCTIONCKS07/22/241

DWCNJBISSUED FOR CUSTOMER APPROVALCKS06/07/24A

24-018-01-030SCALE 1:10

HEAD DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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N3 ~ 24" MANWAY
ELEVATION - SIDE VIEW

A
040-4

040-7

040-3

040-6

040-1

TRIM FLUSH

040-2

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

040-N3  1 MANWAY ~ 24"    838  
    040-1  1 FL, 24" 150# RF/WN SCH 40S BORE  SA182-F304/304L  269  
    040-2  1 PL, .375" x 22.049" x 74.126"  SA240-304/304L  177 ROLL TO A 24" OD, SHOP TRIM
    040-3  1 FL, 24" 150# RF BLD  SA182-F304/304L  417  
    040-4  2 RB, 5/8" DIA 1'- 3/8" SA479-304/304L  1 FORM PER DETAIL
  040-6 1 G, 1/8" THK 24" 150# RING  GARLOCK 3000  1  
  040-7 20 AT, 1 1/4" DIA x 7 1/2" LG. w/ (2) HN  SA193-B8/SA194-GR8  0  
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DWCNJB 
ISSUED FOR CONSTRUCTION.CKS07/22/241

24-018-01-040SCALE 1:10

SHELL MANWAY DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" ID x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK

-1



CERTIFIED CORRECT
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DETAIL C 
SCALE 1 : 6
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MK 041-10
SCALE 1:4

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

040-N3  1 MANWAY ~ 24"    838  
    041-8  1 PL, .75" x PATTERN  SA240-304/304L  5  
    041-9  1 PI, 2 1/2" DIA SCH 160 9" SA312-TP304/304L WLD  8  
    041-10  1 PL, .5" x PATTERN  SA240-304/304L  1  
    041-11  1 JAW END FITTING, 7/8"-9 x 12" LG.,      

1 1/8" OPENING WIDTH w/ 3/4" DIA PIN  GALVANIZED  3 McMASTER CARR P/N: 3001T26
    041-12  2 HN, 7/8" DIA  SA194-2H HDG  0  
    041-13  1 RB, 2" DIA 4'-6" SA479-304/304L  39 SHOP TRIM
    041-14  1 PI, 2 1/2" DIA SCH 160 3/4" SA312-TP304/304L WLD  1  
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DWCNJB 
ISSUED FOR CONSTRUCTION.CKS07/22/241

24-018-01-041SCALE 1:10

SHELL MANWAY DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" ID x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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1/4
 DETAIL A

SCALE 1:6
SAME FOR N10, BUT MIRRORED

045-2
045-1

045-3

045-6045-5045-6

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

    045-N7  1 VISUAL LEVEL GAUGE ~ 1/2"    1  
    045-N10  1 VISUAL LEVEL GAUGE ~ 1/2"    1  
      045-1  2 PI, 1/2" DIA SCH 40S 5" SA312-TP304/304L SMLS  0  SHOP TRIM
      045-2  2 EL, 1/2" DIA SCH 40S 45  SA403-WP304/304L  0  
      045-3   2 PI, 1/2" DIA SCH 40S  3" SA312-TP304/304L SMLS  0 THREAD ONE END

    N8 & N9 TANK ASSY PIECES
    045-4    2 PI, 1/2" DIA SCH 40S 7 7/16" SA312-TP304/304L SMLS  1 THREAD ONE END, SHOP TRIM

    LEVEL GAUGE SHIPPING PIECES
    045-5  2  PI, 1/2" DIA SCH 40S 1'-2 3/4" SA312-TP304/304L SMLS  1 THREAD BOTH ENDS
    045-6  8  FC, 1/2" DIA 3000# THREADED  SA182-F304/304L  0  
    045-7 2  PI, 1/2" DIA SCH 40S 3" SA312-TP304/304L SMLS  0 THREAD BOTH ENDS

    045-8  2  KENNCO K9900 SERIES LEVEL GAUGE, 
1/2" DIA MNPT x 45" CL TO CL   --  0 P/N: K99M50-45-ABH-GS-ATM-150-NS 
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DWCNJB 
ISSUED FOR CONSTRUCTION.CKS07/22/241

24-018-01-045SCALE 1:12

NOZZLE DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" ID x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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MAX. ALLOWABLE EXTERNAL WORKING PRESSURE

MAX. ALLOWABLE WORKING PRESSURE

 NAME PLATE FACSIMILE 

PSI (kPa)

YEAR BUILT

MANUFACTURER'S SERIAL NUMBER

MIN. DESIGN METAL TEMPERATURE

°F (°C) AT

°F (°C)

°F (°C)PSI (kPa) AT

PSI (kPa) AT

(NAME OF MANUFACTURER)

(IF SPECIFIED; SEE NOTE (1))

0

0

32.78

24-018-01

2024

32.78

TATE METALWORKS INC.
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CERTIFIED CORRECT
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MK 060-1

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

060-NP  1 NAMEPLATE ASSEMBLY    6  
  060-1  1 PL, .188" x PATTERN  SA240-304/304L 4 6  
  060-2  1 TATE ASME STANDARD NAMEPLATE  ALUMINIUM 16 0  
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DWCNJB 
ISSUED FOR CONSTRUCTIONCKS07/22/241

DWCNJBISSUED FOR CUSTOMER APPROVALCKS06/07/24A

24-018-01-060SCALE 1:4

MISCELLANEOUS DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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CL HOLE & CL LUG
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5/16
22

MK 061-1 PATTERN
MK 061-2 PATTERN (OPP)

SCALE: 1:4

061-3

EACH LUG REQUIRES A MINIMUM SHACKLE
 SIZE OF 4.75 TONS WITH A PIN SIZE OF 0.75 INCHES 

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

   LIFTING LUG ASSEMBLY    98  
  061-1  2 PL, .625" x PATTERN  SA240-304/304L  10  
  061-2   2 PL, .625" x PATTERN  SA240-304/304L  10  
  061-3   4 RP, .313" x 10" x 16"  SA240-304/304L  14 RADIUS CORNERS
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DWCNJB 
ISSUED FOR CONSTRUCTIONCKS07/22/241

DWCNJBISSUED FOR CUSTOMER APPROVALCKS06/07/24A

24-018-01-061SCALE 1:40

MISCELLANEOUS DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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MK 062-1
SCALE 1:12
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 R48.313" 

MK 062-2
MK 062-3 (MIRRORED, EXCEPT BEVEL)

SCALE 1:12

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

STIFFENING RING SHIPPING PIECES
062-1 2  RS, .5" x PATTERN  SA240-304/304L  34  
062-2 1  RS, .5" x PATTERN  SA240-304/304L  28  
062-3 1  RS, .5" x PATTERN  SA240-304/304L  28  
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ISSUED FOR CONSTRUCTIONCKS12/16/241

24-018-01-062SCALE 1:16

MISCELLANEOUS DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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SECTION A-A
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LUG
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065-5 065-6

 1
1 4" 
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DETAIL B
SCALE 1 : 4

1/2" DIA HOLE
CENTERED

065-7
GROUNDING LUG

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

065-FS  1 FIXED SADDLE ASSEMBLY    824  
  065-1  1 PL, .5" x 12" x 84.4"  SA240-304/304L 6 146 w/ HOLES
  066-2  1 PL, .625" x PATTERN  SA240-304/304L 10 303  
  065-3  2 PL, .5" x 8" x 53.372"  SA240-304/304L 7 62  
  065-4  2 PL, .5" x 3.688" x 11.125"  SA240-304/304L 8 6  
  065-5  4 PL, .5" x 3.688" x 15.704"  SA240-304/304L 9 8  
  065-6  1 RP, .313" x 15" x 152.269"  SA240-304/304L 5 206 ROLL TO 4'- 5/16" I/S RAD, RADIUS CORNERS
  065-7  1 L, 2" x 2" x 1/4" 2" SA479-304/304L 11 1 w/ HOLE
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ISSUED FOR CONSTRUCTIONCKS07/22/241

DWCNJBISSUED FOR CUSTOMER APPROVALCKS06/07/24A

24-018-01-065SCALE 1:15

SADDLE DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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24-018-01-066SCALE 1:10

SADDLE DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" I.D. x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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SECTION A-A
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065-5 065-6

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

067-SS  2 SLIDING SADDLE ASSEMBLY    823  
  067-1  2 PL, .5" x 12" x 84.4"  SA240-304/304L 6 145 w/ HOLES
  066-2  2 PL, .625" x PATTERN  SA240-304/304L 10 303  
  065-3  4 PL, .5" x 8" x 53.372"  SA240-304/304L 7 62  
  065-4  4 PL, .5" x 3.688" x 11.125"  SA240-304/304L 8 6  
  065-5  8 PL, .5" x 3.688" x 15.704"  SA240-304/304L 9 8  
  065-6  2 RP, .313" x 15" x 152.269"  SA240-304/304L 5 206 ROLL TO 4'- 5/16" I/S RAD, RADIUS CORNERS
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CERTIFIED CORRECT

ALL VALUES REPORTED ARE SERVICE LOADS FOR ALLOWABLE STRESS DESIGN (ASD)

VERTICAL FORCE VALUES IN THE SEISMIC CASE INCLUDE THE 0.7 * 0.2 * SDS DEAD LOAD FACTOR (COMPRESSIVE).
THE 0.7 TERM IS THE ASD LOAD COMBINATION FACTOR.

FOUNDATION LOAD SUMMARY
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FOUNDATION LOAD DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL
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CERTIFIED CORRECT

3

VESSEL HYDROTEST PROCEDURE:
TATE PROJECT NUMBER:  24-018, PHASE 01   
CUSTOMER:  WESTROCK JACKSONVILLE, FL                                             
TANK NAME:  PMO OIL TANK
TANK NUMBER:  303-150-00914
DESIGN CODE:  ASME NON-STAMP

TEST:

1. COMPLETE ALL NDE REQUIREMENTS PER “TESTING PROCEDURES” AS OUTLINED ON DRAWING 24-018-01-000.
2. SET THE VESSEL IN THE SHOP, IN A HORIZONTAL POSITION WITH NOZZLE N5-3” AT THE TOP OF THE TANK AS A VENT.
3. INSTALL ALL BLIND FLANGES ON THE VESSEL, EXCLUDING NOZZLE N5-3” VENT.  NOZZLE N5-3” VENT IS TO REMAIN OPEN THE ENTIRE TIME THE WATER SUPPLY IS CONNECTED TO THE VESSEL.  THIS NOZZLE WILL ALSO BE USED TO OBSERVE THE FILLING OF THE VESSEL.
4. INSTALL THE VALVE AND TEST TREE ASSEMBLY ON NOZZLE N1-2”.
5. CONNECT THE WATER SUPPLY/FIRE HOSE TO THE VALVE ASSEMBLY CONNECTED TO NOZZLE N1-2”.  DO NOT TURN ON THE WATER.
6. CONNECT THE PRESSURE HOSE TO NOZZLE N1-2” VALVE TREE (3/8” BALL VALVE CONNECTION)
7. WITH THE NOZZLE N5-3” VENT STILL OFF THE VESSEL, BEGIN FILLING THE VESSEL BY TURNING ON THE WATER SUPPLY, AND OPENING THE BALL VALVE CONNECTED TO NOZZLE N1-2”.
8. FILL WITH WATER UNTIL THE VESSEL IS FULL.  CLOSE BALL VALVE.  DISCONNECT THE WATER SUPPLY.
9. INSTALL THE VENT ASSEMBLY ON NOZZLE N5-3” AND CLOSE BALL VALVE
10. THE VESSEL SHOULD BE COMPLETELY FULL OF WATER.  THE PRESSURE GAUGE SHOULD READ 4.10 PSI.
11. THIS SHOULD BE HELD FOR ONE HOUR, WHILE INSPECTING THE VESSEL, VERIFYING THERE ARE NO LEAKS.
12. AFTER IT IS CONFIRMED THAT THERE ARE NO LEAKS, RELEASE THE PRESSURE BY SLOWLY OPENING THE BALL VALVE ON NOZZLE N5-3” VENT ASSEMBLY.
13. REMOVE THE VENT ASSEMBLY BLIND FLANGE FROM NOZZLE N5-3” VENT
14. CONNECT THE FILL/DRAIN HOSE TO NOZZLE N1-2”, OPEN VALVE AND DRAIN THE VESSEL EMPTY.

GAUGE SIZE SHOULD BE BETWEEN 1.5 * TEST PRESSURE AND 4.0 * TEST PRESSURE PER ASME
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HYDROSTATIC TEST DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL

8'-0" ID x 23'-11 1/2" T.L. TO T.L.   ~   PAPER MACHINE BULK OIL STORAGE TANK
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CERTIFIED CORRECT

3

VESSEL PRESSURE TEST CONFIGURATION
FIRE HOSE

CONNECTION

PRESSURE WASHER
CONNECTION

PRESSURE
RELIEF

082-HT1

083-HT2 VENT ASSY

NOZZLE N5-3"

NOZZLE N1-2"

PRESSURE TEST
TREE ASSEMBLY
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CERTIFIED CORRECT

 8"
 

 1'
-0

" 

 21
2" 

DIA

1/4

12
 

3/16
30

TYP

2

PRESSURE WASHER
CONNECTION

082-1

082-5

082-6
082-7

082-8 082-9
082-10

082-9
082-10

082-9
082-11

082-12 082-12

PRESSURE
RELIEF

082-2

082-3

082-4
FIRE HOSE

CONNECTION

PRESSURE TEST TREE ASSEMBLY ~ 082-HT1
ELEVATION

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

082-HT1 1 PRESSURE TEST ASSEMBLY TREE    36  
  082-1  1 FL, 2" 150# RF BLD  SA105  4 w/ 2 1/2" DIA HOLE IN CENTER
  082-2  1 PI, 2 1/2" DIA STD WT 1' SA53-B ERW  6 THREAD ONE END

  082-3  1
BALL VALVE, 2 1/2" NPT FEMALE, MAX 

PRESSURE 450 PSI @ 100°F, MAX 
STEAM PRESSURE 150 PSI @ 366°F, 

TEMP RANGE -50° TO 400°F
BRASS  16 McMASTER CARR P/N: 47865K71

  082-4  1
FIRE HOSE CONNECTION, MALE 
ADAPTOR x FEMALE SWIVEL 2 

1/2" NPT x 2 1/2" NH/MST
BRASS  3 McMASTER CARR P/N: 6494T63

  082-5  1 HALF COUPLING, 3/8" DIA 3000# 
THREADED SA234-WPB 0

  082-6  1 PI, 3/8" DIA STD WT 6" SA53-B ERW  0 THREAD BOTH ENDS

  082-7  1
BALL VALVE, 3/8" NPT FEMALE, MAX 

PRESSURE 600 PSI @ 100°F, MAX 
STEAM PRESSURE 150 PSI @ 366°F, 

TEMP RANGE -50° TO 400°F
BRASS 0 McMASTER CARR P/N: 47865K22

  082-8  1 HALF COUPLING, 1/2" DIA 3000# 
THREADED SA234-WPB 0

  082-9  3 PI, 1/2" DIA STD WT 6" SA53-B ERW  0 THREAD BOTH ENDS

  082-10 2 INLINE 300# THREADED REDUCING 
TEE, 1/2" x 1/4" PIPE DIA IRON 1 McMASTER CARR P/N: 4627K332

  082-11  1
BALL VALVE, 1/2" NPT FEMALE, MAX 

PRESSURE 600 PSI @ 100°F, MAX 
STEAM PRESSURE 150 PSI @ 366°F, 

TEMP RANGE -50° TO 400°F
BRASS 1 McMASTER CARR P/N: 47865K23

  082-12 2
PRESSURE GAUGE, 2 1/2" FACE x 

1/4" BTM MOUNT w/ CERTS, 
PRESSURE RANGE 0-300 PSI, 

TEMP RANGE -40° TO 150°
-- McMASTER CARR P/N: 9796T31

  082-13  1 CONCENTRIC REDUCER, 2 1/2" x 
2" STD WT  SA234-WPB  2  
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CERTIFIED CORRECT

2

2

2

083-2

083-3

VENT ASSEMBLY ~  083-HT2
ELEVATION

MARK SHIP
PC.

ASSEM
PC. DESCRIPTION LENGTH SPECIFICATION SOURCE WEIGHT/ 

EA. NOTES

083-HT2  1 VENT ASSEMBLY - 3"    25  
  083-2  1 PI, 3" STD WT PIPE NIPPLE 6" SA53-B ERW  4 THREAD BOTH ENDS

  083-3 1

BALL VALVE, 3" NPT FEMALE, 
MAX PRESSURE 450 PSI @ 100°F, 
MAX STEAM PRESSURE 150 PSI 
@ 366°F, TEMP RANGE -50° TO 

400°F

BRASS 22 McMASTER CARR P/N: 47865K72
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CKSNJBISSUED FOR CONSTRUCTION.
REVISED VENT ASSEMBLY TO 3".DWC08/26/242
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HYDROSTATIC TEST DETAILS
WESTROCK SEMINOLE   ~   JACKSONVILLE, FL
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Deficiencies Summary

Deficiencies for Lifting Lug #1 (See Alternative Calc)
The local stresses in the WRC 537 calculation are excessive.

Deficiencies for Lifting Lug #2 (See Alternative Calc)
The local stresses in the WRC 537 calculation are excessive.

Warnings Summary

Warnings for Lifting Lug #1 (See Alternative Calc)
Pad width (2.5 in) is greater than 8*min[t , tp] = 1.504 in. External loads may cause the pad to fail by buckling unless intermediate pad
welds are used (See Bednar 7.5 paragraph 3). (warning)
Actual lug

 used as this is the minimum ratio covered by WRC 537.

(warning)
The lug extends beyond the edge of Cylinder #2. (warning)

Warnings for Lifting Lug #2 (See Alternative Calc)
Pad width (2.5 in) is greater than 8*min[t , tp] = 1.504 in. External loads may cause the pad to fail by buckling unless intermediate pad
welds are used (See Bednar 7.5 paragraph 3). (warning)
Actual lug

 used as this is the minimum ratio covered by WRC 537.

(warning)

Warnings for Saddle #1
Slotted bolt holes are specified on the saddle with the heavier weight. (warning)

Warnings for Vessel
Changes to steelmaking practices have increased the risk of brittle fracture at temperatures higher than the ASME impact test
exemption temperatures. It is highly recommended that the following supplemental requirements be applied for SA-105, SA-106 B, SA-
53 seamless, and SA-234: material composition should have a minimum Mn:C ratio of 5, and SA-105 flanges should require a grain size
of 7 or finer. (warning)

ASME B16.5 / B16.47 Flange Warnings Summary

Flange Applicable Warnings

Level Transmitter (N6) 1

Drain (N1) 1

Discharge (N2) 1, 2

Manway (N3) 1, 2

Fill (N4) 1, 2

No. Warning

1 For Class 150 flanges, ASME B16.5 para. 5.4.3 recommends gaskets to be in accordance with Nonmandatory Appendix B, Table
B1, Group No. I.

2 You have selected a low strength bolt material SA-193 B8 1 Bolt. ASME B16.5 para. 5.4.2 recommends gaskets for low strength
bolts to be in accordance with Nonmandatory Appendix B, Table B-1, Group No. Ia.

< =
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1
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Rounded Lug Design Pz

Pz   P
Customer:           5º

Job No: P
Date: 07/16/24

By: NJB e = 1.75 in t = 0.625 in

Rev: 2 3/24/2024 R = 2.5 in

Ø = 45

Design Basis for Lift Lugs: Px Py

1) Use Normal AISC Bending Stress Allowables
2) Recommended plate thickness > (0.25 * Hole Diam.)

but never less than 1/2"
3) Consider Size of Shackle Pin in relation

to the Lug Radius, R and the Hole Diameter, d H = 6 in.

Lug Material = 304/304L

Lug Yield Stress (Fy): 30,000 Psi (typ.)

Lug Ultimate Stress, (Fu): 75,000 Psi

Weld Ult. Stress: 75,000 Psi

Max. Tensile Weld Stress (Q): 22,500 Psi

Lug Dimensions & Loading Inputs:
Thickness of Lift Lug (t) = 0.625 in. min. t = 0.500 in.  (Based on Note 2 above)

Length of lug to Hole CL, (H) = 6 in.

Lug Width, (B) = 6 in. a = 2.250 in. OK
Lug Radius, (R) = 2.5 in. B = (2 * R) = 5 in.

Diameter of Hole, (d) = 1.5 in. e =[R - (d/2)] = 1.750 in. OK
Fillet weld size (tw) = 0.250 in. Min Weld Size per Table J2.4 = 0.25 in.

Required Weld Size = 0.203 in.

Tension Load on Single Lug, (P) = 3.5 kips   (In the plane of the lug)

Load Increase S.F. = 2.00

Design Tension Load, (Pu) = 7.00 kips

Angle to Horizontal, Ø = 45.00 degrees

Lateral Load, (Py) = 0.00 kips   (Perpendicular to the lug) Note:  If no load is given, the design assumes a perpendicular force based on a 5º offset

Lateral Load, (Py) = 0.61 kips   (Perpendicular to the lug)

Shackle Inputs from Crosby Group Catalog Shackle Dimensions

Will Shackles Be Used? Yes (Yes/No)

Total Design Tension Load, Pu: 2.63 Tons **
Shackle Size = 4.75 Tons OK

Shackle Length, C = 2.81 in. OK
Pin Size = 0.75 in. OK***

Jaw Opening, A = 1.25 in. OK

DRAFTING NOTE:

***  Tate standard is to provide minimum lift lug hole diameter of 3/8" larger than the pin

OK Tension Failure Check at Sides of Hole
OK Tension Fracture Check at Plate Edge Pz

OK Crushing Load Check on Plate Pu

OK Shear Failure Check at Plate Edge Pz

OK Combined Tension and Bending Stresses on the Lug
OK Weld Stresses on the Lug

Total Design Tension Load, Pu: 7.00 kips

Design Force, Px: 4.95 kips Ø
Design Force, Pz: 4.95 kips Py Px

Design Force, Py: 0.61 kips

tw = 0.25 in

24-018-01
WestRock Seminole

B =6 in.

a = 2.25 in

On the drawing under the Lift Lug Detail, place 
the following note:

Each lug requires a minimum shackle size of 4.75 Tons with 
a Pin Size of 0.75 inches

**  The Tate lifting plans use a 1.5 design factor for all rigging.  Therefore, the shackles will be sized 
based on this 1.5 factor since they are apart of the overall rigging system.

      d = 1.5 in
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Customer: WestRock Seminole
Job No: 24-018-01 Pz

Date: 07/16/24
By: NJB

    a          a

Four Potential Failure Modes for a Lug Plate

1.) Tension Failure at the Sides of the Hole (AISC Section D5.1) a = (B - d)/2 = 2.250 in.

t = 0.625 in.

Pu = 2 * a * t * Fu Fu = 75 ksi

Pu = 2*2.25*0.625*75 = 211 kips

Pallow. = 0.2 * Pu = 42.19 kips

Tension Force, Pz = 4.95 kips OK

Pu

2.) Crushing above the Pin and Tearing Tension (AISC Section J7)
Fracture at the Plate Edge e

Loose Fit Pin   (Tearing Tension Failure) Ø
Pallow. = (1.67 * Fb * t * e2)/d e = (R - d/2) = 1.750 in.

Pallow. = 38.36 kips Fb = 0.6* Fy = 18 ksi

Design Tension Force, Pu = 7.00 kips OK t = 0.625 in.

d = 1.5 in.

Snug Fit Pin   (Crushing Load)
Pallow. = 0.9 * Fy * t * d Fy = 30 ksi

Pallow. = 25.31 kips

Design Tension Force, Pu = 7.00 kips OK
Pu

3.) Shear Failure in the Lug Plate as the Pin Attempts to (AISC Section J4.2)
Plow its Way Toward the Free Edge of the Plate

Fy = 30 ksi Ø
Pu = 2 * (0.4 * Fy) * e * t e = 1.750 in.

Pu = 26.25 kips t = 0.625 in.

Design Tension Force, Pu = 7.00 kips OK

4.) Dishing (Out of Plane Buckling) Failure of Relatively Thin Lug Plates
which are Laterally Unrestrained 4.95 kips

Z

Dishing is prevented by establishing a minimum thickness limit. 7.00 kips

Following Design Basis Note 2 above should take care of this problem

Lug Stresses (AISC Section D2 & F11)
Y

Ø
4.95 kips

X

(d) 1.5 in. (t)
0.625 in.

1.750 in. 1.750 in.

(B) (H)

6 in. 6 in.

Plan View

Lug Gross Area, Ag = B * t

Ag = 3.75 in2

Lug Net Area, An = (B * t) - (d * t)

An = 2.81 in2
Plastic Section Mod., Zy = (t * B2)/4 6 (B)

Zy = 5.63 in3
in.

Tension Force, Pz = 4.95 kips Plastic Section Mod., Zx = (B * t2)/4 Yield Section Mod., Sy = (t * B2)/6

Lateral Force, Px = 4.95 kips Zx = 0.59 in3
Sy = 3.75 in3

Lateral Force, Py = 0.61 kips

Moment, My = 29.70 in-kips Yield Section Mod., Sx = (B * t2)/6

Moment, Mx = 3.66 in-kips Sx = 0.39 in3
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Customer: WestRock Seminole
Job No: 24-018-01

Date: 07/16/24
By: NJB

Lug Stresses (AISC Section D2 & F11)

Tensile Strength (Chapter D2) ASD Design

Section (a) Tensile Yielding in the Gross Section Section (b) Tensile Rupture in the Net Section

Ωt = 1.67 Pn = Fy * Ag Ωt = 2.00 Pn = Fu * An

Pt = Pn / Ωt Pt = Pn / Ωt

Fy = 30 ksi Fu = 75 ksi

Ag = 3.75 in2
An = 2.81 in2

Pt = (Fy * Ag) / Ωt Pt = (Fu * An) / Ωt

Pt = 67.37 kips Pt = 105.47 kips

Flexure Strength (Chapter F11) ASD Design

Section 1 Yielding (Strong Axis Bending About Y-Axis) Section 1 Yielding (Weak Axis Bending About X-Axis)
Ωb = 1.67 Mn = Fy * Zy

Mty = Mn / Ωb Ωb = 1.67

(B * H) / t2 = 92.16 Cb = 1.0 Mn = Fy * Zx

(0.08 * E) / Fy = 77.33 Fy = 30 ksi Mtx = Mn / Ωb

(1.90 * E) / Fy = 1836.67 E = 29,000 ksi Fy = 30 ksi

Zy = 5.63 in3
Zx = 0.59 in3

Sy = 3.75 in3
Sx = 0.39 in3

Yield Mom., Myield = Fy * Sy = 112.50 in-kips Yield Mom., Myield = Fy * Sx = 11.72 in-kips

if (B * H) / t2  <  (0.08 * E) / Fy

F11-1 Mn = Mp = Fy * Zy = N/A in-kips F11-1 Mn = Mp = Fy * Zx = 17.58 in-kips
Mn < 1.6 * Myield = N/A in-kips Mn < 1.6 * Myield = 18.75 in-kips

Mn = N/A in-kips Mn = 17.58 in-kips
Mty = Mn / Ωb = N/A in-kips Mtx = Mn / Ωb = 10.53 in-kips

Section 2 Lateral-Torsional Buckling (Strong Axis Bending Only) Section 2 Lateral-Torsional Buckling Need Not Be Considered
for Weak Axis Bending

if (0.08 * E) / Fy  <  (B * H) / t2  <  (1.90 * E) / Fy

F11-2 Mn = Cb * [1.52 - 0.274 * (B*H/t2) * (Fy/E)] * Myield  <  Mp

Mn = 168.06 in-kips
Mn  <  Mp = Fy * Zy = 168.75 in-kips

Mn = 168.06 in-kips
Mty = Mn / Ωb = 100.64 in-kips

if (B * H) / t2  >  (1.90 * E) / Fy

F11-3 Mn = Fcr * Sy  <  Mp Fcr = (1.9 * E * Cb) / (B*H/t2)
Mn = N/A in-kips Fcr = 597.87 ksi

Mn  <  Mp = Fy * Zy = N/A in-kips Sy = 3.75 in3

Mn = N/A in-kips
Mty = Mn / Ωb = N/A in-kips

Combined Stresses (Chapter H.1 & H1.2) ASD Design

Section 1(a) For Pz / Pt  >  0.2
Pz = 4.95 kips

Pz 8 My Mx Pt = 67.37 kips

Pt 9 Mty Mtx My = 29.70 in-kips
Mty = 100.64 in-kips

N/A + N/A Mx = 3.66 in-kips
Mtx = 10.53 in-kips

N/A

Section 1(b) For Pz / Pt  <  0.2 Pz / Pt = 0.07

Pz My Mx

2 * Pt Mty Mtx

0.037 + 0.295 + 0.348

0.680 < 1.00 OK

H1-1a

H1-1b 1.00<

+ <

+ +

+ 1.00



 Lug Design Page 4

Customer: WestRock Seminole
Job No: 24-018-01

Date: 07/16/24
By: NJB

Weld Stresses

All Around Weld

Tensile Weld Stress = 22.5 ksi

Initial Weld Size = 0.250 in.

Width of Weld, d = 0.625 in. 6.00

Length of Weld, b = 6.000 in.

Px = 4.95 kips Mx = 3.66 in-kips

Py = 0.61 kips My = 29.70 in-kips

Pz = 4.95 kips Mz = 0.00 in-kips

fx = Px + Mz * cy

Aw Jw

fy = Py + Mz * cx

Aw Jw

Aw = 13.25 in. Jw = 48.46 in3

fz = Pz + Mx + My

Aw Swx Swy Swx = 3.88 in2
cx = 3.00 in.

fw = SQRT (fx
2 + fy

2 + fz
2) Swy = 15.75 in2

cy = 0.31 in.

fx = 0.37 kips/in

Reqd. Fillet Weld Size = 0.203 in.

fy = 0.05 kips/in Initial Fillet Weld Size, tw = 0.250 in. OK

fz = 3.20 kips/in

fw = 3.22 kips/in

References: 1.) AISC Manual of Steel Construction, 13th Edition
2.) "Design and Construction of Lifting Beams", by David T. Ricker, 4th quarter, 1991 AISC Journal
3.) The Crosby Group, Inc., General Catalog

0.625

d

b

X

Y

Z
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Customer: WestRock Seminole
Job No: 24-018-01

Date: 07/16/24
By: NJB

Lug Plate Layout Sketch

CL Lug

2.5 in.

1.5 in.

0.625 in. plate thickness
(304/304L Material)

6.00 in.

4/16

3.00 3.00
in. in.

6.00
in.

Note: Layout Sketch Not to Scale

CL Hole



Nozzle Schedule

Specifications

Nozzle
mark

Identifier Size Service Materials
Impact
Tested

Normalized
Fine

Grain
Flange Blind

N1 Drain NPS 2 Sch 40S (Std)  Nozzle
SA-312 TP304 Wld

pipe
No No No

NPS 2
Class 150
WN A105

No

N10
Lev Gauge Left

Lower
NPS 0.5 Sch 40S (Std) LEVEL Nozzle

SA-312 TP304L
Wld pipe

No No No N/A No

N11
Spin hole
coupling 1

NPS 0.75 Class 3000 - Threaded Half
Coupling

THRD Nozzle SA-182 F304 <= 5 No No No N/A No

N12
Spin hole
coupling 2

NPS 0.75 Class 3000 - Threaded Half
Coupling

THRD Nozzle SA-182 F304 <= 5 No No No N/A No

N2 Discharge NPS 3 Sch 40S (Std)  Nozzle
SA-312 TP304 Wld

pipe
No No No

NPS 3
Class 150
WN A182

F304

No

N3 Manway 24 OD x 0.375  Nozzle SA-240 304 No No No

NPS 24
Class 150
WN A182

F304

NPS 24
Class 150

A182 F304

N4 Fill NPS 2 Sch 40S (Std)  Nozzle
SA-312 TP304 Wld

pipe
No No No

NPS 2
Class 150
WN A182

F304

No

N5 Vent
NPS 3 Class 3000 - Threaded Full

Coupling
THRD Nozzle SA-182 F304 <= 5 No No No N/A No

N6 Level Transmitter NPS 3 Sch 40S (Std)  Nozzle
SA-312 TP304 Wld

pipe
No No No

NPS 3
Class 150
SO A105

No

N7
Lev Gauge Right

Upper
NPS 0.5 Sch 40S (Std) LEVEL Nozzle

SA-312 TP304L
Wld pipe

No No No N/A No

N8
Lev Gauge Right

Lower
NPS 0.5 Sch 40S (Std) LEVEL Nozzle

SA-312 TP304L
Wld pipe

No No No N/A No

N9
Lev Gauge Left

Upper
NPS 0.5 Sch 40S (Std) LEVEL Nozzle

SA-312 TP304L
Wld pipe

No No No N/A No
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Nozzle Summary

Dimensions

Nozzle
mark

OD
(in)

tn
(in)

Req tn
(in)

A1? A2?

Shell
Reinforcement

Pad
Corr
(in)

Aa/Ar

(%)Nom t
(in)

Design t
(in)

User t
(in)

Width
(in)

tpad

(in)

N1 2.375 0.154 0.154 Yes Yes 0.313 N/A  N/A N/A 0 Exempt

N10 0.84 0.109 0.109 Yes Yes 0.313* N/A  N/A N/A 0 Exempt

N11 1.38 0.165 0.0625 Yes Yes 0.313* 0.2997  N/A N/A 0 100.0

N12 1.38 0.165 0.0625 Yes Yes 0.313* N/A  N/A N/A 0 Exempt

N2 3.5 0.216 0.216 Yes Yes 0.313 N/A  N/A N/A 0 Exempt

N3 24 0.375 0.2268 Yes Yes 0.313 0.2268  N/A N/A 0 100.0

N4 2.375 0.154 0.154 Yes Yes 0.313 N/A  N/A N/A 0 Exempt

N5 4.25 0.375 0.0625 Yes Yes 0.313 N/A  N/A N/A 0 Exempt

N6 3.5 0.216 0.216 Yes Yes 0.313* 0.2442  N/A N/A 0 100.0

N7 0.84 0.109 0.109 Yes Yes 0.313* N/A  N/A N/A 0 Exempt

N8 0.84 0.109 0.109 Yes Yes 0.313* N/A  N/A N/A 0 Exempt

N9 0.84 0.109 0.109 Yes Yes 0.313* N/A  N/A N/A 0 Exempt

*Head minimum thickness after forming

Definitions

tn Nozzle thickness

Req tn
Nozzle thickness required per UG-45/UG-16 
Increased for pipe to account for 12.5% pipe thickness tolerance

Nom t Vessel wall thickness

Design t Required vessel wall thickness due to pressure + corrosion allowance per UG-37

User t Local vessel wall thickness (near opening)

Aa Area available per UG-37, governing condition

Ar Area required per UG-37, governing condition

Corr Corrosion allowance on nozzle wall
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Pressure Summary

Component Summary

Identifier
P

Design
(psi)

T
Design

(°F)

MAWP
(psi)

MDMT
(°F)

MDMT
Exemption

Impact
Tested

Ellipsoidal Head #1 0 150 62.92 -320 Note 1 No

Straight Flange on Ellipsoidal Head #1 0 150 84.34 -320 Note 1 No

Cylinder #1 0 150 62.56 -320 Note 1 No

Cylinder #2 0 150 62.56 -320 Note 1 No

Cylinder #3 0 150 62.56 -320 Note 1 No

Cylinder #4 0 150 62.56 -320 Note 1 No

Cylinder #5 0 150 62.56 -320 Note 1 No

Straight Flange on Ellipsoidal Head #2 0 150 84.34 -320 Note 1 No

Ellipsoidal Head #2 0 150 62.92 -320 Note 1 No

Saddle #1 0 150 39.44 N/A N/A No

Saddle #1 wear plate 0 150 39.44 -320 Note 1 No

Drain (N1) 0 150 74.24 -55 Note 2 No

Lev Gauge Left Lower (N10) 0 150 74.83 -320 Note 3 No

Spin hole coupling 1 (N11) 0 150 78.91 -320 Note 4 No

Spin hole coupling 2 (N12) 0 150 85.03 -320 Note 4 No

Discharge (N2) 0 150 74.24 -320 Note 1 No

Manway (N3) 0 150 39.44 -320 Note 1 No

Fill (N4) 0 150 77.72 -320 Note 5 No

Vent (N5) 0 150 77.72 -320 Note 1 No

Level Transmitter (N6) 0 150 46.13 -55 Note 6 No

Lev Gauge Right Upper (N7) 0 150 77.91 -320 Note 7 No

Lev Gauge Right Lower (N8) 0 150 85.03 -320 Note 8 No

Lev Gauge Left Upper (N9) 0 150 85.03 -320 Note 8 No

Chamber Summary

Design MDMT 0 °F

Rated MDMT 0 °F @ 39.44 psi

MAWP hot & corroded 39.44 psi @ 150 °F

(1) The rated MDMT is limited to the design MDMT based on the setting in the Calculations tab of the Set Mode dialog.
(2) This pressure chamber is not designed for external pressure.

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.
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Notes for MDMT Rating

Note # Exemption Details

1. Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F  

2.
Flange rating governs: 
Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.1522)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

 

3. Impact test exempt per UHA-51(g) (coincident ratio = 0.0099)  

4. Impact test exempt per UHA-51(g) (coincident ratio = 0.0066)  

5. Impact test exempt per UHA-51(g) (coincident ratio = 0.0179)  

6.
Flange rating governs: 
Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.1509)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

 

7. Impact test exempt per UHA-51(g) (coincident ratio = 0.0092)  

8. Impact test exempt per UHA-51(g) (coincident ratio = 0.0095)  
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Radiography Summary

UG-116 Radiography

Component

Longitudinal Seam Left Circumferential Seam Right Circumferential Seam

MarkCategory
(Fig UW-

3)

Radiography / Joint
Type

Category
(Fig UW-

3)

Radiography / Joint
Type

Category
(Fig UW-

3)

Radiography / Joint
Type

Ellipsoidal Head #1 A
Spot UW-11(b) / Type

1
N/A N/A B Spot UW-11(b) / Type 1 RT3

Cylinder #1 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 B Spot UW-11(b) / Type 1 RT3

Cylinder #2 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 B Spot UW-11(b) / Type 1 RT3

Cylinder #3 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 B Spot UW-11(b) / Type 1 RT3

Cylinder #4 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 B Spot UW-11(b) / Type 1 RT3

Cylinder #5 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 B Spot UW-11(b) / Type 1 RT3

Ellipsoidal Head #2 A
Spot UW-11(b) / Type

1
B Spot UW-11(b) / Type 1 N/A N/A RT3

Nozzle Longitudinal Seam
Nozzle to Vessel Circumferential

Seam
Nozzle free end Circumferential

Seam
 

Level Transmitter (N6) N/A Welded pipe D N/A / Type 7 C N/A / Type 4 N/A

Lev Gauge Left Lower (N10) N/A Welded pipe D N/A / Type 7 B UW-11(b) exempt N/A

Lev Gauge Right Lower (N8) N/A Welded pipe D N/A / Type 7 B UW-11(b) exempt N/A

Lev Gauge Left Upper (N9) N/A Welded pipe D N/A / Type 7 B UW-11(b) exempt N/A

Lev Gauge Right Upper (N7) N/A Welded pipe D N/A / Type 7 B UW-11(b) exempt N/A

Spin hole coupling 1 (N11) A
Spot UW-11(b) / Type

1
D N/A / Type 7 N/A N/A RT3

Drain (N1) N/A Welded pipe D N/A / Type 7 C
UW-11(b) exempt /

Type 1
N/A

Discharge (N2) N/A Welded pipe D N/A / Type 7 C
UW-11(b) exempt /

Type 1
N/A

Manway (N3) A
Spot UW-11(b) / Type

1
D N/A / Type 7 C Spot UW-11(b) / Type 1 RT3

Vent (N5) A
Spot UW-11(b) / Type

1
D N/A / Type 7 N/A N/A RT3

Fill (N4) N/A Welded pipe D N/A / Type 7 C
UW-11(b) exempt /

Type 1
N/A

Spin hole coupling 2 (N12) A
Spot UW-11(b) / Type

1
D N/A / Type 7 N/A N/A RT3

Nozzle Flange Longitudinal Seam Flange Face
Nozzle to Flange Circumferential

Seam
 

ASME B16.5/16.47 flange attached to Level
Transmitter (N6)

N/A Seamless No RT N/A N/A / Gasketed C N/A / Type 4 N/A

ASME B16.5/16.47 flange attached to Drain (N1) N/A Seamless No RT N/A N/A / Gasketed C
UW-11(b) exempt /

Type 1
N/A

ASME B16.5/16.47 flange attached to Discharge
(N2)

N/A Seamless No RT N/A N/A / Gasketed C
UW-11(b) exempt /

Type 1
N/A

ASME B16.5/16.47 flange attached to Manway
(N3)

N/A Seamless No RT N/A N/A / Gasketed C Spot UW-11(b) / Type 1 RT3

ASME B16.5/16.47 flange attached to Fill (N4) N/A Seamless No RT N/A N/A / Gasketed C
UW-11(b) exempt /

Type 1
N/A

Interpretation VIII-1 01-150 has been applied.

UG-116(e) Required Marking: RT3

6/185



Thickness Summary

Component Data

Component
Identifier

Material
Diameter

(in)
Length

(in)
Nominal t

(in)
Design t

(in)
Total Corrosion

(in)
Joint

E
Load

Ellipsoidal Head #1 SA-240 304 96 ID 24.313 0.313* 0.1355 0.125 0.85 Internal

Straight Flange on Ellipsoidal Head #1 SA-240 304 96 ID 2 0.375 0.1355 0.125 0.85 Internal

Cylinder #1 SA-240 304 96 ID 60 0.313 0.1355 0.125 0.85 Internal

Cylinder #2 SA-240 304 96 ID 60 0.313 0.1355 0.125 0.85 Internal

Cylinder #3 SA-240 304 96 ID 60 0.313 0.1355 0.125 0.85 Internal

Cylinder #4 SA-240 304 96 ID 60 0.313 0.1355 0.125 0.85 Internal

Cylinder #5 SA-240 304 96 ID 43.5 0.313 0.1355 0.125 0.85 Internal

Straight Flange on Ellipsoidal Head #2 SA-240 304 96 ID 2 0.375 0.1355 0.125 0.85 Internal

Ellipsoidal Head #2 SA-240 304 96 ID 24.313 0.313* 0.1355 0.125 0.85 Internal

*Head minimum thickness after forming

Definitions

Nominal t Vessel wall nominal thickness

Design t Required vessel thickness due to governing loading + corrosion

Joint E Longitudinal seam joint efficiency

Load

Internal Circumferential stress due to internal pressure governs

External External pressure governs

Wind Combined longitudinal stress of pressure + weight + wind governs

Seismic Combined longitudinal stress of pressure + weight + seismic governs
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Weight Summary

Weight (lb) Contributed by Vessel Elements

Component
Metal
New*

Metal
Corroded

Insulation
Insulation
Supports

Lining
Piping

+ Liquid

Operating Liquid Test Liquid Surface Area

ft2New Corroded New Corroded

Ellipsoidal Head #1 1,036.1 628.6 0 0 0 0 4,705.3 4,751.8 4,705.4 4,751.8 83

Cylinder #1 1,647.5 990.8 0 0 0 0 15,677.2 15,758.9 15,677.2 15,758.9 126

Cylinder #2 1,647 990.5 0 0 0 0 15,677.6 15,759.4 15,677.6 15,759.4 126

Cylinder #3 1,647.9 991.1 0 0 0 0 15,676.7 15,758.5 15,676.7 15,758.5 126

Cylinder #4 1,605.5 965.6 0 0 0 0 15,806.6 15,888.3 15,806.6 15,888.3 123

Cylinder #5 1,194.3 718.3 0 0 0 0 11,366.1 11,425.3 11,366.1 11,425.3 92

Ellipsoidal Head #2 1,037.2 629.3 0 0 0 0 4,703 4,749.4 4,703 4,749.5 83

Saddle #1 1,614 1,614 0 0 0 0 0 0 0 0 118

TOTAL: 11,429.6 7,528.3 0 0 0 0 83,612.4 84,091.7 83,612.6 84,091.7 877

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

Weight (lb) Contributed by Attachments

Component
Body Flanges

Nozzles &
Flanges Packed

Beds
Trays

Tray
Supports

Rings &
Clips

Vertical
Loads

Surface Area

ft2
New Corroded New Corroded

Ellipsoidal Head #1 0 0 17 16.9 0 0 0 0 0 1

Cylinder #1 0 0 7.2 7.2 0 0 0 0 0 1

Cylinder #2 0 0 14.9 13.3 0 0 0 17.2 0 2

Cylinder #3 0 0 0 0 0 0 0 0 931 0

Cylinder #4 0 0 895.5 894.5 0 0 0 23.1 0 20

Cylinder #5 0 0 7.2 7.2 0 0 0 0 0 1

Ellipsoidal Head #2 0 0 0.2 0.2 0 0 0 0 0 0

TOTAL: 0 0 942 939.2 0 0 0 40.2 931 25

Vessel Totals

 New Corroded

Operating Weight (lb) 96,955 93,544

Empty Weight (lb) 13,343 9,452

Test Weight (lb) 96,955 93,544

Surface Area (ft2) 903 -

Capacity** (US gal) 10,011 10,069

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

Vessel Lift Condition

Vessel Lift Weight, New (lb) 13,343

Center of Gravity from Datum (in) 122.2933
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Hydrostatic Test
Horizontal shop hydrostatic test based on MAWP per UG-99(b)

Gauge pressure at 70°F 

Horizontal shop hydrostatic test

Identifier
Local test
pressure

(psi)

Test liquid
static head

(psi)

UG-99(b)
stress
ratio

UG-99(b)
pressure

factor

Ellipsoidal Head #1 (1) 54.97 3.693 1 1.30

Straight Flange on Ellipsoidal Head #1 54.97 3.693 1 1.30

Cylinder #1 54.97 3.693 1 1.30

Cylinder #2 54.97 3.693 1 1.30

Cylinder #3 54.97 3.693 1 1.30

Cylinder #4 54.97 3.693 1 1.30

Cylinder #5 54.97 3.693 1 1.30

Straight Flange on Ellipsoidal Head #2 54.97 3.693 1 1.30

Ellipsoidal Head #2 54.97 3.693 1 1.30

Discharge (N2) 55.198 3.921 1 1.30

Drain (N1) 55.198 3.921 1 1.30

Fill (N4) 51.494 0.217 1 1.30

Lev Gauge Left Lower (N10) 54.974 3.697 1 1.30

Lev Gauge Left Upper (N9) 53.249 1.972 1 1.30

Lev Gauge Right Lower (N8) 53.249 1.972 1 1.30

Lev Gauge Right Upper (N7) 51.742 0.465 1 1.30

Level Transmitter (N6) 54.893 3.616 1 1.30

Manway (N3) 54.524 3.247 1 1.30

Spin hole coupling 1 (N11) 53.257 1.98 1 1.30

Spin hole coupling 2 (N12) 53.257 1.98 1 1.30

Vent (N5) 51.494 0.217 1 1.30

(1) Ellipsoidal Head #1 limits the UG-99(b) stress ratio.
(2) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange.

The field test condition has not been investigated.

= 1.3 ⋅MAWP ⋅LSR

= 1.3 ⋅ 39.44 ⋅ 1

=51.28  psi
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Foundation Load Summary

Saddle #1: Total Loading at Base (Right Sliding Saddle)

Load Vessel Condition
Longitudinal Base Shear

( lbf )
Transverse Base Shear

( lbf )
Vertical Force

( lbf )

Weight Only (D) Operating, New 0 0 48,679

Weight Only (D) Operating, Corroded 0 0 46,979

Thermal Expansion Operating, New 21,906 0 0

Thermal Expansion Operating, Corroded 21,141 0 0

Wind Only (0.6 * W) Operating, New 567 657 0

Wind Only (0.6 * W) Operating, Corroded 567 657 0

Seismic Only (0.7 * E) Operating, New 2,670 1,340 2,581

Seismic Only (0.7 * E) Operating, Corroded 2,574 1,293 2,490

Saddle #1: Total Loading at Base (Left Fixed Saddle)

Load Vessel Condition
Longitudinal Base Shear

( lbf )
Transverse Base Shear

( lbf )
Vertical Force

( lbf )

Weight Only (D) Operating, New 0 0 48,276

Weight Only (D) Operating, Corroded 0 0 46,565

Thermal Expansion Operating, New 21,906 0 0

Thermal Expansion Operating, Corroded 21,141 0 0

Wind Only (0.6 * W) Operating, New 567 657 0

Wind Only (0.6 * W) Operating, Corroded 567 657 0

Seismic Only (0.7 * E) Operating, New 2,670 1,329 2,560

Seismic Only (0.7 * E) Operating, Corroded 2,574 1,281 2,467

All values reported are service loads for Allowable Stress Design (ASD).

Vertical Force values in the Seismic case represent the 0.7 * 0.2 * SDS dead load factor (compressive). The 0.7 term is the ASD load
combination factor.

Support Information

Support Type Saddle

Number of Saddles 2

Base Plate Length 84.4"

Base Plate Width 12"

Base Plate Thickness 0.5"

Base Plate Separation Distance CL-to-CL 252"

Right Saddle Distance from Datum 0"

Number of Anchor Bolts Per Base Plate 4

Bolt Size and Type 1" series 8 bolt

Bolt Hole Clearance 0.375"

Slotted Hole Length 1.5"

Center of Gravity (Distance from Datum) 122.2933"
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Wind Code

Building Code: ASCE 7-22

Elevation of base above grade 0.00 ft

Increase effective outer diameter by 0.00 ft

Wind Force Coefficient, Cf 0.5300

Risk Category (Table 1.5-1) II

Basic Wind Speed, V 125.0000 mph

Exposure Category B

Wind Directionality Factor, Kd 0.9500

Ground Elevation Factor, Ke 1.0000

Topographic Factor, Kzt 1.0000

Enforce minimum design load of 16 psf per ASCE 29.8: Yes

Hazardous, toxic, or explosive contents No

Wind Pressure (WP) Calculations

  

  

qz = 0.6 * max[ 22.9158, 16.0000 ]

= 13.7495 psf

Note: The 0.6 factor is the wind load combination factor from Section 2.4.1.

Table Lookup Values

a = 7.5000, zg = 3,280.00 ft [Table 26.11-1, page 278]

Shear calculations are reported in the saddle report.

Kz = 2.41 ⋅ ( )Z

zg

2
α

= 2.41 ⋅ ( )15.00
3,280.00

0.2667

=0.5729

qz = 0.00256 ⋅Kz ⋅Kzt ⋅Ke ⋅ V 2

= 0.00256 ⋅ 0.5729 ⋅ 1.0000 ⋅ 1.0000 ⋅ 125.0000 2

=22.9158  psf
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Seismic Code
Seismic calculations are reported in the saddle report.
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Ellipsoidal Head #1

ASME Section VIII Division 1, 2023 Edition

Component Ellipsoidal Head

Material SA-240 304 (II-D p. 92, ln. 14)

Attached To Cylinder #1

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Head Ratio 2

Minimum Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 0.375"

Weight and Capacity

 Weight (lb)1 Capacity (US gal)1

New 1,036.14 564.02

Corroded 628.64 569.58

Radiography

Category A joints Spot UW-11(b) Type 1

Head to shell seam Spot UW-11(b) Type 1
1 includes straight flange

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.92 psi

Rated MDMT -320°F

UHA-51 Material Toughness Requirements

0.1217"

0.5504

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
43.14 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1217⋅0.85
0.313−0.125
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Factor K

Corroded 0.9966

New 1

Design thickness for internal pressure, (Corroded at 150 °F) Appendix 1-4(c)

  0.1354"

Maximum allowable working pressure, (Corroded at 150 °F) Appendix 1-4(c)

  62.92 psi

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

ASME Section VIII Division 1 UG-81(a) Out-of-Roundness

K = ( ) ⋅ [2 + ]1
6

( )D

2 ⋅ h

2

K = ( ) ⋅ [2 + ]1
6

( )96.25
2 ⋅ 24.125

2

K = ( ) ⋅ [2 + ]1
6

( )96
2 ⋅ 24

2

t = + Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
= + 0.125

3.7 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 3.7

=

P = −
2 ⋅S ⋅E ⋅ t

K ⋅D + 0.2 ⋅ t
Ps = − 3.7

2 ⋅ 20,000 ⋅ 0.85 ⋅ 0.188
0.99655 ⋅ 96.25 + 0.2 ⋅ 0.188

=

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 1.7038 %
75 ⋅ t
Rf

Rf

Ro

75 ⋅ 0.375
16.5075

16.5075
∞

Inside surface shall not deviate outside the shape by more than 1.25 %  of D

Inside surface shall not deviate inside the shape by more than 0.625 %  of D
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Straight Flange on Ellipsoidal Head #1

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 2"

Nominal Thickness 0.375"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 65.85 62.67

Corroded 43.96 63

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 84.34 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.4159

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.375−0.125

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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84.34 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

7,163 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

8,415 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,838 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.25
48.125+0.60 ⋅ 0.25

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.3891 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.375
48.1875

48.1875
∞

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,163  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000969
0.125

/tRo

0.125
48.375/0.375

B = 8,415  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000969
0.125

/tRo

0.125
48.375/0.375

B = 8,838  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,466  psi
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7,466 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

7,163 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,163  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Cylinder #1

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 60"

Nominal Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 1,647.49 1,880.06

Corroded 990.83 1,889.86

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.56 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

62.56 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

6,399 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

7,836 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,202 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.188
48.125+0.60 ⋅ 0.188

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.325 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.313
48.1565

48.1565
∞

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 7,836  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 8,202  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188
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6,635 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

6,399 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

B = 6,635  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Cylinder #2

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 60"

Nominal Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 1,647.02 1,880.06

Corroded 990.55 1,889.86

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.56 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

62.56 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

6,399 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

7,836 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,202 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.188
48.125+0.60 ⋅ 0.188

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.325 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.313
48.1565

48.1565
∞

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 7,836  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 8,202  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188
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6,635 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

6,399 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

B = 6,635  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Cylinder #3

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 60"

Nominal Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 1,647.89 1,880.06

Corroded 991.07 1,889.86

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.56 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

62.56 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

6,399 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

7,836 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,202 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.188
48.125+0.60 ⋅ 0.188

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.325 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.313
48.1565

48.1565
∞

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 7,836  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 8,202  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188
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6,635 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

6,399 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

B = 6,635  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Cylinder #4

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 60"

Nominal Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 1,605.54 1,880.06

Corroded 965.63 1,889.86

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.56 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

62.56 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

6,399 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

7,836 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,202 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.188
48.125+0.60 ⋅ 0.188

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.325 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.313
48.1565

48.1565
∞

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 7,836  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 8,202  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188
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6,635 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

6,399 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

B = 6,635  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Cylinder #5

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 43.5"

Nominal Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 1,194.32 1,363.04

Corroded 718.29 1,370.15

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Right Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.56 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

62.56 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

6,399 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

7,836 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,202 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.188
48.125+0.60 ⋅ 0.188

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.325 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.313
48.1565

48.1565
∞

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 7,836  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000810
0.125

/tRo

0.125
48.313/0.313

B = 8,202  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188
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6,635 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

6,399 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

B = 6,635  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000486
0.125

/tRo

0.125
48.313/0.188

B = 6,399  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Ellipsoidal Head #2

ASME Section VIII Division 1, 2023 Edition

Component Ellipsoidal Head

Material SA-240 304 (II-D p. 92, ln. 14)

Attached To Cylinder #5

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Head Ratio 2

Minimum Thickness 0.313"

Corrosion
Inner 0.125"

Outer 0"

Length Lsf 2"

Nominal Thickness tsf 0.375"

Weight and Capacity

 Weight (lb)1 Capacity (US gal)1

New 1,037.21 564.02

Corroded 629.29 569.58

Radiography

Category A joints Spot UW-11(b) Type 1

Head to shell seam Spot UW-11(b) Type 1
1 includes straight flange

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 62.92 psi

Rated MDMT -320°F

UHA-51 Material Toughness Requirements

0.1217"

0.5504

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
43.14 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1217⋅0.85
0.313−0.125
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Factor K

Corroded 0.9966

New 1

Design thickness for internal pressure, (Corroded at 150 °F) Appendix 1-4(c)

  0.1354"

Maximum allowable working pressure, (Corroded at 150 °F) Appendix 1-4(c)

  62.92 psi

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

ASME Section VIII Division 1 UG-81(a) Out-of-Roundness

K = ( ) ⋅ [2 + ]1
6

( )D

2 ⋅ h

2

K = ( ) ⋅ [2 + ]1
6

( )96.25
2 ⋅ 24.125

2

K = ( ) ⋅ [2 + ]1
6

( )96
2 ⋅ 24

2

t = + Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
= + 0.125

3.7 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 3.7

=

P = −
2 ⋅S ⋅E ⋅ t

K ⋅D + 0.2 ⋅ t
Ps = − 3.7

2 ⋅ 20,000 ⋅ 0.85 ⋅ 0.188
0.99655 ⋅ 96.25 + 0.2 ⋅ 0.188

=

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 1.7038 %
75 ⋅ t
Rf

Rf

Ro

75 ⋅ 0.375
16.5075

16.5075
∞

Inside surface shall not deviate outside the shape by more than 1.25 %  of D

Inside surface shall not deviate inside the shape by more than 0.625 %  of D
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Straight Flange on Ellipsoidal Head #2

ASME Section VIII Division 1, 2023 Edition

Component Cylinder

Material SA-240 304 (II-D p. 92, ln. 14)

Impact
Tested Normalized Fine Grain

Practice PWHT Maximize MDMT/
No MAWP

No No No No No

 Design
Pressure (psi)

Design
Temperature (°F)

Design
MDMT (°F)

Internal 0 150 0

Static Liquid Head

Condition Ps (psi) Hs (in) SG

Operating 3.7 102.438 1

Test horizontal 3.69 102.313 1

Dimensions

Inner Diameter 96"

Length 2"

Nominal Thickness 0.375"

Corrosion
Inner 0.125"

Outer 0"

Weight and Capacity

 Weight (lb) Capacity (US gal)

New 65.85 62.67

Corroded 43.96 63

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Left Circumferential seam Spot UW-11(b) Type 1

Results Summary

Governing condition UG-16

Minimum thickness per UG-16 0.0625" + 0.125" = 0.1875"

Design thickness due to internal pressure (t) 0.1355"

Maximum allowable working pressure (MAWP) 84.34 psi

Rated MDMT -320 °F

UHA-51 Material Toughness Requirements

0.1223"

0.4159

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Design thickness, (at 150 °F) UG-27(c)(1)

0.1355"

Maximum allowable working pressure, (at 150 °F) UG-27(c)(1)

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.375−0.125

t = + Corrosion = + 0.125 =
P ⋅R

S ⋅E − 0.60 ⋅P
3.7⋅48.125

20,000 ⋅ 0.85 − 0.60 ⋅ 3.7
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84.34 psi

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

 

Allowable Compressive Stress, Hot and Corroded- ScHC, (table HA-1)

7,163 psi

 

Allowable Compressive Stress, Hot and New- ScHN, (table HA-1)

8,415 psi

 

Allowable Compressive Stress, Cold and New- ScCN, (table HA-1)

8,838 psi

 

Allowable Compressive Stress, Cold and Corroded- ScCC, (table HA-1)

P = − = − 3.7 =
S ⋅E ⋅ t

R + 0.60 ⋅ t
Ps

20,000 ⋅ 0.85 ⋅ 0.25
48.125+0.60 ⋅ 0.25

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 0.3891 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.375
48.1875

48.1875
∞

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,163  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHC

A = = = 0.000969
0.125

/tRo

0.125
48.375/0.375

B = 8,415  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScHN

A = = = 0.000969
0.125

/tRo

0.125
48.375/0.375

B = 8,838  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScCN

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,466  psi
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7,466 psi

 

Allowable Compressive Stress, Vacuum and Corroded- ScVC, (table HA-1)

7,163 psi

ASME Section VIII Division 1 UG-80(a) Out-of-Roundness

S = = 20,000  psi
20,000
1.00

= min (B ,S) =ScC

A = = = 0.000646
0.125

/tRo

0.125
48.375/0.25

B = 7,163  psi

S = = 20,000  psi
20,000
1.00

= min (B ,S ) =ScVC

( − )  shall not exceed 1%  of DDmax Dmin

When the cross section passes through an opening or within 1 I.D. of the opening, 

( − )  shall not exceed 1%  of D + 2%  of the inside diameter of the openingDmax Dmin
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Saddle #1

ASME Section VIII Division 1, 2023 Edition

Saddle Material SA-240 304

Saddle Construction Centered web

Welded to Vessel Yes

Saddle Allowable Stress, Ss 20,000 psi

Saddle Yield Stress, Sy 38,000 psi

Foundation Allowable Stress 1,658 psi

Design
Pressure Left Saddle Right Saddle

Operating & New 43.14 psi

Operating & Corr 43.14 psi

Test 54.97 psi

Dimensions

Right saddle distance to datum 0"

Tangent To Tangent Length, L 287.5"

Saddle separation, Ls 252"

Vessel Radius, R 48.313"

Tangent Distance Left, Al 17.75"

Tangent Distance Right, Ar 17.75"

Saddle Height, Hs 60.25"

Saddle Contact Angle, q 164°

Web Plate Thickness, ts 0.625"

Base Plate Length, E 84.4"

Base Plate Width, F 12"

Base Plate Thickness, tb 0.5"

Number of Stiffening Ribs, n 5

Largest Stiffening Rib Spacing, di 20.725"

Stiffening Rib Thickness, tw 0.5"

Saddle Width, b 8"

Reinforcing Plate

Material SA-240 304L (II-D p. 88, ln. 9)

Impact Tested No

Normalized No

Fine Grain Practice No

PWHT No

Design MDMT 0°F

Thickness, tp 0.313"

Width, Wp 15"

Contact Angle, qw 180°

Bolting

Material  

Bolt Allowable Shear 15,000 psi

Description 1" series 8 threaded

Corrosion on root 0"

Anchor Bolts per Saddle 4

Base coefficient of friction, m 0.45

Hole Diameter 1.375"
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Slotted Hole in Which Saddle Right Saddle

Slotted Hole Length 1.5"

Weight

 Left Saddle Right Saddle

Operating, Corroded 45,758 lb 46,172 lb

Operating, New 47,469 lb 47,872 lb

Hydrotest 47,436 lb 47,906 lb

Weight of Saddle Pair 1,614 lb

Notes

(1) Saddle calculations are based on the method presented in "Stresses in Large Cylindrical Pressure Vessels on Two Saddle
Supports" by L.P. Zick.

UHA-51 Material Toughness Requirements Wear Plate

0.1223"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

Stress Summary

Load Condition Saddle

Bending + pressure between saddles
(psi)

Bending + pressure at the saddle
(psi)

S1

(+)

allow
(+)

S1

(-)

allow
(-)

S2

(+)

allow
(+)

S2

(-)

allow
(-)

Seismic

Operating & New
Right Saddle

4,404 20,400 1,097 9,403
3,309 24,000 1 9,403

Left Saddle 3,309 24,000 1 9,403

Operating & Corr
Right Saddle

7,278 20,400 1,756 7,679
5,524 24,000 2 7,679

Left Saddle 5,524 24,000 2 7,679

Wind

Operating & New
Right Saddle

4,366 20,400 1,059 9,403
3,309 24,000 1 9,403

Left Saddle 3,309 24,000 1 9,403

Operating & Corr
Right Saddle

7,218 20,400 1,696 7,679
5,524 24,000 2 7,679

Left Saddle 5,524 24,000 2 7,679

Test
Right Saddle

5,262 22,950 1,047 9,843
4,216 27,000 1 9,843

Left Saddle 4,216 27,000 1 9,843

Weight

Operating & New
Right Saddle

4,348 17,000 1,041 7,836
3,309 20,000 1 7,836

Left Saddle 3,309 20,000 1 7,836

Operating & Corr
Right Saddle

7,188 17,000 1,667 6,399
5,524 20,000 2 6,399

Left Saddle 5,524 20,000 2 6,399

= =tr
43.14⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 43.14

Stress ratio = = =
⋅tr E *

− ctn

0.1223⋅0.85
0.313−0.125

Stress ratio longitudinal = =
7,278⋅0.85
20,000⋅0.85
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Stress Summary

Load Condition Saddle

Tangential
shear (psi)

Circumferential
stress (psi)

Stress over
saddle (psi)

Splitting (psi)

S3 allow
S4

(horns)

S4

(Wear

plate)

allow
(+/-)

S5 allow S6 allow

Seismic

Operating & New
Right Saddle 1,221 16,000 -4,590 -7,730 30,000 5,663 13,350 1,241 13,333

Left Saddle 1,211 16,000 -4,551 -7,665 30,000 5,615 13,350 1,231 13,333

Operating & Corr
Right Saddle 1,958 16,000 -6,393 -18,118 30,000 7,568 13,350 1,197 13,333

Left Saddle 1,941 16,000 -6,336 -17,956 30,000 7,500 13,350 1,186 13,333

Wind

Operating & New
Right Saddle 1,179 16,000 -4,430 -7,461 30,000 5,466 13,350 1,198 13,333

Left Saddle 1,169 16,000 -4,393 -7,400 30,000 5,421 13,350 1,188 13,333

Operating & Corr
Right Saddle 1,891 16,000 -6,175 -17,499 30,000 7,309 13,350 1,156 13,333

Left Saddle 1,875 16,000 -6,120 -17,345 30,000 7,245 13,350 1,146 13,333

Test
Right Saddle 1,166 21,600 -4,383 -7,382 27,000 5,408 27,000 1,185 34,200

Left Saddle 1,155 21,600 -4,340 -7,310 27,000 5,355 27,000 1,174 34,200

Weight

Operating & New
Right Saddle 1,159 16,000 -4,355 -7,335 30,000 5,373 13,350 1,178 13,333

Left Saddle 1,149 16,000 -4,318 -7,273 30,000 5,328 13,350 1,168 13,333

Operating & Corr
Right Saddle 1,858 16,000 -6,066 -17,191 30,000 7,181 13,350 1,136 13,333

Left Saddle 1,841 16,000 -6,012 -17,037 30,000 7,116 13,350 1,126 13,333
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Seismic base shear on vessel

Vessel is assumed to be a rigid structure.

Method of seismic analysis ASCE 7-22 ground supported

Vertical seismic accelerations considered Yes

Importance factor, Ie 1

Site Class D

Spectral response acceleration at short periods, Ss (%g) 16%

Spectral response acceleration at 1 second period, S1 (%g) 6.3%

Adjusted spectral response acceleration at short periods, SMS (%g) 20%

Adjusted spectral response acceleration at 1 second period, SM1 (%g) 13%

Risk Category (Table 1.5-1) II

Hazardous, toxic, or explosive contents No

Equations

Results

0.1333

0.0867

Seismic Design Category (Section 11.6) B

Corroded

2,574.04 lbf

New

2,669.55 lbf

= ( ) ⋅SDS

2
3

SMS

= ( ) ⋅SD1
2
3

SM1

= 0.3 ⋅ ⋅W ⋅ ⋅ 0.7Fp SDS Ie

= ( ) ⋅ 0.2SDS

2
3

= ( ) ⋅ 0.13SD1
2
3

= 0.3 ⋅ 0.1333 ⋅ 91,930 ⋅ 1 ⋅ 0.7Fp

= 0.3 ⋅ 0.1333 ⋅ 95,341 ⋅ 1 ⋅ 0.7Fp
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Saddle reactions due to weight + seismic

Vv = vertical seismic force acting on the saddle

V = horizontal seismic shear acting on the saddle (worst case if not slotted)

Seismic longitudinal reaction, Ql

Seismic transverse reaction, Qt

Equations

Results

Operating & New

Right Saddle

1,531.87 lbf

2,581.64 lbf

50,453.64 lbf

Left Saddle

1,524.34 lbf

2,559.91 lbf

50,028.91 lbf

Operating & Corr

Right Saddle

1,477.3 lbf

2,489.96 lbf

48,661.96 lbf

Left Saddle

1,469.57 lbf

2,467.64 lbf

48,225.64 lbf

Saddle reactions due to weight + wind

Wind longitudinal reaction, Ql

Wind transverse reaction, Qt

Wind pressure, Pw 13.7495 psf

Equations

= +Ql

V ⋅Hs

Ls

Vv

= +Qt

V ⋅ Hs

⋅ Sin(θ  / 2)Ro

Vv

Q = W + max [ , ]Qt Ql

= + 0.14 ⋅ 0.1333 ⋅ 47,872Ql

2,669.55⋅60.25
252

= + 0.14 ⋅ 0.1333 ⋅ 47,872Qt

1,340.42⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 47,872 + max [2,581.64,1,531.87]

= + 0.14 ⋅ 0.1333 ⋅ 47,469Ql

2,669.55⋅60.25
252

= + 0.14 ⋅ 0.1333 ⋅ 47,469Qt

1,329.13⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 47,469 + max [2,559.91,1,524.34]

= + 0.14 ⋅ 0.1333 ⋅ 46,172Ql

2,574.04⋅60.25
252

= + 0.14 ⋅ 0.1333 ⋅ 46,172Qt

1,292.82⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 46,172 + max [2,489.96,1,477.3]

= + 0.14 ⋅ 0.1333 ⋅ 45,758Ql

2,574.04⋅60.25
252

= + 0.14 ⋅ 0.1333 ⋅ 45,758Qt

1,281.22⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 45,758 + max [2,467.64,1,469.57]

= ⋅ ⋅G ⋅ ( ⋅ (Projected shell area) + ⋅ (Projected saddle area))Vwt Pw Kd Cf(shell) Cf(saddle)

= ⋅ ⋅G ⋅( + ⋅ (Projected saddle area))Vwe Pw Kd

⋅ π ⋅Cf(shell) R2
o

144
Cf(saddle)
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Results

Operating & New

Right Saddle

657.24 lbf

566.89 lbf

827.69 lbf

135.54 lbf

48,699.69 lbf

Left Saddle

657.24 lbf

566.89 lbf

827.69 lbf

135.54 lbf

48,296.69 lbf

Operating & Corr

Right Saddle

657.24 lbf

566.89 lbf

827.69 lbf

135.54 lbf

46,999.69 lbf

Left Saddle

657.24 lbf

566.89 lbf

827.69 lbf

135.54 lbf

46,585.69 lbf

216.89 lbf

187.07 lbf

=Qt

⋅Vwt Hs

⋅ Sin(θ  / 2)Ro

=Ql

⋅Vwe Hs

Ls

Q = W + max [ , ]Qt Ql

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

657.24⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

566.89⋅60.25
252

Q = 47,872 + max [827.69,135.54]

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

657.24⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

566.89⋅60.25
252

Q = 47,469 + max [827.69,135.54]

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

657.24⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

566.89⋅60.25
252

Q = 46,172 + max [827.69,135.54]

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 13.75 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

657.24⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

566.89⋅60.25
252

Q = 45,758 + max [827.69,135.54]

= 4.54 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 4.54 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144
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Test

Right Saddle 273.14 lbf

44.73 lbf

48,179.14 lbf

Left Saddle

216.89 lbf

187.07 lbf

273.14 lbf

44.73 lbf

47,709.14 lbf

Load Case 1: Seismic, Operating & New

Longitudinal stress between saddles (Seismic, Operating & New, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 4,404 psi
Maximum compressive stress (shut down) S1c = S1 = 1,097 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Seismic, Operating & New)

Seismic vertical acceleration coefficient 

Bending moment at the right saddle:

=Qt

216.89⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

187.07⋅60.25
252

Q = 47,906 + max [273.14,44.73]

= 4.54 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 109.189 + 2 ⋅ 0.6632)Vwt

= 4.54 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

216.89⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

187.07⋅60.25
252

Q = 47,436 + max [273.14,44.73]

= ± = = 1,097  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 50,453.64 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ 1.2 ⋅S ⋅E = 20,400  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

m = 0.6667 ⋅ 0.028 = 0.0187

w = = = 303.58 /in
⋅ (1 +m)Wt

Le

95,341 ⋅ (1 + 0.0187)

319.9173
 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 303.58 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,877.7 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,877.7 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313
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Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Seismic, Operating & New)

611

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Seismic, Operating & New)

1,221

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Seismic, Operating & New)

869

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Seismic, Operating & New)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Seismic, Operating & New)

-4,590

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Seismic, Operating & New)

-7,730

Circumferential stress at wear plate horns is acceptable 

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅50,453.64

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅50,453.64
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅50,453.64

48.1565⋅0.313
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 856  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅50,453.64
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)

2 ⋅ 0.313

= + = 7,475  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−50,453.64

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 50,453.64 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−50,453.64

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 50,453.64 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa
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Ring compression in shell over right saddle (Seismic, Operating & New)

5,663

Ring compression in shell is acceptable 

Saddle splitting load (right, Seismic, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,241

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Seismic, Operating & New)

Seismic vertical acceleration coefficient 

Bending moment at the left saddle:

Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Seismic, Operating & New)

605

Tangential shear stress is acceptable ( )

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅50,453.64

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅50,453.64
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

m = 0.6667 ⋅ 0.028 = 0.0187

w = = = 303.58 /in
⋅ (1 +m)Wt

Le

95,341 ⋅ (1 + 0.0187)

319.9173
 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 303.58 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,877.7 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,877.7 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅50,028.91

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

46/185



Tangential shear stress in the left head (Seismic, Operating & New)

1,211

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Seismic, Operating & New)

862

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Seismic, Operating & New)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Seismic, Operating & New)

-4,551

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Seismic, Operating & New)

-7,665

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Seismic, Operating & New)

5,615

Ring compression in shell is acceptable 

Saddle splitting load (left, Seismic, Operating & New)

Area resisting splitting force = Web area + wear plate area

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅50,028.91
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅50,028.91

48.1565⋅0.313
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 848  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅50,028.91
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)

2 ⋅ 0.313

= + = 7,468  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−50,028.91

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 50,028.91 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−50,028.91

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 50,028.91 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅50,028.91

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy
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 = 11.6475 in2

1,231

Stress in saddle is acceptable 

Load Case 2: Seismic, Operating & Corr

Longitudinal stress between saddles (Seismic, Operating & Corr, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 7,278 psi
Maximum compressive stress (shut down) S1c = S1 = 1,756 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Seismic, Operating & Corr)

Seismic vertical acceleration coefficient 

Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Seismic, Operating & Corr)

735

Tangential shear stress is acceptable ( )

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅50,028.91
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= ± = = 1,756  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 48,661.96 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ 1.2 ⋅S ⋅E = 20,400  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

m = 0.6667 ⋅ 0.028 = 0.0187

w = = = 292.72 /in
⋅ (1 +m)Wt

Le

91,930 ⋅ (1 + 0.0187)

319.9173
 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 292.72 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,774.7 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,774.7 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅48,661.96

48.219 ⋅ (0.188 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi
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Tangential shear stress in the right head (Seismic, Operating & Corr)

1,958

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Seismic, Operating & Corr)

1,394

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Seismic, Operating & Corr)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Seismic, Operating & Corr)

-6,393

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Seismic, Operating & Corr)

-18,118

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Seismic, Operating & Corr)

7,568

Ring compression in shell is acceptable 

Saddle splitting load (right, Seismic, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅48,661.96
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅48,661.96

48.219⋅0.188
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 1,372  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅48,661.96
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,420  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−48,661.96

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 48,661.96 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−48,661.96

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 48,661.96 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−√

=
0.6467⋅48,661.96

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy
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 = 11.6475 in2

1,197

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Seismic, Operating & Corr)

Seismic vertical acceleration coefficient 

Bending moment at the left saddle:

Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Seismic, Operating & Corr)

728

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Seismic, Operating & Corr)

1,941

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Seismic, Operating & Corr)

1,382

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Seismic, Operating & Corr)

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅48,661.96
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

m = 0.6667 ⋅ 0.028 = 0.0187

w = = = 292.72 /in
⋅ (1 +m)Wt

Le

91,930 ⋅ (1 + 0.0187)

319.9173
 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 292.72 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,774.7 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,774.7 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅48,225.64

48.219 ⋅ (0.188 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅48,225.64
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅48,225.64

48.219⋅0.188
 psi

≤ 0.8 ⋅S = 16,000  psi
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Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Seismic, Operating & Corr)

-6,336

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Seismic, Operating & Corr)

-17,956

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Seismic, Operating & Corr)

7,500

Ring compression in shell is acceptable 

Saddle splitting load (left, Seismic, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,186

Stress in saddle is acceptable 

Load Case 3: Wind, Operating & New

Longitudinal stress between saddles (Wind, Operating & New, right saddle loading and geometry govern)

= = = 1,360  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅48,225.64
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,408  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−48,225.64

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 48,225.64 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−48,225.64

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 48,225.64 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−√

=
0.6467⋅48,225.64

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅48,225.64
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= ± = = 1,059  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 48,699.69 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.31348.1565 2
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Maximum tensile stress S1t = S1 + Sp = 4,366 psi
Maximum compressive stress (shut down) S1c = S1 = 1,059 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Wind, Operating & New)

Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Wind, Operating & New)

589

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Wind, Operating & New)

1,179

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Wind, Operating & New)

839

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Wind, Operating & New)

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ 1.2 ⋅S ⋅E = 20,400  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,341
319.9173

 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,824.9 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,824.9 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅48,699.69

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅48,699.69
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅48,699.69

48.1565⋅0.313
 psi

≤ 0.8 ⋅S = 16,000  psi
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Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Wind, Operating & New)

-4,430

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Wind, Operating & New)

-7,461

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Wind, Operating & New)

5,466

Ring compression in shell is acceptable 

Saddle splitting load (right, Wind, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,198

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Wind, Operating & New)

= = = 826  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅48,699.69
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)
2 ⋅ 0.313

= + = 7,445  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−48,699.69

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0061 ⋅ 48,699.69 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−48,699.69

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0047 ⋅ 48,699.69 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅48,699.69

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−

√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅48,699.69
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,341
319.9173

 lbf
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Bending moment at the left saddle:

Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Wind, Operating & New)

584

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Wind, Operating & New)

1,169

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Wind, Operating & New)

832

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Wind, Operating & New)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Wind, Operating & New)

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,824.9 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,824.9 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 9,403  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅48,296.69

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅48,296.69
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅48,296.69

48.1565⋅0.313
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 819  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅48,296.69
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)
2 ⋅ 0.313

= + = 7,439  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−48,296.69

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0061 ⋅ 48,296.69 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2
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-4,393

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Wind, Operating & New)

-7,400

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Wind, Operating & New)

5,421

Ring compression in shell is acceptable 

Saddle splitting load (left, Wind, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,188

Stress in saddle is acceptable 

Load Case 4: Wind, Operating & Corr

Longitudinal stress between saddles (Wind, Operating & Corr, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 7,218 psi
Maximum compressive stress (shut down) S1c = S1 = 1,696 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Wind, Operating & Corr)

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−48,296.69

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0047 ⋅ 48,296.69 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅48,296.69

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−

√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅48,296.69
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= ± = = 1,696  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 46,999.69 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ 1.2 ⋅S ⋅E = 20,400  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 287.36 /in
Wt

Le

91,930
319.9173

 lbf
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Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Wind, Operating & Corr)

710

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Wind, Operating & Corr)

1,891

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Wind, Operating & Corr)

1,346

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Wind, Operating & Corr)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Wind, Operating & Corr)

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 287.36 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,723.9 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,723.9 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅46,999.69

48.219 ⋅ (0.188 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅46,999.69
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅46,999.69

48.219⋅0.188
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 1,325  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅46,999.69
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,373  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−46,999.69

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188
− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 46,999.69 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2
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-6,175

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Wind, Operating & Corr)

-17,499

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Wind, Operating & Corr)

7,309

Ring compression in shell is acceptable 

Saddle splitting load (right, Wind, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,156

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Wind, Operating & Corr)

Bending moment at the left saddle:

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−46,999.69

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188
− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 46,999.69 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅46,999.69

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501
− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅46,999.69
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 287.36 /in
Wt

Le

91,930
319.9173

 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 287.36 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,723.9 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,723.9 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188
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Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Wind, Operating & Corr)

703

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Wind, Operating & Corr)

1,875

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Wind, Operating & Corr)

1,335

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Wind, Operating & Corr)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Wind, Operating & Corr)

-6,120

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Wind, Operating & Corr)

-17,345

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Wind, Operating & Corr)

( ≤ 1.2 ⋅S = 24,000  psi)

( ≤ 1.2 ⋅ = 7,679  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅46,585.69

48.219 ⋅ (0.188 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅46,585.69
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅46,585.69

48.219⋅0.188
 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 1,314  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅46,585.69
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,361  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−46,585.69

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188
− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 46,585.69 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−46,585.69

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188
− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 46,585.69 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa
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7,245

Ring compression in shell is acceptable 

Saddle splitting load (left, Wind, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,146

Stress in saddle is acceptable 

Load Case 5: Wind, Test

Longitudinal stress between saddles (Wind, Test, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 5,262 psi
Maximum compressive stress (shut down) S1c = S1 = 1,047 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Wind, Test)

Bending moment at the right saddle:

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅46,585.69

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501
− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅46,585.69
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= ± = = 1,047  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 48,179.14 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.31348.1565 2

= = = 4,215  psiSp

P ⋅R
2 ⋅ t

54.97 ⋅ 48
2 ⋅ 0.313

( ≤ 0.9 ⋅ ⋅E = 22,950  psi)Sy

( ≤ 1.2 ⋅ = 9,843  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,342
319.9173

 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,825 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,825 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 4,215  psiSp

P ⋅R
2 ⋅ t

54.97 ⋅ 48
2 ⋅ 0.313
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Maximum tensile stress S2t = S2 + Sp = 4,216 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Wind, Test)

583

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Wind, Test)

1,166

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Wind, Test)

830

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Wind, Test)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Wind, Test)

-4,383

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Wind, Test)

-7,382

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Wind, Test)

( ≤ 0.9 ⋅ = 27,000  psi)Sy

( ≤ 1.2 ⋅ = 9,843  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅48,179.14

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅48,179.14
48.1565⋅0.313

 psi

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅48,179.14

48.1565⋅0.313
 psi

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = = 817  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅48,179.14
48.1565⋅0.313

= = = 8,435  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

54.97 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)

2 ⋅ 0.313

= + = 9,252  psiS3h Sp

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−48,179.14

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 48,179.14 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−48,179.14

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 48,179.14 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy
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5,408

Ring compression in shell is acceptable 

Saddle splitting load (right, Wind, Test)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,185

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Wind, Test)

Bending moment at the left saddle:

Maximum tensile stress S2t = S2 + Sp = 4,216 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Wind, Test)

577

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Wind, Test)

1,155

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅48,179.14

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626− −−−−−−−−−−√

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅48,179.14
11.6475

 psi

( ≤ 0.9 ⋅ = 34,200  psi)Sy

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,342
319.9173

 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,825 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,825 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 4,215  psiSp

P ⋅R
2 ⋅ t

54.97 ⋅ 48
2 ⋅ 0.313

( ≤ 0.9 ⋅ = 27,000  psi)Sy

( ≤ 1.2 ⋅ = 9,843  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅47,709.14

48.1565 ⋅ (0.313 + 0.313)
 psi

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅47,709.14
48.1565⋅0.313

 psi
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Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Wind, Test)

822

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Wind, Test)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Wind, Test)

-4,340

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Wind, Test)

-7,310

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Wind, Test)

5,355

Ring compression in shell is acceptable 

Saddle splitting load (left, Wind, Test)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,174

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅47,709.14

48.1565⋅0.313
 psi

≤ 0.8 ⋅ (0.9 ⋅ ) = 21,600  psiSy

= = = 809  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅47,709.14
48.1565⋅0.313

= = = 8,435  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

54.97 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)

2 ⋅ 0.313

= + = 9,244  psiS3h Sp

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−47,709.14

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 47,709.14 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−47,709.14

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 47,709.14 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅47,709.14

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626− −−−−−−−−−−√

=  psi

( ≤ 0.9 ⋅ = 27,000  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅47,709.14
11.6475

 psi
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Stress in saddle is acceptable 

Load Case 6: Weight, Operating & New

Longitudinal stress between saddles (Weight, Operating & New, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 4,348 psi
Maximum compressive stress (shut down) S1c = S1 = 1,041 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Weight, Operating & New)

Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Weight, Operating & New)

579

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Weight, Operating & New)

1,159

Tangential shear stress is acceptable ( )

( ≤ 0.9 ⋅ = 34,200  psi)Sy

= ± = = 1,041  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 47,872 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ S ⋅E = 17,000  psi)

( ≤ = 7,836  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,341
319.9173

 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,824.9 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,824.9 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ S = 20,000  psi)

( ≤ = 7,836  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅47,872
48.1565 ⋅ (0.313 + 0.313)

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅47,872
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi
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Tangential shear stress in the shell at the wear plate edge (right saddle, Weight, Operating & New)

825

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Weight, Operating & New)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Weight, Operating & New)

-4,355

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Weight, Operating & New)

-7,335

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Weight, Operating & New)

5,373

Ring compression in shell is acceptable 

Saddle splitting load (right, Weight, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,178

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅47,872
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 812  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅47,872
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)
2 ⋅ 0.313

= + = 7,431  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−47,872

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0061 ⋅ 47,872 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−47,872

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0047 ⋅ 47,872 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅47,872

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−

√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅47,872
11.6475

 psi
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Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Weight, Operating & New)

Bending moment at the left saddle:

Maximum tensile stress S2t = S2 + Sp = 3,309 psi
Maximum compressive stress (shut down) S2c = S2 = 1 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Weight, Operating & New)

574

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Weight, Operating & New)

1,149

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Weight, Operating & New)

818

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Weight, Operating & New)

Total stress in the head 

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 298.02 /in
Wt

Le

95,341
319.9173

 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 298.02 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,824.9 -in lbf

= ± = = 1  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,824.9 ⋅ 1

π ⋅ ⋅ 0.31348.1565 2

= = = 3,308  psiSp

P ⋅R
2 ⋅ t

43.14 ⋅ 48
2 ⋅ 0.313

( ≤ S = 20,000  psi)

( ≤ = 7,836  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅47,469
48.1565 ⋅ (0.313 + 0.313)

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅47,469
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅47,469
48.1565⋅0.313

 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 805  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅47,469
48.1565⋅0.313

= = = 6,620  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96 + 0.2 ⋅ 0.313)
2 ⋅ 0.313

= + = 7,425  psiS3h Sp
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Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Weight, Operating & New)

-4,318

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Weight, Operating & New)

-7,273

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Weight, Operating & New)

5,328

Ring compression in shell is acceptable 

Saddle splitting load (left, Weight, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,168

Stress in saddle is acceptable 

Load Case 7: Weight, Operating & Corr

Longitudinal stress between saddles (Weight, Operating & Corr, right saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 7,188 psi
Maximum compressive stress (shut down) S1c = S1 = 1,667 psi

Tensile stress is acceptable 

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−47,469

4 ⋅ (0.313 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0061 ⋅ 47,469 ⋅ 48.1565

287.5 ⋅ ( + )0.313 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−47,469

4 ⋅ 0.313 ⋅ (8 + 1.56 ⋅ )48.313⋅0.313
− −−−−−−−−−−

√

12 ⋅ 0.0047 ⋅ 47,469 ⋅ 48.1565

287.5 ⋅ 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅47,469

(0.313 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.626
− −−−−−−−−−−

√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅47,469
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= ± = = 1,667  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.6896 ⋅ 46,172 ⋅ (287.5  / 12)

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ S ⋅E = 17,000  psi)
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Compressive stress is acceptable 

Longitudinal stress at the right saddle (Weight, Operating & Corr)

Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Weight, Operating & Corr)

697

Tangential shear stress is acceptable ( )

Tangential shear stress in the right head (Weight, Operating & Corr)

1,858

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (right saddle, Weight, Operating & Corr)

1,323

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (right saddle, Weight, Operating & Corr)

Total stress in the head 

( ≤ = 6,399  psi)Sc

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 287.36 /in
Wt

Le

91,930
319.9173

 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 287.36 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4

= 2,723.9 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,723.9 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ S = 20,000  psi)

( ≤ = 6,399  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅46,172

48.219 ⋅ (0.188 + 0.313)
 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅46,172
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅46,172
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 1,302  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅46,172
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,350  psiS3h Sp
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Stress in the head is acceptable 

Circumferential stress at the right saddle horns (Weight, Operating & Corr)

-6,066

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the right saddle wear plate horns (Weight, Operating & Corr)

-17,191

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over right saddle (Weight, Operating & Corr)

7,181

Ring compression in shell is acceptable 

Saddle splitting load (right, Weight, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,136

Stress in saddle is acceptable 

Longitudinal stress at the left saddle (Weight, Operating & Corr)

Bending moment at the left saddle:

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−46,172

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 46,172 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−46,172

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 46,172 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅46,172

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅46,172
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= +L + = + 287.5 + = 319.9173  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.313

3

w = = = 287.36 /in
Wt

Le

91,930
319.9173

 lbf

= w ⋅( + − )Mq

2 ⋅ ⋅Hl Al

3

A2
l

2

−R2 H2
l

4

= 287.36 ⋅ ( + − )2 ⋅ 24.313 ⋅ 17.75
3

17.75 2

2
−48.313 2 24.313 2

4
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Maximum tensile stress S2t = S2 + Sp = 5,524 psi
Maximum compressive stress (shut down) S2c = S2 = 2 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (left saddle, Weight, Operating & Corr)

691

= 2,723.9 -in lbf

= ± = = 2  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

2,723.9 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 5,522  psiSp

P ⋅R
2 ⋅ t

43.14⋅48.125
2 ⋅ 0.188

( ≤ S = 20,000  psi)

( ≤ = 6,399  psi)Sc

= = =S3
⋅QK2.3

R ⋅ (t + )tp

0.3648⋅45,758

48.219 ⋅ (0.188 + 0.313)
 psi

Tangential shear stress is acceptable ( )

Tangential shear stress in the left head (Weight, Operating & Corr)

1,841

Tangential shear stress is acceptable ( )

Tangential shear stress in the shell at the wear plate edge (left saddle, Weight, Operating & Corr)

1,311

Tangential shear stress is acceptable ( )

Additional stress in the head used as a stiffener (left saddle, Weight, Operating & Corr)

Total stress in the head 

Stress in the head is acceptable 

Circumferential stress at the left saddle horns (Weight, Operating & Corr)

-6,012

Circumferential stress at saddle horns is acceptable 

Circumferential stress at the left saddle wear plate horns (Weight, Operating & Corr)

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ th

0.3648⋅45,758
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = =S3
⋅QK2.3

R ⋅ t
0.2597⋅45,758
48.219⋅0.188

 psi

≤ 0.8 ⋅S = 16,000  psi

= = = 1,290  psiS3h
⋅QK2.4

R ⋅ th

0.2556⋅45,758
48.219⋅0.188

= = = 11,048  psiSp

P ⋅ (K ⋅ + 0.2 ⋅ )Di th

2 ⋅ th

43.14 ⋅ (1 ⋅ 96.25 + 0.2 ⋅ 0.188)

2 ⋅ 0.188

= + = 12,338  psiS3h Sp

( ≤ 1.25 ⋅ = 25,000  psi)Sh

= −S4
−Q

4 ⋅ (t + ) ⋅ (b + 1.56 ⋅ )tp ⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ ( + )t2 t2
p

= −
−45,758

4 ⋅ (0.188 + 0.313) ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0061 ⋅ 45,758 ⋅ 48.219

287.5 ⋅ ( + )0.188 2 0.313 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa
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-17,037

Circumferential stress at wear plate horns is acceptable 

Ring compression in shell over left saddle (Weight, Operating & Corr)

7,116

Ring compression in shell is acceptable 

Saddle splitting load (left, Weight, Operating & Corr)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,126

Stress in saddle is acceptable 

Shear stress in anchor bolting, one end slotted

Maximum seismic or wind base shear

Thermal expansion base shear  = 48,679*0.45

Corroded root area for a 1" series 8 threaded bolt  ( 4 per saddle )

Bolt shear stress = 

Anchor bolt stress is acceptable ( ≤ 15,000 psi)

Shear stress in anchor bolting, transverse

Maximum seismic or wind base shear

Corroded root area for a 1" series 8 threaded bolt  ( 4 per saddle )

Bolt shear stress = 

Anchor bolt stress is acceptable ( ≤ 15,000 psi)

Web plate buckling check (Escoe pg 251)

Allowable compressive stress Sc = min(20,000 , 30,511) = 20,000 psi

Allowable compressive load on the saddle

= −S4
−Q

4 ⋅ t ⋅ (b + 1.56 ⋅ )⋅ tRo
− −−−−

√

12 ⋅ ⋅Q ⋅RK3

L ⋅ t2

= −
−45,758

4 ⋅ 0.188 ⋅ (8 + 1.56 ⋅ )48.313⋅0.188− −−−−−−−−−−√

12 ⋅ 0.0047 ⋅ 45,758 ⋅ 48.219

287.5 ⋅ 0.188 2

=  psi

( ≤ 1.5 ⋅ = 30,000  psi)Sa

=S5
⋅QK5

(t + ) ⋅ ( + 1.56 ⋅ )tp ts ⋅Ro tc
− −−−−

√

=
0.6467⋅45,758

(0.188 + 0.313) ⋅ (0.625 + 1.56 ⋅ )48.313⋅0.501− −−−−−−−−−−√

=  psi

( ≤ 0.5 ⋅ = 13,350  psi)Sy

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅45,758
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= 2,669.55  lbf

= W ⋅ μ = 21,905.55  lbf

= 0.551  in2

= 9,939  psi
21,905.55

0.551 ⋅ 1 ⋅ 4

= 2,669.55  lbf

= 0.551  in2

= 606  psi
2,669.55

0.551 ⋅ 2 ⋅ 4

= = = 30,511  psiSc

⋅ ⋅EK i π2

12 ⋅ (1 − ) ⋅0.3 2 ( )di

ts

2

1.28 ⋅ ⋅ 29E+06π2

12 ⋅ (1 − ) ⋅0.3 2 ( )20.725
0.625

2
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Saddle loading of 51,260.64 lbf is ≤ Fb; satisfactory.

Primary bending + axial stress in the saddle due to end loads (assumes one saddle slotted)

The primary bending + axial stress in the saddle ≤ Ss = 20,000 psi; satisfactory.

Secondary bending + axial stress in the saddle due to end loads (includes thermal expansion, assumes one saddle slotted)

The secondary bending + axial stress in the saddle ≤ 2*Sy = 76,000 psi; satisfactory.

Saddle base plate thickness check (Roark sixth edition, Table 26, case 7a)

where 

The base plate thickness of 0.5 in is adequate.

Foundation bearing check

Concrete bearing stress ≤ 1,658 psi ; satisfactory.

Slotted hole length (Process Industry Practices VEFV1100)

Actual slot length is greater than or equal to the minimum (1.5" ≥ 0.3548"); satisfactory.

= = = 0.6492be
⋅di ts

( ⋅ ) + 2 ⋅ ⋅ (b − 1)di ts tw

20.725⋅0.625
(20.725 ⋅ 0.625) + 2 ⋅ 0.5 ⋅ (8 − 1)

= n ⋅ ( + 2 ⋅ ⋅ ) ⋅ = 5 ⋅ (3.6875 + 2 ⋅ 0.6492 ⋅ 0.625) ⋅ 20,000 = 449,897.22Fb As be ts Sc  lb f

= + = + = 3,314  psiσb

V ⋅ ( − ) ⋅ yHs xo

I

Q

A

2,669.55 ⋅ (60.25 − 33.4292) ⋅ 4

107.3
50,453.64

78.241

= + = + = 25,216  psiσb

V ⋅ ( − ) ⋅ yHs xo

I

Q

A

24,575.1 ⋅ (60.25 − 33.4292) ⋅ 4

107.3
50,453.64

78.241

a = 20.725,b = 5.6875  in

= = = 0.4046  intb
⋅ q ⋅β1 b2

1.5 ⋅Sa

− −−−−−−−

√ 3 ⋅ 51 ⋅ 5.6875 2

1.5⋅20,000

− −−−−−−−−−−−

√

= = = 51  psiSf

Qmax

F ⋅E
51,260.64
12 ⋅ 84.4

= max [| − |,| −M DMT |] = max [|70 − 150|,|70 − 0|] = FΔt Tamb Ts Tamb 80 ∘

= 2 ⋅ ⋅α ⋅ = 2 ⋅ 252 ⋅ 8.8E-06 ⋅ 80 = 0.3548"SL Ls Δt
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Saddle (Middle)

ASME Section VIII Division 1, 2023 Edition

Inputs

Load Orientation Vertical Load

Position from datum 126"

Direction Angle 0.00°

Magnitude of Force 931 lb

Loading Conditions

Present When Operating Yes

Included in Vessel Lift Weight Yes

Present When Vessel is Empty Yes

Present During Test Yes
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Drain (N1)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Cylinder #1

Orientation 180°

Nozzle center line offset to datum line 234"

End of nozzle to shell center 54.313"

Passes through a Category A joint No

Nozzle

Description NPS 2 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304 Wld pipe (II-D p. 92, ln. 27)

Inside diameter, new 2.067"

Pipe nominal wall thickness 0.154"

Pipe minimum wall thickness1 0.1348"

Corrosion allowance 0"

Projection available outside vessel, Lpr 3.5"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 0.313"

Liquid static head included 3.7 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.313"

Radiography

Longitudinal seam Welded pipe

Circumferential seam Full UW-11(a) Type 1
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2020 Flange

Description NPS 2 Class 150 WN A105

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 418, ln. 32)

Blind included No

Rated MDMT -55°F

Liquid static head 3.92 psi

MAWP rating 272.5 psi @ 150°F

MAP rating 285 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

PWHT performed No

Produced to Fine Grain Practice and
Supplied in Heat Treated Condition No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Notes

Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.1522)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UHA-51 Material Toughness Requirements Nozzle

0.0026"

0.0195

Impact test exempt per UHA-51(g) (coincident ratio = 0.0195)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
43.15⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 43.15

Stress ratio = = =
⋅tr E *

− ctn

0.0026 ⋅ 1
0.1348−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 3.7 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1339 0.1348

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1078 0.1316 weld size is adequate

Calculations for internal pressure 3.7 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [2.067, 1.0335 + (0.154 − 0) + (0.313 − 0.125)]

2.067  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.154 − 0) + 0]

0.385  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

3.7045⋅1.0335
20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.0002  in

P ⋅R
S ⋅E − 0.6 ⋅P

3.7045⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.0089  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.154 in

 0.1078 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

tb1 =

=

=

0.1339 

P ⋅R
S ⋅E − 0.6 ⋅P

3.7045⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 3.7045

0.0105  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
3.9211⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 3.9211

= 0.0002  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0002, 0]

= 0.0002  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
3.7045⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.1339  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1339, 0.0625]

= 0.1339  in

tb = min [ , ]tb3 tb1

= min [0.1348, 0.1339]

= 0.1339  in

tUG-45 = max [ , ]ta tb

= max [0.0002, 0.1339]

=  in
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Available nozzle wall thickness new, tn =  = 0.1348 in 

The nozzle neck thickness is adequate.

0.875⋅0.154
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 77.95 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1348 0.1348

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1078 0.1316 weld size is adequate

Calculations for internal pressure 77.95 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [2.067, 1.0335 + (0.154 − 0) + (0.313 − 0.125)]

2.067  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.154 − 0) + 0]

0.385  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

77.948⋅1.0335
20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.004  in

P ⋅R
S ⋅E − 0.6 ⋅P

77.948⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.188  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.154 in

 0.1078 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

tb1 =

=

=

0.1348 

P ⋅R
S ⋅E − 0.6 ⋅P

77.948⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 77.948

0.2213  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
78.1646⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 78.1646

= 0.0048  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0048, 0]

= 0.0048  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
77.948⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in

tb = min [ , ]tb3 tb1

= min [0.1348, 0.313]

= 0.1348  in

tUG-45 = max [ , ]ta tb

= max [0.0048, 0.1348]

=  in
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Available nozzle wall thickness new, tn =  = 0.1348 in 

The nozzle neck thickness is adequate.

0.875⋅0.154
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Discharge (N2)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Cylinder #2

Orientation 180°

Nozzle center line offset to datum line 196"

End of nozzle to shell center 54.313"

Passes through a Category A joint No

Nozzle

Description NPS 3 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304 Wld pipe (II-D p. 92, ln. 27)

Inside diameter, new 3.068"

Pipe nominal wall thickness 0.216"

Pipe minimum wall thickness1 0.189"

Corrosion allowance 0"

Projection available outside vessel, Lpr 3.25"

Internal projection, hnew 4"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 0.313"

Liquid static head included 3.7 psi

Welds

Inner fillet, Leg41 0.188"

Lower fillet, Leg43 0.188"

Nozzle to vessel groove weld 0.313"

Radiography

Longitudinal seam Welded pipe

Circumferential seam Full UW-11(a) Type 1
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2020 Flange

Description NPS 3 Class 150 WN A182 F304

Bolt Material SA-193 B8 1 Bolt (II-D p. 426, ln. 4)

Blind included No

Rated MDMT -320°F

Liquid static head 3.92 psi

MAWP rating 252.5 psi @ 150°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

PWHT performed No

Produced to Fine Grain Practice and
Supplied in Heat Treated Condition No

Impact Tested No

Circumferential joint radiography Full UW-11(a) Type 1

Notes

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

0.104"

0.553

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
43.15⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 43.15

Stress ratio = = =
⋅tr E *

− ctn

0.104 ⋅ 1
0.313−0.125

Stress ratio longitudinal = =
7,278 ⋅ 1

20,000 ⋅ 1
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 3.7 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1339 0.189

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Calculations for internal pressure 3.7 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

Inner Normal Limit of reinforcement per UG-40 

LI =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

max [d, + ( − ) + (t −C )]Rn tn Cn

max [3.068, 1.534 + (0.216 − 0) + (0.313 − 0.125)]

3.068  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0) + 0]

0.47  in

min [h, 2.5 ⋅ (t −C), 2.5 ⋅ ( − −C )]ti Cn

min [3.875, 2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0 − 0.125)]

0.2275  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

3.7045⋅1.534
20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.0003  in

P ⋅R
S ⋅E − 0.6 ⋅P

3.7045⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.0089  in

83/185



Required thickness tr per Interpretation VIII-1-07-50

tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.188 in

 0.1316 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

tb1 =

=

=

P ⋅R
S ⋅E − 0.6 ⋅P

3.7045⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 3.7045

0.0105  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
3.9211⋅1.534

17,000 ⋅ 1 − 0.6 ⋅ 3.9211

= 0.0004  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0004, 0]

= 0.0004  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
3.7045⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 3.7045

0.1339  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1339, 0.0625]

= 0.1339  in

tb = min [ , ]tb3 tb1

= min [0.189, 0.1339]

= 0.1339  in
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0.1339 

Available nozzle wall thickness new, tn =  = 0.189 in 

The nozzle neck thickness is adequate.

tUG-45 = max [ , ]ta tb

= max [0.0004, 0.1339]

=  in

0.875⋅0.216
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 77.95 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.189 0.189

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Calculations for internal pressure 77.95 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

Inner Normal Limit of reinforcement per UG-40 

LI =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

max [d, + ( − ) + (t −C )]Rn tn Cn

max [3.068, 1.534 + (0.216 − 0) + (0.313 − 0.125)]

3.068  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0) + 0]

0.47  in

min [h, 2.5 ⋅ (t −C), 2.5 ⋅ ( − −C )]ti Cn

min [3.875, 2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0 − 0.125)]

0.2275  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

77.948⋅1.534
20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.006  in
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tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.188 in

 0.1316 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

tb1 =

=

=

P ⋅R
S ⋅E − 0.6 ⋅P

77.948⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.188  in

P ⋅R
S ⋅E − 0.6 ⋅P

77.948⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 77.948

0.2213  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
78.1646⋅1.534

17,000 ⋅ 1 − 0.6 ⋅ 78.1646

= 0.0071  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0071, 0]

= 0.0071  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
77.948⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 77.948

0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in
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0.189 

Available nozzle wall thickness new, tn =  = 0.189 in 

The nozzle neck thickness is adequate.

tb = min [ , ]tb3 tb1

= min [0.189, 0.313]

= 0.189  in

tUG-45 = max [ , ]ta tb

= max [0.0071, 0.189]

=  in

0.875⋅0.216
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Manway (N3)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Cylinder #4

Orientation 270°

Nozzle center line offset to datum line 63"

End of nozzle to shell center 56.313"

Offset from center, Lo -24"

Passes through a Category A joint No

Nozzle

Access opening No

Material specification SA-240 304 (II-D p. 92, ln. 14)

Inside diameter, new 23.25"

Nominal wall thickness 0.375"

Corrosion allowance 0"

Opening chord length 27.2172"

Projection available outside vessel, Lpr 3.514"

Projection available outside vessel to flange face, Lf 9.514"

Local vessel minimum thickness 0.313"

Liquid static head included 2.83 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.313"

Radiography

Longitudinal seam Spot UW-11(b) Type 1

Circumferential seam Spot UW-11(b) Type 1
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ASME B16.5-2020 Flange

Description NPS 24 Class 150 WN A182 F304

Bolt Material SA-193 B8 1 Bolt (II-D p. 426, ln. 4)

Blind included Yes

Rated MDMT -320°F

Liquid static head 2.83 psi

MAWP rating 252.5 psi @ 150°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

PWHT performed No

Produced to Fine Grain Practice and
Supplied in Heat Treated Condition No

Impact Tested No

Circumferential joint radiography Spot UW-11(b) Type 1

Bore diameter, B (specified by purchaser) 23.44"

Notes

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

0.1018"

0.5417

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
42.27⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 42.27

Stress ratio = = =
⋅tr E *

− ctn

0.1018 ⋅ 1
0.313−0.125

Stress ratio longitudinal = =
7,278 ⋅ 1

20,000 ⋅ 1
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 2.83 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.0925 5.4106 5.0243 0.351 -- -- 0.0353 0.1318 0.375

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Calculations for internal pressure 2.83 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [27.2172, 13.6086 + (0.375 − 0) + (0.313 − 0.125)]

27.2172  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

2.8269⋅11.625
20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.0016  in

P ⋅R
S ⋅E − 0.6 ⋅P

2.8269⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.0068  in
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tr =

=

=

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.0925 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 5.0243 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.351 in2 

=

=

=

=

=

=

A41 =

=

= 0.0353 in2

P ⋅R
S ⋅E − 0.6 ⋅P

2.8269⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 2.8269

0.008  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

27.2172 ⋅ 0.0068 ⋅ 0.5 + 2 ⋅ 0.375 ⋅ 0.0068 ⋅ 0.5 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

27.2172 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.0068) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.0068) ⋅ (1 − 1)

5.0243  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.375) ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.0068) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.0068) ⋅ (1 − 1)

0.2079  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.375 − 0.0016) ⋅ 1 ⋅ 0.188

0.351  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.375 − 0.0016) ⋅ 1 ⋅ 0.375

0.7001  in2

Le ⋅g2 fr2

⋅ 10.188 2

92/185



5.4106 in2

As Area >= A the reinforcement is adequate. 

UW-16(c) Weld Check

 0.188 in

 0.1316 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

tb1 =

=

=

0.1318 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

Area = + +A1 A2 A41

= 5.0243+0.351 + 0.0353

=

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
2.8269⋅11.625

20,000 ⋅ 0.85 − 0.6 ⋅ 2.8269

= 0.0019  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0019, 0]

= 0.0019  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
2.8269⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.1318  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1318, 0.0625]

= 0.1318  in

tb = min [ , ]tb3 tb1

= min [0.3281, 0.1318]

= 0.1318  in

tUG-45 = max [ , ]ta tb

= max [0.0019, 0.1318]

=  in
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% Forming strain - UHA-44(a)(2)

EFE = ( ) ⋅ (1 − ) = ( ) ⋅ (1 − ) = 1.5873 %
50 ⋅ t
Rf

Rf

Ro

50 ⋅ 0.375
11.8125

11.8125
∞
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 77.95 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

2.5584 2.9035 2.5584 0.3098 -- -- 0.0353 0.313 0.375

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Calculations for internal pressure 77.95 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [27.2172, 13.6086 + (0.375 − 0) + (0.313 − 0.125)]

27.2172  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

77.9478⋅11.625
20,000 ⋅ 1 − 0.6 ⋅ 77.9478

0.0454  in

P ⋅R
S ⋅E − 0.6 ⋅P

77.9478⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 77.9478

0.188  in
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tr =

=

=

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 2.5584 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 2.5584 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.3098 in2 

=

=

=

=

=

=

A41 =

=

= 0.0353 in2

P ⋅R
S ⋅E − 0.6 ⋅P

77.9478⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 77.9478

0.2213  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

27.2172 ⋅ 0.188 ⋅ 0.5 + 2 ⋅ 0.375 ⋅ 0.188 ⋅ 0.5 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

27.2172 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.188) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.188) ⋅ (1 − 1)

2.5584  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.375) ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.188) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 0.5 ⋅ 0.188) ⋅ (1 − 1)

0.1058  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.375 − 0.0454) ⋅ 1 ⋅ 0.188

0.3098  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.375 − 0.0454) ⋅ 1 ⋅ 0.375

0.618  in2

Le ⋅g2 fr2

⋅ 10.188 2
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2.9035 in2

As Area >= A the reinforcement is adequate. 

UW-16(c) Weld Check

 0.188 in

 0.1316 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

tb1 =

=

=

0.313 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

Area = + +A1 A2 A41

= 2.5584+0.3098 + 0.0353

=

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
77.9478⋅11.625

20,000 ⋅ 0.85 − 0.6 ⋅ 77.9478

= 0.0534  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0534, 0]

= 0.0534  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
77.9478⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 77.9478

0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in

tb = min [ , ]tb3 tb1

= min [0.3281, 0.313]

= 0.313  in

tUG-45 = max [ , ]ta tb

= max [0.0534, 0.313]

=  in
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Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 2.83 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.1581 4.5992 4.2129 0.351 -- -- 0.0353 0.1318 0.375

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [23.25, 11.625 + (0.375 − 0) + (0.313 − 0.125)]

23.25  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

2.8269⋅11.625
20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.0016  in

P ⋅R
S ⋅E − 0.6 ⋅P

2.8269⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.0068  in
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tr =

=

=

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.1581 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 4.2129 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.351 in2 

=

=

=

=

=

=

A41 =

=

= 0.0353 in2

P ⋅R
S ⋅E − 0.6 ⋅P

2.8269⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 2.8269

0.008  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

23.25 ⋅ 0.0068 ⋅ 1 + 2 ⋅ 0.375 ⋅ 0.0068 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

23.25 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0068) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0068) ⋅ (1 − 1)

4.2129  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.375) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0068) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0068) ⋅ (1 − 1)

0.204  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.375 − 0.0016) ⋅ 1 ⋅ 0.188

0.351  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.375 − 0.0016) ⋅ 1 ⋅ 0.375

0.7001  in2

Le ⋅g2 fr2

⋅ 10.188 2
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4.5992 in2

As Area >= A the reinforcement is adequate. 

UG-45 Nozzle Neck Thickness Check

tb1 =

=

=

0.1318 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

Area = + +A1 A2 A41

= 4.2129+0.351 + 0.0353

=

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
2.8269⋅11.625

20,000 ⋅ 0.85 − 0.6 ⋅ 2.8269

= 0.0019  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0019, 0]

= 0.0019  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
2.8269⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 2.8269

0.1318  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1318, 0.0625]

= 0.1318  in

tb = min [ , ]tb3 tb1

= min [0.3281, 0.1318]

= 0.1318  in

tUG-45 = max [ , ]ta tb

= max [0.0019, 0.1318]

=  in

100/185



Reinforcement check in the plane parallel to the longitudinal axis

Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 42.27 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

2.3678 2.3679 2.0032 0.3294 -- -- 0.0353 0.2268 0.375

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1316 0.1316 weld size is adequate

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [23.25, 11.625 + (0.375 − 0) + (0.313 − 0.125)]

23.25  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

42.2709⋅11.625
20,000 ⋅ 1 − 0.6 ⋅ 42.2709

0.0246  in

P ⋅R
S ⋅E − 0.6 ⋅P

42.2709⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 42.2709

0.1018  in
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tr =

=

=

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 2.3678 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 2.0032 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.3294 in2 

=

=

=

=

=

=

A41 =

=

= 0.0353 in2

P ⋅R
S ⋅E − 0.6 ⋅P

42.2709⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 42.2709

0.1198  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

23.25 ⋅ 0.1018 ⋅ 1 + 2 ⋅ 0.375 ⋅ 0.1018 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

23.25 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1018) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1018) ⋅ (1 − 1)

2.0032  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.375) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1018) − 2 ⋅ 0.375 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1018) ⋅ (1 − 1)

0.097  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.375 − 0.0246) ⋅ 1 ⋅ 0.188

0.3294  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.375 − 0.0246) ⋅ 1 ⋅ 0.375

0.657  in2

Le ⋅g2 fr2

⋅ 10.188 2
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2.3679 in2

As Area >= A the reinforcement is adequate. 

UG-45 Nozzle Neck Thickness Check

tb1 =

=

=

0.2268 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

Area = + +A1 A2 A41

= 2.0032+0.3294 + 0.0353

=

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
42.2709⋅11.625

20,000 ⋅ 0.85 − 0.6 ⋅ 42.2709

= 0.0289  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0289, 0]

= 0.0289  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
42.2709⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 42.2709

0.2268  in

tb1 = max [ , ]tb1 tbUG16

= max [0.2268, 0.0625]

= 0.2268  in

tb = min [ , ]tb3 tb1

= min [0.3281, 0.2268]

= 0.2268  in

tUG-45 = max [ , ]ta tb

= max [0.0289, 0.2268]

=  in
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Fill (N4)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Cylinder #5

Orientation 0°

Nozzle center line offset to datum line 0"

End of nozzle to shell center 54.313"

Passes through a Category A joint No

Nozzle

Description NPS 2 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304 Wld pipe (II-D p. 92, ln. 27)

Inside diameter, new 2.067"

Pipe nominal wall thickness 0.154"

Pipe minimum wall thickness1 0.1348"

Corrosion allowance 0"

Projection available outside vessel, Lpr 3.5"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 0.313"

Liquid static head included 0.22 psi

Welds

Inner fillet, Leg41 0.1875"

Nozzle to vessel groove weld 0.313"

Radiography

Longitudinal seam Welded pipe

Circumferential seam Spot UW-11(b) Type 1
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2020 Flange

Description NPS 2 Class 150 WN A182 F304

Bolt Material SA-193 B8 1 Bolt (II-D p. 426, ln. 4)

Blind included No

Rated MDMT -320°F

Liquid static head 0 psi

MAWP rating 252.5 psi @ 150°F

MAP rating 275 psi @ 70°F

Hydrotest rating 425 psi @ 70°F

PWHT performed No

Produced to Fine Grain Practice and
Supplied in Heat Treated Condition No

Impact Tested No

Circumferential joint radiography Spot UW-11(b) Type 1

Notes

Flange rated MDMT per UHA-51(d)(1)(a) = -320°F
Bolts rated MDMT = -320°F

UHA-51 Material Toughness Requirements Nozzle

0.0024"

0.0179

Impact test exempt per UHA-51(g) (coincident ratio = 0.0179)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
39.66⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 39.66

Stress ratio = = =
⋅tr E *

− ctn

0.0024 ⋅ 1
0.1348−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 0.22 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1255 0.1348

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1078 0.1313 weld size is adequate

Calculations for internal pressure 0.22 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [2.067, 1.0335 + (0.154 − 0) + (0.313 − 0.125)]

2.067  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.154 − 0) + 0]

0.385  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

0.2166⋅1.0335
20,000 ⋅ 1 − 0.6 ⋅ 0.2166

0  in

P ⋅R
S ⋅E − 0.6 ⋅P

0.2166⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 0.2166

0.0005  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.154 in

 0.1078 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

tb1 =

=

=

0.1255 

P ⋅R
S ⋅E − 0.6 ⋅P

0.2166⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 0.2166

0.0006  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
0.2166⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 0.2166

= 0  in

ta = max [ , ]taUG-27 taUG-22

= max [0, 0]

= 0  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
0.2166⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 0.2166

0.1255  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1255, 0.0625]

= 0.1255  in

tb = min [ , ]tb3 tb1

= min [0.1348, 0.1255]

= 0.1255  in

tUG-45 = max [ , ]ta tb

= max [0, 0.1255]

=  in
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Available nozzle wall thickness new, tn =  = 0.1348 in 

The nozzle neck thickness is adequate.

0.875⋅0.154
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 77.94 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.1348 0.1348

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1078 0.1313 weld size is adequate

Calculations for internal pressure 77.94 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [2.067, 1.0335 + (0.154 − 0) + (0.313 − 0.125)]

2.067  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.154 − 0) + 0]

0.385  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

77.9411⋅1.0335
20,000 ⋅ 1 − 0.6 ⋅ 77.9411

0.004  in

P ⋅R
S ⋅E − 0.6 ⋅P

77.9411⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 77.9411

0.188  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(c) Weld Check

 0.154 in

 0.1078 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

tb1 =

=

=

0.1348 

P ⋅R
S ⋅E − 0.6 ⋅P

77.9411⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 77.9411

0.2213  in

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  intc(actual)

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
77.9411⋅1.0335

17,000 ⋅ 1 − 0.6 ⋅ 77.9411

= 0.0048  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0048, 0]

= 0.0048  in

+ Corrosion
P ⋅R

S ⋅E − 0.6 ⋅P

+ 0.125
77.9411⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 77.9411

0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in

tb = min [ , ]tb3 tb1

= min [0.1348, 0.313]

= 0.1348  in

tUG-45 = max [ , ]ta tb

= max [0.0048, 0.1348]

=  in
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Available nozzle wall thickness new, tn =  = 0.1348 in 

The nozzle neck thickness is adequate.

0.875⋅0.154
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Vent (N5)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Cylinder #4

Orientation 0°

Nozzle center line offset to datum line 63"

End of nozzle to shell center 52.2029"

Passes through a Category A joint No

Nozzle

Service Threaded (THRD)

Description NPS 3 Class 3000 - Threaded Full Coupling

Access opening No

Material specification SA-182 F304 ≤ 5 (II-D p. 92, ln. 4)

Inside diameter, new 3.5"

Nominal wall thickness 0.375"

Corrosion allowance 0"

Projection available outside vessel, Lpr 3.8899"

Local vessel minimum thickness 0.313"

Liquid static head included 0.22 psi

Welds

Inner fillet, Leg41 0.1875"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Spot UW-11(b) Type 1

UHA-51 Material Toughness Requirements Nozzle

0.0956"

0.5082

0.3639

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
39.66⋅48.125

20,000 ⋅ 1 − 0.6 ⋅ 39.66

Stress ratio = = =
⋅tr E *

− ctn

0.0956 ⋅ 1
0.313−0.125

Stress ratio longitudinal = =
7,278 ⋅ 1

20,000 ⋅ 1
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 0.22 psi @ 150 °F The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.375

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 0.22 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [3.5, 1.75 + (0.375 − 0) + (0.313 − 0.125)]

3.5  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

0.2166⋅1.75
20,000 ⋅ 1 − 0.6 ⋅ 0.2166

0  in

P ⋅R
S ⋅E − 0.6 ⋅P

0.2166⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 0.2166

0.0005  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

0.0625 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

P ⋅R
S ⋅E − 0.6 ⋅P

0.2166⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 0.2166

0.0006  in

= min [0.75, , t] = 0.188  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
0.2166⋅2.125

20,000 ⋅ 0.85 + 0.4 ⋅ 0.2166

= 0  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0, 0.0625]

=  in
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 77.94 psi @ 150 °F The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.375

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 77.94 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [3.5, 1.75 + (0.375 − 0) + (0.313 − 0.125)]

3.5  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.375 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

77.9411⋅1.75
20,000 ⋅ 1 − 0.6 ⋅ 77.9411

0.0068  in

P ⋅R
S ⋅E − 0.6 ⋅P

77.9411⋅48.125
20,000 ⋅ 1 − 0.6 ⋅ 77.9411

0.188  in
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tr =

=

=

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

0.0625 

Available nozzle wall thickness new, tn = 0.375 in 

The nozzle neck thickness is adequate.

P ⋅R
S ⋅E − 0.6 ⋅P

77.9411⋅48.125
20,000 ⋅ 0.85 − 0.6 ⋅ 77.9411

0.2213  in

= min [0.75, , t] = 0.188  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
77.9411⋅2.125

20,000 ⋅ 0.85 + 0.4 ⋅ 77.9411

= 0.0097  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0.0097, 0.0625]

=  in
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Level Transmitter (N6)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 170°

End of nozzle to datum line 286.5852"

Calculated as hillside Yes

Distance to head center, R 45"

Passes through a Category A joint No

Nozzle

Description NPS 3 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304 Wld pipe (II-D p. 92, ln. 27)

Inside diameter, new 3.068"

Pipe nominal wall thickness 0.216"

Pipe minimum wall thickness1 0.189"

Corrosion allowance 0"

Opening chord length 5.2016"

Projection available outside vessel, Lpr 5.784"

Projection available outside vessel to flange face, Lf 6"

Local vessel minimum thickness 0.313"

Liquid static head included 3.56 psi

Welds

Inner fillet, Leg41 0.25"

Nozzle to vessel groove weld 0.375"

Radiography

Longitudinal seam Welded pipe
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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ASME B16.5-2020 Flange

Description NPS 3 Class 150 SO A105

Bolt Material SA-193 B7 Bolt <= 2 1/2 (II-D p. 418, ln. 32)

Blind included No

Rated MDMT -55°F

Liquid static head 3.56 psi

MAWP rating 272.5 psi @ 150°F

MAP rating 285 psi @ 70°F

Hydrotest rating 450 psi @ 70°F

External fillet weld leg (UW-21) 0.3024" (0.3024" min)

Internal fillet weld leg (UW-21) 0.216" (0.216" min)

PWHT performed No

Produced to Fine Grain Practice and
Supplied in Heat Treated Condition No

Impact Tested No

UW-21 Flange Welds

0.3024"

0.3024"

0.216"

Notes

Flange rated MDMT per UCS-66(b)(3) = -155°F (Coincident ratio = 0.1509)
Bolts rated MDMT per Fig UCS-66 note (c) = -55°F

UHA-51 Material Toughness Requirements Nozzle

0.1031"

0.5486

Rated MDMT per UHA-51(d)(1)(a), (carbon content does not exceed 0.10%) = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= min [1.4 ⋅ , ] = [1.4 ⋅ 0.216,0.34] =Xmin tn g0

= + = 0.3024 + =External Leg min Xmin
Co

0.7
0

0.7

= min [ ,0.25" + ] = min [0.216,0.25 + ] =Internal Leg min tn
Ci

0.7
0

0.7

= =tr
43 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 43

Stress ratio = = =
⋅tr E *

− ctn

0.1031 ⋅ 1
0.313−0.125
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 3.56 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.0444 1.1988 0.9335 0.2028 -- -- 0.0625 0.1335 0.189

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1512 0.175 weld size is adequate

Calculations for internal pressure 3.56 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

max [d, + ( − ) + (t −C )]Rn tn Cn

max [5.2016, 2.6008 + (0.216 − 0) + (0.313 − 0.125)]

5.2016  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

3.5602⋅1.534
20,000 ⋅ 1 − 0.6 ⋅ 3.5602

0.0003  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

3.56 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 3.56

=0.0085  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

3.56 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 3.56

=0.01  in
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fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.0444 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 0.9335 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.2028 in2 

=

=

=

=

=

=

A41 =

=

= 0.0625 in2

1.1988 in2

As Area >= A the reinforcement is adequate. 

UW-16(c) Weld Check

 0.216 in

 0.1512 in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

5.2016 ⋅ 0.0085 ⋅ 1 + 2 ⋅ 0.216 ⋅ 0.0085 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

5.2016 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0085) − 2 ⋅ 0.216 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0085) ⋅ (1 − 1)

0.9335  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.216) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0085) − 2 ⋅ 0.216 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0085) ⋅ (1 − 1)

0.145  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.216 − 0.0003) ⋅ 1 ⋅ 0.188

0.2028  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.216 − 0.0003) ⋅ 1 ⋅ 0.216

0.233  in2

Le ⋅g2 fr2

⋅ 10.25 2

Area = + +A1 A2 A41

= 0.9335+0.2028 + 0.0625

=

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.25 = 0.175  intc(actual)
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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

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

tb1 =

=

0.1335 

Available nozzle wall thickness new, tn =  = 0.189 in 

The nozzle neck thickness is adequate.

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
3.5602⋅1.534

17,000 ⋅ 1 − 0.6 ⋅ 3.5602

= 0.0003  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0003, 0]

= 0.0003  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
3.56 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 3.56

= 0.1335  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1335, 0.0625]

= 0.1335  in

tb = min [ , ]tb3 tb1

= min [0.189, 0.1335]

= 0.1335  in

tUG-45 = max [ , ]ta tb

= max [0.0003, 0.1335]

=  in

0.875⋅0.216
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Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 49.69 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.6199 0.62 0.358 0.1995 -- -- 0.0625 0.189 0.189

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

Weld description
Required weld
throat size (in)

Actual weld
throat size (in)

Status

Nozzle to shell fillet (Leg41) 0.1512 0.175 weld size is adequate

Calculations for internal pressure 49.69 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

max [d, + ( − ) + (t −C )]Rn tn Cn

max [5.2016, 2.6008 + (0.216 − 0) + (0.313 − 0.125)]

5.2016  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.216 − 0) + 0]

0.47  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

49.6894⋅1.534
20,000 ⋅ 1 − 0.6 ⋅ 49.6894

0.0038  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

49.69 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 49.69

=0.1192  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

49.69 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 49.69

=0.1402  in
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fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.6199 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 0.358 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.1995 in2 

=

=

=

=

=

=

A41 =

=

= 0.0625 in2

0.62 in2

As Area >= A the reinforcement is adequate. 

UW-16(c) Weld Check

 0.216 in

 0.1512 in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

5.2016 ⋅ 0.1192 ⋅ 1 + 2 ⋅ 0.216 ⋅ 0.1192 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

5.2016 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1192) − 2 ⋅ 0.216 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1192) ⋅ (1 − 1)

0.358  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.216) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1192) − 2 ⋅ 0.216 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1192) ⋅ (1 − 1)

0.0556  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.216 − 0.0038) ⋅ 1 ⋅ 0.188

0.1995  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.216 − 0.0038) ⋅ 1 ⋅ 0.216

0.2292  in2

Le ⋅g2 fr2

⋅ 10.25 2

Area = + +A1 A2 A41

= 0.358+0.1995 + 0.0625

=

Fillet weld: = min [0.75, , t] =tmin tn

= min [0.25, 0.7 ⋅ ] =tc(min) tmin

= 0.7 ⋅ Leg = 0.7 ⋅ 0.25 = 0.175  intc(actual)
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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

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

tb1 =

=

0.189 

Available nozzle wall thickness new, tn =  = 0.189 in 

The nozzle neck thickness is adequate.

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
49.6894⋅1.534

17,000 ⋅ 1 − 0.6 ⋅ 49.6894

= 0.0045  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0045, 0]

= 0.0045  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
49.69 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 49.69

= 0.2442  in

tb1 = max [ , ]tb1 tbUG16

= max [0.2442, 0.0625]

= 0.2442  in

tb = min [ , ]tb3 tb1

= min [0.189, 0.2442]

= 0.189  in

tUG-45 = max [ , ]ta tb

= max [0.0045, 0.189]

=  in

0.875⋅0.216
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Lev Gauge Right Upper (N7)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 3.11°

End of nozzle to datum line 286.7806"

Calculated as hillside No

Distance to head center, R 41.5"

Passes through a Category A joint No

Nozzle

Service Level Indicator (LEVEL)

Description NPS 0.5 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304L Wld pipe (II-D p. 88, ln. 16)

Inside diameter, new 0.622"

Pipe nominal wall thickness 0.109"

Pipe minimum wall thickness1 0.0954"

Corrosion allowance 0"

Projection available outside vessel, Lpr 6"

Local vessel minimum thickness 0.313"

Liquid static head included 0.46 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Welded pipe

Circumferential seam Full UW-11(a) Type 1
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

0.0009"

0.0092

Impact test exempt per UHA-51(g) (coincident ratio = 0.0092)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
39.91⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 39.91

Stress ratio = = =
⋅tr E *

− ctn

0.0009 ⋅ 1
0.0954−0

126/185



Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 0.46 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 0.46 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

0.4647⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 0.4647

0  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

0.46 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 0.46

=0.0011  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

0.46 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 0.46

=0.0013  in
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0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
0.4647⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 0.4647

= 0  in

ta = max [ , ]taUG-27 taUG-22

= max [0, 0]

= 0  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
0.46 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 0.46

= 0.1261  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1261, 0.0625]

= 0.1261  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.1261]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0, 0.0954]

=  in

0.875⋅0.109
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 78.37 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 78.37 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

This opening does not require reinforcement per UG-36(c)(3)(a)

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

78.3704⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 78.3704

0.0015  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

78.37 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 78.37

=0.188  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

78.37 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 78.37

=0.2212  in
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UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
78.3704⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 78.3704

= 0.0017  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0017, 0]

= 0.0017  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
78.37 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 78.37

= 0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.313]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0.0017, 0.0954]

=  in

0.875⋅0.109
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Lev Gauge Right Lower (N8)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 90°

End of nozzle to datum line 300.0309"

Calculated as hillside No

Distance to head center, R 2.375"

Passes through a Category A joint No

Nozzle

Service Level Indicator (LEVEL)

Description NPS 0.5 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304L Wld pipe (II-D p. 88, ln. 16)

Inside diameter, new 0.622"

Pipe nominal wall thickness 0.109"

Pipe minimum wall thickness1 0.0954"

Corrosion allowance 0"

Projection available outside vessel, Lpr 6"

Local vessel minimum thickness 0.313"

Liquid static head included 1.96 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Welded pipe
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.

131/185



UHA-51 Material Toughness Requirements Nozzle

0.0009"

0.0095

Impact test exempt per UHA-51(g) (coincident ratio = 0.0095)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
41.4⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 41.4

Stress ratio = = =
⋅tr E *

− ctn

0.0009 ⋅ 1
0.0954−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 1.96 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 1.96 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

   

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

1.9605⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 1.9605

0  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

1.9605 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.9605

0.0042  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

1.96 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 1.96

=0.0055  in
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This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
1.9605⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 1.9605

= 0  in

ta = max [ , ]taUG-27 taUG-22

= max [0, 0]

= 0  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
1.96 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.96

= 0.1297  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1297, 0.0625]

= 0.1297  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.1297]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0, 0.0954]

=  in

0.875⋅0.109
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The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 86.99 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 86.99 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

86.9901⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 86.9901

0.0016  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

86.9901 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 86.9901

0.188  in
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This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

86.99 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 86.99

=0.2455  in

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
86.9901⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 86.9901

= 0.0019  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0019, 0]

= 0.0019  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
86.99 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 86.99

= 0.3337  in

tb1 = max [ , ]tb1 tbUG16

= max [0.3337, 0.0625]

= 0.3337  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.3337]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0.0019, 0.0954]

=  in
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Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

0.875⋅0.109
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Lev Gauge Left Upper (N9)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 270°

End of nozzle to datum line 300.0309"

Calculated as hillside No

Distance to head center, R 2.375"

Passes through a Category A joint No

Nozzle

Service Level Indicator (LEVEL)

Description NPS 0.5 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304L Wld pipe (II-D p. 88, ln. 16)

Inside diameter, new 0.622"

Pipe nominal wall thickness 0.109"

Pipe minimum wall thickness1 0.0954"

Corrosion allowance 0"

Projection available outside vessel, Lpr 6"

Local vessel minimum thickness 0.313"

Liquid static head included 1.96 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Welded pipe
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

0.0009"

0.0095

Impact test exempt per UHA-51(g) (coincident ratio = 0.0095)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
41.4⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 41.4

Stress ratio = = =
⋅tr E *

− ctn

0.0009 ⋅ 1
0.0954−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 1.96 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 1.96 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

   

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

1.9605⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 1.9605

0  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

1.9605 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.9605

0.0042  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

1.96 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 1.96

=0.0055  in

141/185



This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
1.9605⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 1.9605

= 0  in

ta = max [ , ]taUG-27 taUG-22

= max [0, 0]

= 0  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
1.96 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.96

= 0.1297  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1297, 0.0625]

= 0.1297  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.1297]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0, 0.0954]

=  in

0.875⋅0.109
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The nozzle neck thickness is adequate.
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 86.99 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 86.99 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

86.9901⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 86.9901

0.0016  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

86.9901 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 86.9901

0.188  in
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This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

86.99 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 86.99

=0.2455  in

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
86.9901⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 86.9901

= 0.0019  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0019, 0]

= 0.0019  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
86.99 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 86.99

= 0.3337  in

tb1 = max [ , ]tb1 tbUG16

= max [0.3337, 0.0625]

= 0.3337  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.3337]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0.0019, 0.0954]

=  in
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Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

0.875⋅0.109
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Lev Gauge Left Lower (N10)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 183.11°

End of nozzle to datum line 284.8023"

Calculated as hillside No

Distance to head center, R 43.5"

Passes through a Category A joint No

Nozzle

Service Level Indicator (LEVEL)

Description NPS 0.5 Sch 40S (Std)

Access opening No

Material specification SA-312 TP304L Wld pipe (II-D p. 88, ln. 16)

Inside diameter, new 0.622"

Pipe nominal wall thickness 0.109"

Pipe minimum wall thickness1 0.0954"

Corrosion allowance 0"

Projection available outside vessel, Lpr 6.4625"

Local vessel minimum thickness 0.313"

Liquid static head included 3.53 psi

Welds

Inner fillet, Leg41 0.188"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Welded pipe
1Pipe minimum thickness = nominal thickness times pipe tolerance factor of 0.875.
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UHA-51 Material Toughness Requirements Nozzle

0.0009"

0.0099

Impact test exempt per UHA-51(g) (coincident ratio = 0.0099)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
42.97⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 42.97

Stress ratio = = =
⋅tr E *

− ctn

0.0009 ⋅ 1
0.0954−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 3.53 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 3.53 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(d) Weld Check

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

3.5285⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 3.5285

0.0001  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

3.53 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 3.53

=0.0085  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

3.53 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 3.53

=0.01  in
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0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
3.6958⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 3.6958

= 0.0001  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0001, 0]

= 0.0001  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
3.53 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 3.53

= 0.1335  in

tb1 = max [ , ]tb1 tbUG16

= max [0.1335, 0.0625]

= 0.1335  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.1335]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0.0001, 0.0954]

=  in

0.875⋅0.109
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-45 Summary (in)

For P = 78.36 psi @ 150 °F The nozzle passes UG-45

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0954 0.0954

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0763 0.1316 weld size is adequate

Combined weld check (t1 + t2) 0.1362 0.2566 weld size is adequate

Nozzle to shell groove (Lower) 0.0763 0.125 weld size is adequate

Calculations for internal pressure 78.36 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)

  

Required thickness tr per Interpretation VIII-1-07-50

   

This opening does not require reinforcement per UG-36(c)(3)(a)

max [d, + ( − ) + (t −C )]Rn tn Cn

max [0.622, 0.311 + (0.109 − 0) + (0.313 − 0.125)]

0.622  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.109 − 0) + 0]

0.2725  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

78.3633⋅0.311
16,700 ⋅ 1 − 0.6 ⋅ 78.3633

0.0015  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

78.36 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 78.36

=0.188  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

78.36 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 78.36

=0.2212  in
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UW-16(d) Weld Check

0.0763

0.1362

The combined weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

tb1 =

=

0.0954 

Available nozzle wall thickness new, tn =  = 0.0954 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.109  intmin tn

 or = min [0.25, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.188 = 0.1316  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

+ = 0.2566 ≥ 1.25 ⋅ =t1 t2 tmin

taUG-27 = + Corrosion
P ⋅ Rn

⋅E − 0.6 ⋅PSn

= + 0
78.5306⋅0.311

14,200 ⋅ 1 − 0.6 ⋅ 78.5306

= 0.0017  in

ta = max [ , ]taUG-27 taUG-22

= max [0.0017, 0]

= 0.0017  in

+ Corrosion
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P

+ 0.125
78.36 ⋅ 96.25 ⋅ 0.99655

2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 78.36

= 0.313  in

tb1 = max [ , ]tb1 tbUG16

= max [0.313, 0.0625]

= 0.313  in

tb = min [ , ]tb3 tb1

= min [0.0954, 0.313]

= 0.0954  in

tUG-45 = max [ , ]ta tb

= max [0.0017, 0.0954]

=  in

0.875⋅0.109
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Spin hole coupling 1 (N11)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #1

Orientation 0°

End of nozzle to datum line 294.7475"

Calculated as hillside No

Distance to head center, R 0"

Passes through a Category A joint No

Nozzle

Service Threaded (THRD)

Description NPS 0.75 Class 3000 - Threaded Half Coupling

Access opening No

Material specification SA-182 F304 ≤ 5 (II-D p. 92, ln. 4)

Inside diameter, new 1.05"

Nominal wall thickness 0.165"

Corrosion allowance 0"

Projection available outside vessel, Lpr 0.687"

Local vessel minimum thickness 0.313"

Liquid static head included 1.96 psi

Welds

Inner fillet, Leg41 0.1875"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Spot UW-11(b) Type 1

UHA-51 Material Toughness Requirements Nozzle

0.0013"

0.0066

Impact test exempt per UHA-51(g) (coincident ratio = 0.0066)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
41.4⋅0.525

20,000 ⋅ 0.85 − 0.6 ⋅ 41.4

Stress ratio = = =
⋅tr E *

− ctn

0.0013⋅0.85
0.165−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 1.96 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.0044 0.3642 0.193 0.136 -- -- 0.0352 0.0625 0.165

UG-41 Weld Failure Path Analysis Summary (lbf)

All failure paths are stronger than the applicable weld loads

Weld load
W

Weld load
W1-1

Path 1-1
strength

Weld load
W2-2

Path 2-2
strength

-2,558.29 3,424 8,391.82 4,664.8 7,993.39

UW-16 Weld Sizing Summary

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 1.96 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

max [d, + ( − ) + (t −C )]Rn tn Cn

max [1.05, 0.525 + (0.165 − 0) + (0.313 − 0.125)]

1.05  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.165 − 0) + 0]

0.4125  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

1.9605⋅0.525
20,000 ⋅ 1 − 0.6 ⋅ 1.9605

0.0001  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

1.9605 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.9605

0.0042  in
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Opening N8 is too close per UG-36(c)(3)(d) to allow an exemption per UG-36(c)(3)(a). Reinforcement calculations performed.

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.0044 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 0.193 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.136 in2 

=

=

=

=

=

=

A41 =

=

= 0.0352 in2

0.3642 in2

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

1.96 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 1.96

=0.0055  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

1.05 ⋅ 0.0042 ⋅ 1 + 2 ⋅ 0.165 ⋅ 0.0042 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

1.05 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0042) − 2 ⋅ 0.165 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0042) ⋅ (1 − 1)

0.193  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.165) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0042) − 2 ⋅ 0.165 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0042) ⋅ (1 − 1)

0.1297  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.165 − 0.0001) ⋅ 1 ⋅ 0.188

0.155  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.165 − 0.0001) ⋅ 1 ⋅ 0.165

0.136  in2

Le ⋅g2 fr2

⋅ 10.1875 2

Area = + +A1 A2 A41

= 0.193+0.136 + 0.0352

=
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As Area >= A the reinforcement is adequate. 

UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

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

0.0625 

Available nozzle wall thickness new, tn = 0.165 in 

The nozzle neck thickness is adequate.

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

Groove weld in tension:  = 14,800 psi

Nozzle wall in shear:  = 14,000 psi

Inner fillet weld in shear:  = 9,800 psi

Strength of welded joints:

(1) Inner fillet weld in shear

 = 3,983.15 lbf

(3) Nozzle wall in shear

 = 4,408.68 lbf

(4) Groove weld in tension

 = 4,010.24 lbf

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

= min [0.75, , t] = 0.165  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
1.9605⋅0.69

20,000 ⋅ 0.85 + 0.4 ⋅ 1.9605

= 0.0001  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0.0001, 0.0625]

=  in

0.74⋅20,000

0.7⋅20,000

0.49⋅20,000

⋅ Nozzle OD ⋅ Leg ⋅ = ⋅ 1.38 ⋅ 0.1875 ⋅ 9,800
π

2
S i

π

2

⋅ Mean nozzle dia ⋅ ⋅ = ⋅ 1.215 ⋅ 0.165 ⋅ 14,000
π

2
tn Sn

π

2

⋅ Nozzle OD ⋅ ⋅ = ⋅ 1.38 ⋅ 0.125 ⋅ 14,800
π

2
tw Sg

π

2
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W =

=

= -2,558.29 lbf

W1-1 =

=

= 3,424 lbf

W2-2 =

=

= 4,664.8 lbf

Load for path 1-1 lesser of W or W1-1 = -2,558.29 lbf
Path 1-1 through (1) & (3) = 3,983.15 + 4,408.68 = 8,391.82 lbf
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 W2-2 = -2,558.29 lbf
Path 2-2 through (1), (4) = 3,983.15 + 4,010.24 = 7,993.39 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

(A − + 2 ⋅ ⋅ ⋅ ( ⋅ t −F ⋅ )) ⋅A1 tn fr1 E1 tr Sv

(0.0044 − 0.193 + 2 ⋅ 0.165 ⋅ 1 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.0042)) ⋅ 20,000

( + + + ) ⋅A2 A5 A41 A42 Sv

(0.136 + 0 + 0.0352 + 0) ⋅ 20,000

( + + + + 2 ⋅ ⋅ t ⋅ ) ⋅A2 A3 A41 A43 tn fr1 Sv

(0.136 + 0 + 0.0352 + 0 + 2 ⋅ 0.165 ⋅ 0.188 ⋅ 1) ⋅ 20,000
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Reinforcement Calculations for MAWP

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 80.87 psi @ 150 °F
The opening is adequately reinforced

The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

0.1835 0.1835 0.0139 0.1344 -- -- 0.0352 0.0625 0.165

UG-41 Weld Failure Path Analysis Summary (lbf)

All failure paths are stronger than the applicable weld loads

Weld load
W

Weld load
W1-1

Path 1-1
strength

Weld load
W2-2

Path 2-2
strength

3,479.2 3,392 8,391.82 4,632.8 7,993.39

UW-16 Weld Sizing Summary

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 80.87 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

max [d, + ( − ) + (t −C )]Rn tn Cn

max [1.05, 0.525 + (0.165 − 0) + (0.313 − 0.125)]

1.05  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.165 − 0) + 0]

0.4125  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

80.8675⋅0.525
20,000 ⋅ 1 − 0.6 ⋅ 80.8675

0.0021  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

80.8675 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 80.8675

0.1748  in
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Required thickness tr per Interpretation VIII-1-07-50

   

Opening N8 is too close per UG-36(c)(3)(d) to allow an exemption per UG-36(c)(3)(a). Reinforcement calculations performed.

Area required per UG-37(c)

Allowable stresses: Sn = 20,000, Sv = 20,000 psi

fr1 = lesser of 1 or  = 1

fr2 = lesser of 1 or  = 1

A =

=

= 0.1835 in2

Area available from FIG. UG-37.1

A1 = larger of the following= 0.0139 in2 

=

=

=

=

=

=

A2 = smaller of the following= 0.1344 in2 

=

=

=

=

=

=

A41 =

=

= 0.0352 in2

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

80.87 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 80.87

=0.2282  in

Sn

Sv

Sn

Sv

d ⋅ ⋅F + 2 ⋅ ⋅ ⋅F ⋅ (1 − )tr tn tr fr1

1.05 ⋅ 0.1748 ⋅ 1 + 2 ⋅ 0.165 ⋅ 0.1748 ⋅ 1 ⋅ (1 − 1)

d ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )E1 tr tn E1 tr fr1

1.05 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1748) − 2 ⋅ 0.165 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1748) ⋅ (1 − 1)

0.0139  in2

2 ⋅ (t + ) ⋅ ( ⋅ t −F ⋅ ) − 2 ⋅ ⋅ ( ⋅ t −F ⋅ ) ⋅ (1 − )tn E1 tr tn E1 tr fr1

2 ⋅ (0.188 + 0.165) ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1748) − 2 ⋅ 0.165 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1748) ⋅ (1 − 1)

0.0094  in2

5 ⋅ ( − ) ⋅ ⋅ ttn trn fr2

5 ⋅ (0.165 − 0.0021) ⋅ 1 ⋅ 0.188

0.1531  in2

5 ⋅ ( − ) ⋅ ⋅tn trn fr2 tn

5 ⋅ (0.165 − 0.0021) ⋅ 1 ⋅ 0.165

0.1344  in2

Le ⋅g2 fr2

⋅ 10.1875 2
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0.1835 in2

As Area >= A the reinforcement is adequate. 

UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

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

0.0625 

Available nozzle wall thickness new, tn = 0.165 in 

The nozzle neck thickness is adequate.

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

Groove weld in tension:  = 14,800 psi

Nozzle wall in shear:  = 14,000 psi

Inner fillet weld in shear:  = 9,800 psi

Strength of welded joints:

(1) Inner fillet weld in shear

 = 3,983.15 lbf

(3) Nozzle wall in shear

 = 4,408.68 lbf

(4) Groove weld in tension

 = 4,010.24 lbf

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

Area = + +A1 A2 A41

= 0.0139+0.1344 + 0.0352

=

= min [0.75, , t] = 0.165  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
80.8675⋅0.69

20,000 ⋅ 0.85 + 0.4 ⋅ 80.8675

= 0.0033  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0.0033, 0.0625]

=  in

0.74⋅20,000

0.7⋅20,000

0.49⋅20,000

⋅ Nozzle OD ⋅ Leg ⋅ = ⋅ 1.38 ⋅ 0.1875 ⋅ 9,800
π

2
S i

π

2

⋅ Mean nozzle dia ⋅ ⋅ = ⋅ 1.215 ⋅ 0.165 ⋅ 14,000
π

2
tn Sn

π

2

⋅ Nozzle OD ⋅ ⋅ = ⋅ 1.38 ⋅ 0.125 ⋅ 14,800
π

2
tw Sg

π

2
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W =

=

= 3,479.2 lbf

W1-1 =

=

= 3,392 lbf

W2-2 =

=

= 4,632.8 lbf

Load for path 1-1 lesser of W or W1-1 = 3,392 lbf
Path 1-1 through (1) & (3) = 3,983.15 + 4,408.68 = 8,391.82 lbf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 3,479.2 lbf
Path 2-2 through (1), (4) = 3,983.15 + 4,010.24 = 7,993.39 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

(A − + 2 ⋅ ⋅ ⋅ ( ⋅ t −F ⋅ )) ⋅A1 tn fr1 E1 tr Sv

(0.1835 − 0.0139 + 2 ⋅ 0.165 ⋅ 1 ⋅ (1 ⋅ 0.188 − 1 ⋅ 0.1748)) ⋅ 20,000

( + + + ) ⋅A2 A5 A41 A42 Sv

(0.1344 + 0 + 0.0352 + 0) ⋅ 20,000

( + + + + 2 ⋅ ⋅ t ⋅ ) ⋅A2 A3 A41 A43 tn fr1 Sv

(0.1344 + 0 + 0.0352 + 0 + 2 ⋅ 0.165 ⋅ 0.188 ⋅ 1) ⋅ 20,000
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Spin hole coupling 2 (N12)

ASME Section VIII Division 1, 2023 Edition

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

Location and Orientation

Located on Ellipsoidal Head #2

Orientation 0°

End of nozzle to datum line -42.7475"

Calculated as hillside No

Distance to head center, R 0"

Passes through a Category A joint No

Nozzle

Service Threaded (THRD)

Description NPS 0.75 Class 3000 - Threaded Half Coupling

Access opening No

Material specification SA-182 F304 ≤ 5 (II-D p. 92, ln. 4)

Inside diameter, new 1.05"

Nominal wall thickness 0.165"

Corrosion allowance 0"

Projection available outside vessel, Lpr 0.687"

Local vessel minimum thickness 0.313"

Liquid static head included 1.96 psi

Welds

Inner fillet, Leg41 0.1875"

Nozzle to vessel groove weld 0.25"

Radiography

Longitudinal seam Spot UW-11(b) Type 1

UHA-51 Material Toughness Requirements Nozzle

0.0013"

0.0066

Impact test exempt per UHA-51(g) (coincident ratio = 0.0066)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
41.4⋅0.525

20,000 ⋅ 0.85 − 0.6 ⋅ 41.4

Stress ratio = = =
⋅tr E *

− ctn

0.0013⋅0.85
0.165−0
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Reinforcement Calculations for Internal Pressure

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 1.96 psi @ 150 °F The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.165

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 1.96 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

   

This opening does not require reinforcement per UG-36(c)(3)(a)

max [d, + ( − ) + (t −C )]Rn tn Cn

max [1.05, 0.525 + (0.165 − 0) + (0.313 − 0.125)]

1.05  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.165 − 0) + 0]

0.4125  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

1.9605⋅0.525
20,000 ⋅ 1 − 0.6 ⋅ 1.9605

0.0001  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

1.9605 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 1.9605

0.0042  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

1.96 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 1.96

=0.0055  in
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UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

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

0.0625 

Available nozzle wall thickness new, tn = 0.165 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.165  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
1.9605⋅0.69

20,000 ⋅ 0.85 + 0.4 ⋅ 1.9605

= 0.0001  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0.0001, 0.0625]

=  in
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in2) UG-44 Summary (in)

For P = 86.99 psi @ 150 °F The nozzle passes UG-44

A
required

A
available

A1 A2 A3 A5
A

welds
treq tmin

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 0.0625 0.165

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

Weld description
Required weld

size (in)
Actual weld

size (in)
Status

Nozzle to shell fillet (Leg41) 0.0938 0.1313 weld size is adequate

Nozzle to shell groove (Lower) 0.0938 0.125 weld size is adequate

Calculations for internal pressure 86.99 psi @ 150 °F

Parallel Limit of reinforcement per UG-40 

LR =

=

=

Outer Normal Limit of reinforcement per UG-40 

LH =

=

=

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

trn =

=

=

Required thickness tr from UG-37(a)(c)

tr =

=

=

Required thickness tr per Interpretation VIII-1-07-50

   

max [d, + ( − ) + (t −C )]Rn tn Cn

max [1.05, 0.525 + (0.165 − 0) + (0.313 − 0.125)]

1.05  in

min [2.5 ⋅ (t −C ), 2.5 ⋅ ( − ) + ]tn Cn te

min [2.5 ⋅ (0.313 − 0.125), 2.5 ⋅ (0.165 − 0) + 0]

0.4125  in

P ⋅ Rn

⋅E − 0.6 ⋅PSn

86.9901⋅0.525
20,000 ⋅ 1 − 0.6 ⋅ 86.9901

0.0023  in

P ⋅ ⋅DK1

2 ⋅S ⋅E − 0.2 ⋅P

86.9901 ⋅ 0.8977 ⋅ 96.25
2 ⋅ 20,000 ⋅ 1 − 0.2 ⋅ 86.9901

0.188  in

=tr
P ⋅D ⋅K

2 ⋅S ⋅E − 0.2 ⋅P
=

86.99 ⋅ 96.25 ⋅ 0.99655
2 ⋅ 20,000 ⋅ 0.85 − 0.2 ⋅ 86.99

=0.2455  in
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This opening does not require reinforcement per UG-36(c)(3)(a)

UW-16(f)(2)(b) Weld Check

0.0938

UG-44 Thickness Check - ASME B16.11 Coupling

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

0.0625 

Available nozzle wall thickness new, tn = 0.165 in 

The nozzle neck thickness is adequate.

= min [0.75, , t] = 0.165  intmin tn

 or = min [0.09375, 0.7 ⋅ ] =t1(min) t2(min) tmin  in

= 0.7 ⋅ Leg = 0.7 ⋅ 0.1875 = 0.1313  int1(actual)

The weld size  is satisfactory.t1

= 0.125  int2(actual)

The weld size  is satisfactory.t2

taApp 1-1 = + Corrosion
P ⋅Ro

⋅E + 0.4 ⋅PSn

= + 0
86.9901⋅0.69

20,000 ⋅ 0.85 + 0.4 ⋅ 86.9901

= 0.0035  in

taUG-44 = max [ , ]taApp 1-1 tbUG16

= max [0.0035, 0.0625]

=  in
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Lifting Lug #1 (See Alternative Calc)

Geometry Inputs

Attached To Cylinder #2

Material 304/304L

Orientation Longitudinal

Distance of Lift Point From Datum 210"

Angular Position 0°

Length, L 10"

Height, H 8.5"

Lug Radius, R 2.5"

Thickness, t 0.625"

Hole Diameter, d 1.5"

Pin Diameter, Dp 1.0092"

Distance from Load to Shell or Pad, a2 6"

Load Angle Normal to Vessel, b -45°

Load Angle from Vertical, f -45°

Welds

Size, tw 0.25"

Reinforcement Pad

Width, Bp 5"

Length, Lp 15"

Thickness, tp 0.313"

Weld Size, tw p 0.25"

Intermediate Values

Load Factor 1.5000

Vessel Weight (new, incl. Load Factor), W 20,014.2 lb

Lug Weight (new), Wlug 17.2 lb

Distance from Center of Gravity to this lug, x1 87.7067"

Distance from Center of Gravity to second lug, x2 80.2933"

Allowable Stress, Tensile, st 19,980 psi

Allowable Stress, Shear, ss 13,320 psi

Allowable Stress, Bearing, sp 29,970 psi

Allowable Stress, Bending, sb 22,201 psi

Allowable Stress, Weld Shear, tallowable 13,320 psi

Allowable Stress set to 1/3 Sy per ASME B30.20 No

167/185



Summary Values

Required Lift Pin Diameter, dreqd 0.8041"

Required Lug Thickness, treqd 0.4472"

Lug Stress Ratio, sratio 0.32

Weld Shear Stress Ratio, tratio 0.83

Lug Design Acceptable

Local Stresses WRC 537 Unacceptable

Lift Forces

13,528 lbf

where 'x1' is the distance between this lug and the center of gravity

'x2' is the distance between the second lift lug and the center of gravity

Lug Pin Diameter - Shear stress

=

= = 0.8041"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Lug Thickness - Tensile stress

= force on vessel at lugFr

= [ ] ⋅ (1 − ) = ⋅ (1 − ) =Fr

W

cos( )ϕ1

x1

+x1 x2

20,014.2

cos( − 45)
87.7067

87.7067+80.2933

dreqd
2 ⋅Fv

π ⋅ σs

− −−−−

√
2 ⋅ 13,528
π ⋅ 13,320

− −−−−−−−

√

dreqd

Dp

0.8041
1.0092

0.80

σ Fv

A

Fv

2 ⋅ (0.25 ⋅ π ⋅ )D2
p

13,528

2 ⋅ (0.25 ⋅ π ⋅ )1.0092 2 8,455  psi

σ

σs

8,455
13,320

0.63
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=

= = 0.1752"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Lug Thickness - Bearing stress

=

= = 0.4472"

 

= = Acceptable

 

s =

=

= =

 

= = Acceptable

Lug Thickness - Shear stress

treqd
Fv

( −d) ⋅Lcl σt

13,528

(5.3648 − 1.5) ⋅ 19,980

treqd

t

0.1752
0.625

0.28

σ Fv

A

Fv

( −d) ⋅ tLcl

13,528

(5.3648 − 1.5) ⋅ 0.625
5,600  psi

σ

σt

5,600
19,980

0.28

treqd
Fv

⋅Dp σp

13,528
1.0092⋅29,970

treqd

t

0.4472
0.625

0.72

Fv

Abearing

Fv

⋅ (t)Dp

13,528

1.0092 ⋅ (0.625)
21,446  psi

σ

σp

21,446
29,970

0.72
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=

= = 0.2742"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

=

=

 =

=

=

 = 1.8516"

Lug Plate Stress

Lug stress tensile + bending during lift:

=

=

=

= 0.32         Acceptable

Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle -45.00°; lift force = 13,528 lbf

treqd

Fv
σs

2 ⋅Lshear

13,528

13,320

2 ⋅ 1.8516

treqd

t

0.2742
0.625

0.44

τ
Fv

Ashear

Fv

2 ⋅ t ⋅Lshear

13,528
2 ⋅ 0.625 ⋅ 1.8516

5,845  psi

τ

σs

5,845
13,320

0.44

ϕ 55 ⋅
Dp

d

55 ⋅
1.0092

1.5

37.0049°

Lshear (H −a2 − 0.5 ⋅ d) + 0.5 ⋅ ⋅ (1 − cos(ϕ))Dp

(8.5 − 6 − 0.5 ⋅ 1.5) + 0.5 ⋅ 1.0092 ⋅ (1 − cos(37.0049))

σratio [ ] + [ ] ≤ 1
Ften

⋅Aten σt

Mbend

⋅Zbend σb

[ ] + [ ] ≤ 1
⋅ cos(β)Fr

t ⋅L ⋅ σt

6 ⋅ | ⋅ sin(β) ⋅ Hght − ⋅ cos(β) ⋅ |Fr Fr a1

t ⋅ ⋅L2 σb

13,528 ⋅ + 6 ⋅
cos( − 45.0)

0.625 ⋅ 10 ⋅ 19,980

|13,528 ⋅ sin( − 45.0) ⋅ 6 − 13,528 ⋅ cos( − 45.0) ⋅ 0|

0.625 ⋅ ⋅ 22,201102
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=

=

=

 =

 

=

 =

 

=

=

=

=

 

=

=

= 0.83 Acceptable

Pad Weld Stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle -45.00°; lift force = 13,528 lbf

=

=

=

 =

 

=

 =

 

Aweld 2 ⋅ (0.707) ⋅ ⋅ (L + t)tw

2 ⋅ (0.707) ⋅ 0.25 ⋅ (10 + 0.625) = 3.7559  in2

τt ⋅Flug
cos(β)

Aweld

13,528 ⋅
cos( − 45.0)

3.7559
=2,547  psi

τs ⋅Flug
sin(β)

Aweld

13,528 ⋅
sin( − 45.0)

3.7559
= − 2,547  psi

τb M ⋅
c

I

3 ⋅
⋅ sin(β) ⋅Hght − ⋅ cos(β) ⋅Flug Flug a1

0.707 ⋅ h ⋅L ⋅ (3 ⋅ t +L)

3 ⋅
|13,528 ⋅ sin( − 45.0) ⋅ 6 − 13,528 ⋅ cos( − 45.0) ⋅ (0)|

20.9891

8,203  psi

τratio ≤ 1
+( + )τt τb

2
τ 2
s

− −−−−−−−−−−−√
τallowable

+(2,547 + 8,203) 2 ( − 2,547) 2
− −−−−−−−−−−−−−−−−−−−−−−−√

13,320

Aweld 2 ⋅ (0.707) ⋅ _ p ⋅ ( + )tw Lp Bp

2 ⋅ (0.707) ⋅ 0.25 ⋅ (15 + 5) = 7.07  in2

τt ⋅Flug
cos(β)

Aweld

13,528 ⋅
cos( − 45.0)

7.07
=1,353  psi

τs ⋅Flug
sin(β)

Aweld

13,528 ⋅
sin( − 45.0)

7.07
= − 1,353  psi
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Geometry

Height (radial) 8.5"

Width (circumferential) 0.625"

Length 10"

Fillet Weld Size: 0.25"

Located On Cylinder #2 (205" from right end)

Location Angle 0.00°

Reinforcement Pad

Thickness 0.313"

Width 5"

Length 15"

Weld Size 0.25"

=

=

=

=

 

=

=

= 0.29 Acceptable

WRC 537 Analysis

Applied Loads

Radial load, Pr -9,565.53 lbf

Circumferential moment, Mc 0 lbf-in

Circumferential shear, Vc 0 lbf

Longitudinal moment, ML -60,387.2 lbf-in

Longitudinal shear, VL -9,565.53 lbf

Torsion moment, Mt 0 lbf-in

Internal pressure, P 0 psi

Mean shell radius, Rm 48.1565"

Design factor 3

Maximum stresses due to the applied loads at the lug edge

Note: Actual lug  used as this is the minimum ratio covered by WRC 537.

τb M ⋅
c

I

3 ⋅
⋅ sin(β) ⋅Hght − ⋅ cos(β) ⋅Flug Flug a1

0.707 ⋅ ⋅ ⋅ (3 ⋅ + )hp Lp Wp Lp

3 ⋅
|13,528 ⋅ sin( − 45.0) ⋅ 6.313 − 13,528 ⋅ cos( − 45.0) ⋅ (0)|

79.5375

2,278  psi

τratio ≤ 1
+( + )τt τb

2
τ 2
s

− −−−−−−−−−−−√
τallowable

+(1,353 + 2,278) 2 ( − 1,353) 2
− −−−−−−−−−−−−−−−−−−−−−−−√

13,320

γ = = = 76.9273
Rm

T

48.1565
0.626

= 0.5625, = 2.25  inC1 C2

< =
C1

C2

1
4,

C1

C2

1
4
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Local circumferential pressure stress 

Local longitudinal pressure stress 

Maximum combined stress 

Allowable combined stress 

WRC 537: The combined stress (PL+Pb+Q) is excessive

Maximum local primary membrane stress 

Allowable local primary membrane stress 

The maximum local primary membrane stress (PL) is within allowable limits.

= = 0  psi
P ⋅ Ri

T

= = 0  psi
P ⋅ Ri

2 ⋅ T

( + +Q) = 95,105  psiPL Pb

( + +Q) = ± 3 ⋅S = ± 60,000  psiPL Pb

( ) = 7,186  psiPL

( ) = ± 1.5 ⋅S = ± 30,000  psiPL
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Stresses at the lug edge per WRC Bulletin 537

Figure Y b Au Al Bu Bl Cu Cl Du Dl

3C* 16.6138 0.0346 0 0 0 0 5,272 5,272 5,272 5,272

4C* 14.4605 0.028 4,588 4,588 4,588 4,588 0 0 0 0

1C 0.2536 0.0206 0 0 0 0 37,144 -37,144 37,144 -37,144

2C-1 0.2106 0.0206 30,838 -30,838 30,838 -30,838 0 0 0 0

3A* 0.4328 0.0185 0 0 0 0 0 0 0 0

1A 0.1041 0.0222 0 0 0 0 0 0 0 0

3B* 3.3057 0.0294 2,598 2,598 -2,598 -2,598 0 0 0 0

1B-1 0.0646 0.0245 50,573 -50,573 -50,573 50,573 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress 88,597 -74,225 -17,745 21,725 42,416 -31,872 42,416 -31,872

Primary membrane circumferential stress* 7,186 7,186 1,990 1,990 5,272 5,272 5,272 5,272

3C* 17.015 0.028 5,399 5,399 5,399 5,399 0 0 0 0

4C* 14.4985 0.0346 0 0 0 0 4,600 4,600 4,600 4,600

1C-1 0.2173 0.0292 31,832 -31,832 31,832 -31,832 0 0 0 0

2C 0.1734 0.0292 0 0 0 0 25,393 -25,393 25,393 -25,393

4A* 0.7452 0.0185 0 0 0 0 0 0 0 0

2A 0.0619 0.0283 0 0 0 0 0 0 0 0

4B* 0.8647 0.0294 1,315 1,315 -1,315 -1,315 0 0 0 0

2B-1 0.0999 0.0339 56,559 -56,559 -56,559 56,559 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 95,105 -81,677 -20,643 28,811 29,993 -20,793 29,993 -20,793

Primary membrane longitudinal stress* 6,714 6,714 4,084 4,084 4,600 4,600 4,600 4,600

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 1,698 1,698 -1,698 -1,698

Total Shear stress 0 0 0 0 1,698 1,698 -1,698 -1,698

Combined stress (PL+Pb+Q) 95,105 -81,677 -20,643 28,811 42,644 -32,126 42,644 -32,126

* denotes primary stress.

Maximum stresses due to the applied loads at the pad edge

Local circumferential pressure stress 

Local longitudinal pressure stress 

Maximum combined stress 

Allowable combined stress 

WRC 537: The combined stress (PL+Pb+Q) is excessive (at pad edge)

Maximum local primary membrane stress 

Allowable local primary membrane stress 

The maximum local primary membrane stress (PL) is within allowable limits.

γ = = = 153.8546
Rm

T

48.1565
0.313

= 2.75, = 7.75  inC1 C2

= = 0  psi
P ⋅ Ri

T

= = 0  psi
P ⋅ Ri

2 ⋅ T

( + +Q) = 73,718  psiPL Pb

( + +Q) = ± 3 ⋅S = ± 60,000  psiPL Pb

( ) = 22,045  psiPL

( ) = ± 1.5 ⋅S = ± 30,000  psiPL
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Stresses at the pad edge per WRC Bulletin 537

Figure Y b Au Al Bu Bl Cu Cl Du Dl

3C* 8.958 0.1354 0 0 0 0 5,685 5,685 5,685 5,685

4C* 22.463 0.1124 14,255 14,255 14,255 14,255 0 0 0 0

1C 0.077 0.086 0 0 0 0 45,100 -45,100 45,100 -45,100

2C-1 0.0506 0.086 29,653 -29,653 29,653 -29,653 0 0 0 0

3A* 5.8476 0.0807 0 0 0 0 0 0 0 0

1A 0.0867 0.0874 0 0 0 0 0 0 0 0

3B* 15.645 0.1139 7,790 7,790 -7,790 -7,790 0 0 0 0

1B-1 0.0269 0.0939 22,020 -22,020 -22,020 22,020 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress 73,718 -29,628 14,098 -1,168 50,785 -39,415 50,785 -39,415

Primary membrane circumferential stress* 22,045 22,045 6,465 6,465 5,685 5,685 5,685 5,685

3C* 11.0758 0.1124 7,029 7,029 7,029 7,029 0 0 0 0

4C* 21.2459 0.1354 0 0 0 0 13,483 13,483 13,483 13,483

1C-1 0.0582 0.1165 34,117 -34,117 34,117 -34,117 0 0 0 0

2C 0.0329 0.1165 0 0 0 0 19,289 -19,289 19,289 -19,289

4A* 9.8589 0.0807 0 0 0 0 0 0 0 0

2A 0.0346 0.1059 0 0 0 0 0 0 0 0

4B* 6.4549 0.1139 5,614 5,614 -5,614 -5,614 0 0 0 0

2B-1 0.0266 0.1178 17,318 -17,318 -17,318 17,318 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 64,078 -38,792 18,214 -15,384 32,772 -5,806 32,772 -5,806

Primary membrane longitudinal stress* 12,643 12,643 1,415 1,415 13,483 13,483 13,483 13,483

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 986 986 -986 -986

Total Shear stress 0 0 0 0 986 986 -986 -986

Combined stress (PL+Pb+Q) 73,718 -38,792 18,214 -15,384 50,839 -39,444 50,839 -39,444

* denotes primary stress.
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Lifting Lug #2 (See Alternative Calc)

Geometry Inputs

Attached To Cylinder #4

Material 304/304L

Orientation Longitudinal

Distance of Lift Point From Datum 42"

Angular Position 0°

Length, L 10"

Height, H 8.5"

Lug Radius, R 2.5"

Thickness, t 1"

Hole Diameter, d 1.5"

Pin Diameter, Dp 0.9376"

Distance from Load to Shell or Pad, a2 6"

Load Angle Normal to Vessel, b 45°

Load Angle from Vertical, f 45°

Welds

Size, tw 0.25"

Reinforcement Pad

Width, Bp 5"

Length, Lp 15"

Thickness, tp 0.313"

Weld Size, tw p 0.25"

Intermediate Values

Load Factor 1.5000

Vessel Weight (new, incl. Load Factor), W 20,014.2 lb

Lug Weight (new), Wlug 23.1 lb

Distance from Center of Gravity to this lug, x1 80.2933"

Distance from Center of Gravity to second lug, x2 87.7067"

Allowable Stress, Tensile, st 19,980 psi

Allowable Stress, Shear, ss 13,320 psi

Allowable Stress, Bearing, sp 29,970 psi

Allowable Stress, Bending, sb 22,201 psi

Allowable Stress, Weld Shear, tallowable 13,320 psi

Allowable Stress set to 1/3 Sy per ASME B30.20 No
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Summary Values

Required Lift Pin Diameter, dreqd 0.8404"

Required Lug Thickness, treqd 0.5259"

Lug Stress Ratio, sratio 0.22

Weld Shear Stress Ratio, tratio 0.84

Lug Design Acceptable

Local Stresses WRC 537 Unacceptable

Lift Forces

14,777 lbf

where 'x1' is the distance between this lug and the center of gravity

'x2' is the distance between the second lift lug and the center of gravity

Lug Pin Diameter - Shear stress

=

= = 0.8404"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Lug Thickness - Tensile stress

= force on vessel at lugFr

= [ ] ⋅ (1 − ) = ⋅ (1 − ) =Fr

W

cos( )ϕ1

x1

+x1 x2

20,014.2

cos(45)
80.2933

80.2933+87.7067

dreqd
2 ⋅Fv

π ⋅ σs

− −−−−

√
2 ⋅ 14,777
π ⋅ 13,320

− −−−−−−−

√

dreqd

Dp

0.8404
0.9376

0.90

σ Fv

A

Fv

2 ⋅ (0.25 ⋅ π ⋅ )D2
p

14,777

2 ⋅ (0.25 ⋅ π ⋅ )0.9376 2 10,702  psi

σ

σs

10,702
13,320

0.8
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=

= = 0.1914"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Lug Thickness - Bearing stress

=

= = 0.5259"

 

= = Acceptable

 

s =

=

= =

 

= = Acceptable

Lug Thickness - Shear stress

treqd
Fv

( −d) ⋅Lcl σt

14,777

(5.3648 − 1.5) ⋅ 19,980

treqd

t

0.1914
1

0.19

σ Fv

A

Fv

( −d) ⋅ tLcl

14,777

(5.3648 − 1.5) ⋅ 1
3,823  psi

σ

σt

3,823
19,980

0.19

treqd
Fv

⋅Dp σp

14,777
0.9376⋅29,970

treqd

t

0.5259
1

0.53

Fv

Abearing

Fv

⋅ (t)Dp

14,777

0.9376 ⋅ (1)
15,761  psi

σ

σp

15,761
29,970

0.53
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=

= = 0.3028"

 

= = Acceptable

 

=

=

= =

 

= = Acceptable

Shear stress length (per Pressure Vessel and Stacks, A. Keith Escoe)

=

=

 =

=

=

 = 1.8319"

Lug Plate Stress

Lug stress tensile + bending during lift:

=

=

=

= 0.22         Acceptable

Weld Stress

Weld stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 45.00°; lift force = 14,777 lbf

treqd

Fv
σs

2 ⋅Lshear

14,777

13,320

2 ⋅ 1.8319

treqd

t

0.3028
1

0.30

τ
Fv

Ashear

Fv

2 ⋅ t ⋅Lshear

14,777
2 ⋅ 1 ⋅ 1.8319

4,033  psi

τ

σs

4,033
13,320

0.3

ϕ 55 ⋅
Dp

d

55 ⋅
0.9376

1.5

34.3774°

Lshear (H −a2 − 0.5 ⋅ d) + 0.5 ⋅ ⋅ (1 − cos(ϕ))Dp

(8.5 − 6 − 0.5 ⋅ 1.5) + 0.5 ⋅ 0.9376 ⋅ (1 − cos(34.3774))

σratio [ ] + [ ] ≤ 1
Ften

⋅Aten σt

Mbend

⋅Zbend σb

[ ] + [ ] ≤ 1
⋅ cos(β)Fr

t ⋅L ⋅ σt

6 ⋅ | ⋅ sin(β) ⋅ Hght − ⋅ cos(β) ⋅ |Fr Fr a1

t ⋅ ⋅L2 σb

14,777 ⋅ + 6 ⋅
cos(45.0)

1 ⋅ 10 ⋅ 19,980

|14,777 ⋅ sin(45.0) ⋅ 6 − 14,777 ⋅ cos(45.0) ⋅ 0|

1 ⋅ ⋅ 22,201102
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=

=

=

 =

 

=

 =

 

=

=

=

=

 

=

=

= 0.84 Acceptable

Pad Weld Stress, tensile, bending and shear during lift:

Direct shear:

Shear stress at lift angle 45.00°; lift force = 14,777 lbf

=

=

=

 =

 

=

 =

 

Aweld 2 ⋅ (0.707) ⋅ ⋅ (L + t)tw

2 ⋅ (0.707) ⋅ 0.25 ⋅ (10 + 1) = 3.8885  in2

τt ⋅Flug
cos(β)

Aweld

14,777 ⋅
cos(45.0)

3.8885
=2,687  psi

τs ⋅Flug
sin(β)

Aweld

14,777 ⋅
sin(45.0)

3.8885
=2,687  psi

τb M ⋅
c

I

3 ⋅
⋅ sin(β) ⋅Hght − ⋅ cos(β) ⋅Flug Flug a1

0.707 ⋅ h ⋅L ⋅ (3 ⋅ t +L)

3 ⋅
|14,777 ⋅ sin(45.0) ⋅ 6 − 14,777 ⋅ cos(45.0) ⋅ (0)|

22.9775

8,185  psi

τratio ≤ 1
+( + )τt τb

2
τ 2
s

− −−−−−−−−−−−√
τallowable

+(2,687 + 8,185) 2 (2,687) 2
− −−−−−−−−−−−−−−−−−−−−−√

13,320

Aweld 2 ⋅ (0.707) ⋅ _ p ⋅ ( + )tw Lp Bp

2 ⋅ (0.707) ⋅ 0.25 ⋅ (15 + 5) = 7.07  in2

τt ⋅Flug
cos(β)

Aweld

14,777 ⋅
cos(45.0)

7.07
=1,478  psi

τs ⋅Flug
sin(β)

Aweld

14,777 ⋅
sin(45.0)

7.07
=1,478  psi
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Geometry

Height (radial) 8.5"

Width (circumferential) 1"

Length 10"

Fillet Weld Size: 0.25"

Located On Cylinder #4 (37" from right end)

Location Angle 0.00°

Reinforcement Pad

Thickness 0.313"

Width 5"

Length 15"

Weld Size 0.25"

=

=

=

=

 

=

=

= 0.32 Acceptable

WRC 537 Analysis

Applied Loads

Radial load, Pr -10,448.71 lbf

Circumferential moment, Mc 0 lbf-in

Circumferential shear, Vc 0 lbf

Longitudinal moment, ML 65,962.7 lbf-in

Longitudinal shear, VL 10,448.71 lbf

Torsion moment, Mt 0 lbf-in

Internal pressure, P 0 psi

Mean shell radius, Rm 48.1565"

Design factor 3

Maximum stresses due to the applied loads at the lug edge

Note: Actual lug  used as this is the minimum ratio covered by WRC 537.

τb M ⋅
c

I

3 ⋅
⋅ sin(β) ⋅Hght − ⋅ cos(β) ⋅Flug Flug a1

0.707 ⋅ ⋅ ⋅ (3 ⋅ + )hp Lp Wp Lp

3 ⋅
|14,777 ⋅ sin(45.0) ⋅ 6.313 − 14,777 ⋅ cos(45.0) ⋅ (0)|

79.5375

2,488  psi

τratio ≤ 1
+( + )τt τb

2
τ 2
s

− −−−−−−−−−−−√
τallowable

+(1,478 + 2,488) 2 (1,478) 2
− −−−−−−−−−−−−−−−−−−−−−√

13,320

γ = = = 76.9273
Rm

T

48.1565
0.626

= 0.75, = 3  inC1 C2

< =
C1

C2

1
4,

C1

C2

1
4
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Local circumferential pressure stress 

Local longitudinal pressure stress 

Maximum combined stress 

Allowable combined stress 

WRC 537: The combined stress (PL+Pb+Q) is excessive

Maximum local primary membrane stress 

Allowable local primary membrane stress 

The maximum local primary membrane stress (PL) is within allowable limits.

= = 0  psi
P ⋅ Ri

T

= = 0  psi
P ⋅ Ri

2 ⋅ T

( + +Q) = 80,267  psiPL Pb

( + +Q) = ± 3 ⋅S = ± 60,000  psiPL Pb

( ) = 7,901  psiPL

( ) = ± 1.5 ⋅S = ± 30,000  psiPL

182/185



Stresses at the lug edge per WRC Bulletin 537

Figure Y b Au Al Bu Bl Cu Cl Du Dl

3C* 15.9366 0.0461 0 0 0 0 5,524 5,524 5,524 5,524

4C* 14.525 0.0374 5,034 5,034 5,034 5,034 0 0 0 0

1C 0.2299 0.0274 0 0 0 0 36,784 -36,784 36,784 -36,784

2C-1 0.1816 0.0274 29,046 -29,046 29,046 -29,046 0 0 0 0

3A* 0.6479 0.0247 0 0 0 0 0 0 0 0

1A 0.1036 0.0296 0 0 0 0 0 0 0 0

3B* 4.453 0.0392 -2,867 -2,867 2,867 2,867 0 0 0 0

1B-1 0.0621 0.0327 -39,827 39,827 39,827 -39,827 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress -8,614 12,948 76,774 -60,972 42,308 -31,260 42,308 -31,260

Primary membrane circumferential stress* 2,167 2,167 7,901 7,901 5,524 5,524 5,524 5,524

3C* 16.4487 0.0374 5,701 5,701 5,701 5,701 0 0 0 0

4C* 14.6291 0.0461 0 0 0 0 5,071 5,071 5,071 5,071

1C-1 0.1893 0.0389 30,284 -30,284 30,284 -30,284 0 0 0 0

2C 0.1474 0.0389 0 0 0 0 23,575 -23,575 23,575 -23,575

4A* 1.2263 0.0247 0 0 0 0 0 0 0 0

2A 0.0605 0.0378 0 0 0 0 0 0 0 0

4B* 1.2109 0.0392 -1,509 -1,509 1,509 1,509 0 0 0 0

2B-1 0.0922 0.0452 -42,773 42,773 42,773 -42,773 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress -8,297 16,681 80,267 -65,847 28,646 -18,504 28,646 -18,504

Primary membrane longitudinal stress* 4,192 4,192 7,210 7,210 5,071 5,071 5,071 5,071

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 -1,391 -1,391 1,391 1,391

Total Shear stress 0 0 0 0 -1,391 -1,391 1,391 1,391

Combined stress (PL+Pb+Q) -8,614 16,681 80,267 -65,847 42,448 -31,410 42,448 -31,410

* denotes primary stress.

Maximum stresses due to the applied loads at the pad edge

Local circumferential pressure stress 

Local longitudinal pressure stress 

Maximum combined stress 

Allowable combined stress 

WRC 537: The combined stress (PL+Pb+Q) is excessive (at pad edge)

Maximum local primary membrane stress 

Allowable local primary membrane stress 

The maximum local primary membrane stress (PL) is within allowable limits.

γ = = = 153.8546
Rm

T

48.1565
0.313

= 2.75, = 7.75  inC1 C2

= = 0  psi
P ⋅ Ri

T

= = 0  psi
P ⋅ Ri

2 ⋅ T

( + +Q) = 80,525  psiPL Pb

( + +Q) = ± 3 ⋅S = ± 60,000  psiPL Pb

( ) = 24,081  psiPL

( ) = ± 1.5 ⋅S = ± 30,000  psiPL
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Stresses at the pad edge per WRC Bulletin 537

Figure Y b Au Al Bu Bl Cu Cl Du Dl

3C* 8.958 0.1354 0 0 0 0 6,210 6,210 6,210 6,210

4C* 22.463 0.1124 15,572 15,572 15,572 15,572 0 0 0 0

1C 0.077 0.086 0 0 0 0 49,264 -49,264 49,264 -49,264

2C-1 0.0506 0.086 32,391 -32,391 32,391 -32,391 0 0 0 0

3A* 5.8476 0.0807 0 0 0 0 0 0 0 0

1A 0.0867 0.0874 0 0 0 0 0 0 0 0

3B* 15.645 0.1139 -8,509 -8,509 8,509 8,509 0 0 0 0

1B-1 0.0269 0.0939 -24,053 24,053 24,053 -24,053 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total circumferential stress 15,401 -1,275 80,525 -32,363 55,474 -43,054 55,474 -43,054

Primary membrane circumferential stress* 7,063 7,063 24,081 24,081 6,210 6,210 6,210 6,210

3C* 11.0758 0.1124 7,678 7,678 7,678 7,678 0 0 0 0

4C* 21.2459 0.1354 0 0 0 0 14,728 14,728 14,728 14,728

1C-1 0.0582 0.1165 37,267 -37,267 37,267 -37,267 0 0 0 0

2C 0.0329 0.1165 0 0 0 0 21,070 -21,070 21,070 -21,070

4A* 9.8589 0.0807 0 0 0 0 0 0 0 0

2A 0.0346 0.1059 0 0 0 0 0 0 0 0

4B* 6.4549 0.1139 -6,133 -6,133 6,133 6,133 0 0 0 0

2B-1 0.0266 0.1178 -18,917 18,917 18,917 -18,917 0 0 0 0

Pressure stress* 0 0 0 0 0 0 0 0

Total longitudinal stress 19,895 -16,805 69,995 -42,373 35,798 -6,342 35,798 -6,342

Primary membrane longitudinal stress* 1,545 1,545 13,811 13,811 14,728 14,728 14,728 14,728

Shear from Mt 0 0 0 0 0 0 0 0

Circ shear from Vc 0 0 0 0 0 0 0 0

Long shear from VL 0 0 0 0 -1,077 -1,077 1,077 1,077

Total Shear stress 0 0 0 0 -1,077 -1,077 1,077 1,077

Combined stress (PL+Pb+Q) 19,895 -16,805 80,525 -42,373 55,533 -43,086 55,533 -43,086

* denotes primary stress.
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Liquid Level bounded by Ellipsoidal Head #2

ASME Section VIII Division 1, 2023 Edition

Location from Center Line (in) 54.313

Operating Liquid Specific Gravity 1
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Middle Saddle

ASME Section VIII Division 1, 2023 Edition

Saddle Material SA-240 304

Saddle Construction Centered web

Welded to Vessel Yes

Saddle Allowable Stress, Ss 20,000 psi

Saddle Yield Stress, Sy 30,000 psi

Foundation Allowable Stress 1,658 psi

Design
Pressure Left Saddle Right Saddle

Operating & New 3.62 psi

Operating & Corr 3.62 psi

Test 3.62 psi

Dimensions

Right saddle distance to datum 63"

Tangent To Tangent Length, L 208.75"

Saddle separation, Ls 126"

Vessel Radius, R 48.313"

Tangent Distance Left, Al 17.75"

Tangent Distance Right, Ar 65"

Saddle Height, Hs 60.25"

Saddle Contact Angle, q 164°

Web Plate Thickness, ts 0.625"

Base Plate Length, E 84.4"

Base Plate Width, F 12"

Base Plate Thickness, tb 0.5"

Number of Stiffening Ribs, n 5

Largest Stiffening Rib Spacing, di 20.725"

Stiffening Rib Thickness, tw 0.5"

Saddle Width, b 8"

Reinforcing Plate

Material SA-240 304 (II-D p. 92, ln. 14)

Impact Tested No

Normalized No

Fine Grain Practice No

PWHT No

Design MDMT 0°F

Thickness, tp 0.313"

Width, Wp 15"

Contact Angle, qw 180°

Bolting

Material  

Bolt Allowable Shear 15,000 psi

Description 1.125" series 8 threaded

Corrosion on root 0"

Anchor Bolts per Saddle 4

Base coefficient of friction, m 0.45

Hole Diameter 1.5"
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Slotted Hole in Which Saddle Right Saddle

Slotted Hole Length 1.5"

Stiffening Rings

Material SA-240 304

Description 1/2x4.5 Flat Bar

Location outside shell

Number of Rings 1

Distance from Center of Saddle 0"

Max Depth to Thickness Ratio 12

Corrosion 0"

Also Acts as Vacuum Ring No

Weight

 Left Saddle Right Saddle

Operating, Corroded 21,494 lb 46,886 lb

Operating, New 22,583 lb 48,047 lb

Hydrotest 22,510 lb 48,120 lb

Weight of Saddle Pair 1,840 lb

Notes

(1) Saddle calculations are based on the method presented in "Stresses in Large Cylindrical Pressure Vessels on Two Saddle
Supports" by L.P. Zick.

UHA-51 Material Toughness Requirements Right Saddle Wear Plate

0.0103"

0.0464

0.0518

Impact test exempt per UHA-51(g) (coincident ratio = 0.0464)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

UHA-51 Material Toughness Requirements Left Saddle Wear Plate

0.0103"

0.0464

0.049

Impact test exempt per UHA-51(g) (coincident ratio = 0.0464)

Rated MDMT = -320°F

Material is exempt from impact testing at the Design MDMT of 0°F.

= =tr
3.62⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 3.62

Stress ratio = = =
⋅tr E *

− ctn

0.0103⋅0.85
0.313−0.125

Stress ratio longitudinal = =
1,037 ⋅ 1

20,000 ⋅ 1

= =tr
3.62⋅48.125

20,000 ⋅ 0.85 − 0.6 ⋅ 3.62

Stress ratio = = =
⋅tr E *

− ctn

0.0103⋅0.85
0.313−0.125

Stress ratio longitudinal = =
979 ⋅ 0.85
20,000⋅0.85
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Stress Summary

Load Condition Saddle

Bending + pressure between saddles
(psi)

Bending + pressure at the saddle
(psi)

S1

(+)

allow
(+)

S1

(-)

allow
(-)

S2

(+)

allow
(+)

S2

(-)

allow
(-)

Seismic

Operating & New
Right Saddle

-82 20,400 -359 9,403
634 24,000 356 9,403

Left Saddle 279 24,000 1 9,403

Operating & Corr
Right Saddle

-118 20,400 -582 7,679
1,037 24,000 573 7,679

Left Saddle 466 24,000 2 7,679

Wind

Operating & New
Right Saddle

-71 20,400 -349 9,403
627 24,000 350 9,403

Left Saddle 279 24,000 1 9,403

Operating & Corr
Right Saddle

-102 20,400 -565 7,679
1,026 24,000 563 7,679

Left Saddle 465 24,000 2 7,679

Test
Right Saddle

-66 22,950 -344 9,843
627 27,000 350 9,843

Left Saddle 279 27,000 1 9,843

Weight

Operating & New
Right Saddle

-63 17,000 -341 7,836
627 20,000 350 7,836

Left Saddle 279 20,000 1 7,836

Operating & Corr
Right Saddle

-88 17,000 -552 6,399
1,026 20,000 563 6,399

Left Saddle 465 20,000 2 6,399

Stress Summary

Load Condition Saddle

Tangential
shear (psi)

Splitting (psi) Stiffener ring stress (psi)

S3 allow S6 allow
S7

(shell)

allow
(+/-)

S7

(ring)

allow
(+/-)

Seismic

Operating & New
Right Saddle 558 16,000 1,246 13,333 6,022 30,000 -23,734 30,000

Left Saddle 292 16,000 589 13,333 3,140 30,000 -11,225 30,000

Operating & Corr
Right Saddle 912 16,000 1,215 13,333 10,667 30,000 -27,550 30,000

Left Saddle 456 16,000 561 13,333 5,423 30,000 -12,717 30,000

Wind

Operating & New
Right Saddle 536 16,000 1,209 13,333 5,862 30,000 -23,041 30,000

Left Saddle 283 16,000 574 13,333 3,075 30,000 -10,943 30,000

Operating & Corr
Right Saddle 877 16,000 1,181 13,333 10,388 30,000 -26,760 30,000

Left Saddle 443 16,000 548 13,333 5,314 30,000 -12,409 30,000

Test
Right Saddle 522 21,600 1,193 27,000 5,790 27,000 -22,726 27,000

Left Saddle 271 21,600 560 27,000 3,012 27,000 -10,669 27,000

Weight

Operating & New
Right Saddle 513 16,000 1,182 13,333 5,742 30,000 -22,520 30,000

Left Saddle 267 16,000 555 13,333 2,993 30,000 -10,585 30,000

Operating & Corr
Right Saddle 838 16,000 1,153 13,333 10,169 30,000 -26,140 30,000

Left Saddle 417 16,000 529 13,333 5,164 30,000 -11,983 30,000
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Seismic base shear on vessel

Vessel is assumed to be a rigid structure.

Method of seismic analysis ASCE 7-22 ground supported

Vertical seismic accelerations considered Yes

Importance factor, Ie 1

Site Class D

Spectral response acceleration at short periods, Ss (%g) 16%

Spectral response acceleration at 1 second period, S1 (%g) 6.3%

Adjusted spectral response acceleration at short periods, SMS (%g) 20%

Adjusted spectral response acceleration at 1 second period, SM1 (%g) 13%

Risk Category (Table 1.5-1) II

Hazardous, toxic, or explosive contents No

Equations

Results

0.1333

0.0867

Seismic Design Category (Section 11.6) B

Corroded

1,914.64 lbf

New

1,977.64 lbf

= ( ) ⋅SDS

2
3

SMS

= ( ) ⋅SD1
2
3

SM1

= 0.3 ⋅ ⋅W ⋅ ⋅ 0.7Fp SDS Ie

= ( ) ⋅ 0.2SDS

2
3

= ( ) ⋅ 0.13SD1
2
3

= 0.3 ⋅ 0.1333 ⋅ 68,380 ⋅ 1 ⋅ 0.7Fp

= 0.3 ⋅ 0.1333 ⋅ 70,630 ⋅ 1 ⋅ 0.7Fp
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Saddle reactions due to weight + seismic

Vv = vertical seismic force acting on the saddle

V = horizontal seismic shear acting on the saddle (worst case if not slotted)

Seismic longitudinal reaction, Ql

Seismic transverse reaction, Qt

Equations

Results

Operating & New

Right Saddle

1,842.53 lbf

2,591.08 lbf

50,638.08 lbf

Left Saddle

1,367.21 lbf

1,217.86 lbf

23,950.21 lbf

Operating & Corr

Right Saddle

1,790.74 lbf

2,528.47 lbf

49,414.47 lbf

Left Saddle

1,316.75 lbf

1,159.13 lbf

22,810.75 lbf

Saddle reactions due to weight + wind

Wind longitudinal reaction, Ql

Wind transverse reaction, Qt

Wind pressure, Pw 20.4277 psf

Equations

= +Ql

V ⋅Hs

Ls

Vv

= +Qt

V ⋅ Hs

⋅ Sin(θ  / 2)Ro

Vv

Q = W + max [ , ]Qt Ql

= + 0.14 ⋅ 0.1333 ⋅ 48,047Ql

1,977.64⋅60.25
126

= + 0.14 ⋅ 0.1333 ⋅ 48,047Qt

1,345.32⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 48,047 + max [2,591.08,1,842.53]

= + 0.14 ⋅ 0.1333 ⋅ 22,583Ql

1,977.64⋅60.25
126

= + 0.14 ⋅ 0.1333 ⋅ 22,583Qt

632.32⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 22,583 + max [1,217.86,1,367.21]

= + 0.14 ⋅ 0.1333 ⋅ 46,886Ql

1,914.64⋅60.25
126

= + 0.14 ⋅ 0.1333 ⋅ 46,886Qt

1,312.81⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 46,886 + max [2,528.47,1,790.74]

= + 0.14 ⋅ 0.1333 ⋅ 21,494Ql

1,914.64⋅60.25
126

= + 0.14 ⋅ 0.1333 ⋅ 21,494Qt

601.83⋅60.25

48.313 ⋅ Sin(164  / 2)

Q = 21,494 + max [1,159.13,1,316.75]

= ⋅ ⋅G ⋅ ( ⋅ (Projected shell area) + ⋅ (Projected saddle area))Vwt Pw Kd Cf(shell) Cf(saddle)

= ⋅ ⋅G ⋅( + ⋅ (Projected saddle area))Vwe Pw Kd

⋅ π ⋅Cf(shell) R2
o

144
Cf(saddle)
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Results

Operating & New

Right Saddle

883.51 lbf

842.23 lbf

1,112.63 lbf

402.73 lbf

49,159.63 lbf

Left Saddle

606.89 lbf

842.23 lbf

764.27 lbf

402.73 lbf

23,347.27 lbf

Operating & Corr

Right Saddle

883.51 lbf

842.23 lbf

1,112.63 lbf

402.73 lbf

47,998.63 lbf

Left Saddle

606.89 lbf

842.23 lbf

764.27 lbf

402.73 lbf

22,258.27 lbf

291.56 lbf

277.94 lbf

=Qt

⋅Vwt Hs

⋅ Sin(θ  / 2)Ro

=Ql

⋅Vwe Hs

Ls

Q = W + max [ , ]Qt Ql

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 98.5558 + 2 ⋅ 0.6632)Vwt

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

883.51⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

842.23⋅60.25
126

Q = 48,047 + max [1,112.63,402.73]

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 66.9152 + 2 ⋅ 0.6632)Vwt

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

606.89⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

842.23⋅60.25
126

Q = 22,583 + max [764.27,402.73]

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 98.5558 + 2 ⋅ 0.6632)Vwt

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

883.51⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

842.23⋅60.25
126

Q = 46,886 + max [1,112.63,402.73]

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 66.9152 + 2 ⋅ 0.6632)Vwt

= 20.43 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

606.89⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

842.23⋅60.25
126

Q = 21,494 + max [764.27,402.73]

= 6.74 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 98.5558 + 2 ⋅ 0.6632)Vwt

= 6.74 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

6/10



Test

Right Saddle 367.17 lbf

132.9 lbf

48,487.17 lbf

Left Saddle

200.27 lbf

277.94 lbf

252.21 lbf

132.9 lbf

22,762.21 lbf

Longitudinal stress between saddles (Weight, Operating & Corr, left saddle loading and geometry govern)

Maximum tensile stress S1t = S1 + Sp = 949 psi
Maximum compressive stress (shut down) S1c = S1 = 486 psi

Tensile stress is acceptable 

Compressive stress is acceptable 

Longitudinal stress at the right saddle (Weight, Operating & Corr)

Bending moment at the right saddle:

Maximum tensile stress S2t = S2 + Sp = 1,026 psi
Maximum compressive stress (shut down) S2c = S2 = 563 psi

=Qt

291.56⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

277.94⋅60.25
126

Q = 48,120 + max [367.17,132.9]

= 6.74 ⋅ 0.95 ⋅ 0.85 ⋅ (0.53 ⋅ 66.9152 + 2 ⋅ 0.6632)Vwt

= 6.74 ⋅ 0.95 ⋅ 0.85 ⋅ ( + 2 ⋅ 12.7984)Vwe

0.5 ⋅ π ⋅ 48.313 2

144

=Qt

200.27⋅60.25

48.313 ⋅ Sin(164  / 2)

=Ql

277.94⋅60.25
126

Q = 22,510 + max [252.21,132.9]

= ± = = 486  psiS1
3 ⋅ ⋅Q ⋅ (L  / 12)K1

π ⋅ ⋅ tR2

3 ⋅ 0.5947 ⋅ 21,494 ⋅ (208.75  / 12)

π ⋅ ⋅ 0.18848.219 2

= = = 464  psiSp

P ⋅R
2 ⋅ t

3.62⋅48.125
2 ⋅ 0.188

( ≤ S ⋅E = 17,000  psi)

( ≤ = 6,399  psi)Sc

= +L + = + 208.75 + = 241.0853  inLe

2 ⋅Hl

3
2 ⋅Hr

3
2 ⋅ 24.313

3
2 ⋅ 24.19

3

w = = = 283.63 /in
Wt

Le

68,380
241.0853

 lbf

= w ⋅ ( + − )Mq

2 ⋅ ⋅Hr Ar

3
A2

r

2
−R2 H 2

r

4

= 283.63 ⋅ ( + − )2 ⋅ 24.19 ⋅ 65
3

65 2

2
−48.313 2 24.19 2

4

= 772,473.2 -in lbf

= ± = = 563  psiS2
⋅ 'Mq K1

π ⋅ ⋅ tR2

772,473.2 ⋅ 1

π ⋅ ⋅ 0.18848.219 2

= = = 464  psiSp

P ⋅R
2 ⋅ t

3.62⋅48.125
2 ⋅ 0.188
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Tensile stress is acceptable 

Compressive stress is acceptable 

Tangential shear stress in the shell (right saddle, Seismic, Operating & Corr)

912

Tangential shear stress is acceptable ( )

Saddle splitting load (right, Seismic, Operating & New)

Area resisting splitting force = Web area + wear plate area

 = 11.6475 in2

1,246

Stress in saddle is acceptable 

Stiffener ring calculations, stress in shell (Seismic, Operating & Corr, right)

Ring moment of inertia: Ir = 3.8 in4

Ring cross sectional area: A = 2.25 in2

Combined shell/ring inertia: I = 7.28 in4

NA distance to shell extreme fiber: C1 = 1.7782 in

NA distance to ring extreme fiber: C2 = 2.9098 in

Hoop stress in shell: Sc = 927 psi

10,667

Local stress in the shell is acceptable ( )

Stiffener ring calculations, stress in ring (Seismic, Operating & Corr, right)

-27,550

Stress in the ring is acceptable ( )

Shear stress in anchor bolting, one end slotted

Maximum seismic or wind base shear

Thermal expansion base shear  = 48,967*0.45

Corroded root area for a 1.125" series 8 threaded bolt  ( 4 per saddle )

( ≤ S = 20,000  psi)

( ≤ = 6,399  psi)Sc

= Q −w ⋅ ( + ) = 49,414.47 − 288.93 ⋅ (65 + ) = 25,974.66Qshear Ar

2 ⋅Hr

3
2 ⋅ 24.19

3
 lbf

= = =S3
⋅K2.1 Qshear

R ⋅ t
0.3183⋅25,974.66

48.219⋅0.188
 psi

≤ 0.8 ⋅S = 16,000  psi

= ⋅ + ⋅ = 11.124 ⋅ 0.625 + 0.313 ⋅ 15Ae Heff ts tp Wp

= = =S6
⋅QK8

Ae

0.2865⋅50,638.08
11.6475

 psi

( ≤ ⋅ = 13,333  psi)2
3

Ss

= − + +S7
⋅QK7

A

⋅Q ⋅R ⋅K6 C1

I
Sc

= − + + 927
0.2791⋅49,414.47

3.1314
0.0243 ⋅ 49,414.47 ⋅ 48.219 ⋅ 1.7782

7.2791

=  psi

≤ 1.5 ⋅S = 30,000  psi

= − −S7
⋅QK7

A

⋅Q ⋅R ⋅K6 C2

I

= − −
0.2791⋅49,414.47

3.1314
0.0243 ⋅ 49,414.47 ⋅ 48.219 ⋅ 2.9098

7.2791

=  psi

≤ 1.5 ⋅ = 30,000  psiSr

= 1,977.64  lbf

= W ⋅ μ = 22,035.15  lbf

= 0.728  in2
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Bolt shear stress = 

Anchor bolt stress is acceptable ( ≤ 15,000 psi)

Shear stress in anchor bolting, transverse

Maximum seismic or wind base shear

Corroded root area for a 1.125" series 8 threaded bolt  ( 4 per saddle )

Bolt shear stress = 

Anchor bolt stress is acceptable ( ≤ 15,000 psi)

Web plate buckling check (Escoe pg 251)

Allowable compressive stress Sc = min(20,000 , 30,511) = 20,000 psi

Allowable compressive load on the saddle

Saddle loading of 51,558.08 lbf is ≤ Fb; satisfactory.

Primary bending + axial stress in the saddle due to end loads (assumes one saddle slotted)

The primary bending + axial stress in the saddle ≤ Ss = 20,000 psi; satisfactory.

Secondary bending + axial stress in the saddle due to end loads (includes thermal expansion, assumes one saddle slotted)

The secondary bending + axial stress in the saddle ≤ 2*Sy = 60,000 psi; satisfactory.

Saddle base plate thickness check (Roark sixth edition, Table 26, case 7a)

where 

The base plate thickness of 0.5 in is adequate.

Foundation bearing check

Concrete bearing stress ≤ 1,658 psi ; satisfactory.

Slotted hole length (Process Industry Practices VEFV1100)

= 7,567  psi
22,035.15

0.728 ⋅ 1 ⋅ 4

= 1,977.64  lbf

= 0.728  in2

= 340  psi
1,977.64

0.728 ⋅ 2 ⋅ 4

= = = 30,511  psiSc

⋅ ⋅EK i π2

12 ⋅ (1 − ) ⋅0.3 2 ( )di

ts

2

1.28 ⋅ ⋅ 29E+06π2

12 ⋅ (1 − ) ⋅0.3 2 ( )20.725
0.625

2

= = = 0.6492be
⋅di ts

( ⋅ ) + 2 ⋅ ⋅ (b − 1)di ts tw

20.725⋅0.625

(20.725 ⋅ 0.625) + 2 ⋅ 0.5 ⋅ (8 − 1)

= n ⋅ ( + 2 ⋅ ⋅ ) ⋅ = 5 ⋅ (3.6875 + 2 ⋅ 0.6492 ⋅ 0.625) ⋅ 20,000 = 449,897.22Fb As be ts Sc  lb f

= + = + = 2,624  psiσb

V ⋅ ( − ) ⋅ yHs xo

I

Q

A

1,977.64 ⋅ (60.25 − 33.4292) ⋅ 4

107.3
50,638.08

78.241

= + = + = 24,656  psiσb

V ⋅ ( − ) ⋅ yHs xo

I

Q

A

24,012.79 ⋅ (60.25 − 33.4292) ⋅ 4

107.3
50,638.08

78.241

a = 20.725,b = 5.6875  in

= = = 0.4058  intb
⋅ q ⋅β1 b2

1.5 ⋅Sa

− −−−−−−−

√ 3 ⋅ 51 ⋅ 5.6875 2

1.5⋅20,000

− −−−−−−−−−−−

√

= = = 51  psiSf

Qmax

F ⋅E
51,558.08
12 ⋅ 84.4

= max [| − |,| −M DMT |] = max [|70 − 150|,|70 − 0|] = FΔt Tamb Ts Tamb 80 ∘
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Actual slot length is greater than or equal to the minimum (1.5" ≥ 0.1774"); satisfactory.

= 2 ⋅ ⋅α ⋅ = 2 ⋅ 126 ⋅ 8.8E-06 ⋅ 80 = 0.1774"SL Ls Δt
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3.0 Material Test Reports 

  

























































































































4.0 Tate NDE Reports 



Quality Control Inspection Record 
Visual Examination 

255 Happy Lane Roebuck, S.C. 29376  (864) 576-3540  www.tatemetalworks.com 

Page 1 of 1

Customer Name: Westrock Seminole Project Name: Paper Machine Bulk Oil Storage Tank

Project Location: Jacksonville, Fl Equipment Number: 303-150-00914

TMI Job Number: 24-018-01

Type of Surface:  Base Metal Machined Weld Metal  Other: 
Condition of Surface:   Satisfactory       Method: Direct Remote

TMI Inspection Procedure: VT-2

Qty Item 

M
a

te
ri

a
l

A
cc

ep
t

Comments Technician Date 

020-1 to 007-1 inside 304/304L  Satisfactory LW 9/9/2024 

020-1 to 007-1 outside 304/304L  Satisfactory LW 9/9/2024 

007-1 inside 304/304L  Satisfactory LW 9/9/2024 

007-1 outside 304/304L  Satisfactory LW 9/9/2024 

007-1 to 007-2 inside 304/304L  Satisfactory LW 9/9/2024 

007-1 to 007-2 outside 304/304L  Satisfactory LW 9/9/2024 

007-2 inside 304/304L  Satisfactory LW 9/9/2024 

007-2 outside 304/304L  Satisfactory LW 9/9/2024 

007-2 to 007-3 inside 304/304L  Satisfactory LW 9/9/2024 

007-2 to 007-3 outside 304/304L  Satisfactory LW 9/9/2024 

007-3 inside 304/304L  Satisfactory LW 9/9/2024 

007-3 outside 304/304L  Satisfactory LW 9/9/2024 

007-3 to 007-4 inside 304/304L  Satisfactory LW 9/9/2024 

007-3 to 007-4 outside 304/304L  Satisfactory LW 9/9/2024 

007-4 inside 304/304L  Satisfactory LW 9/9/2024 

007-4 outside 304/304L  Satisfactory LW 9/9/2024 

007-4 to 007-5 inside 304/304L  Satisfactory LW 9/9/2024 

007-4 to 007-5 outside 304/304L  Satisfactory LW 9/9/2024 

007-5 inside 304/304L  Satisfactory LW 9/9/2024 

007-5 outside 304/304L  Satisfactory LW 9/9/2024 

007-5 to 030-1 inside 304/304L  Satisfactory LW 9/9/2024 

007-5 to 030-1 outside 304/304L  Satisfactory LW 9/9/2024 

4 Lifting Lugs 304/304L  Satisfactory LW 9/12/2024 

3 Saddles 304/304L  Satisfactory LW 9/12/2024 

Remarks:

 Signature:                                                                        Date:           9/12/2024 



Quality Control Inspection Record 
Radiography 

255 Happy Lane Roebuck, S.C. 29376  (864) 576-3540  www.tatemetalworks.com 

Page 1 of 1

Customer Name: Westrock Seminole Project Name: Paper Machine Bulk Oil Storage Tank

Project Location: Jacksonville, Fl Equipment Number: 303-150-00914

TMI Job Number: 24-018-01

X-Ray Coversheet  

Repair Tracer 1 Tracer 2 

X-ray Welder 

A
cc

ep
t

R
ej

ec
t

A
cc

ep
t

R
ej

ec
t

A
cc

ep
t

R
ej

ec
t

A
cc

ep
t

R
ej

ec
t

Technician Date 

1 #30  Andrew Martin 8/26/2024 

2 #30  Andrew Martin 8/26/2024 

3 #30  Andrew Martin 8/26/2024 

4 #30  Andrew Martin 8/26/2024 

5 #3  Andrew Martin 8/26/2024 

6 #3  Andrew Martin 8/26/2024 

Remarks:  

 Signature:                                                                               Date:       8/26/2024 



      APPLIED TECHNICAL SERVICES 
       

This report may not be reproduced except in full without the written approval of ATS.  If the method used is a customer  
provided, non-standard test method, ATS does not assume responsibility for validation of the method. 

 
ATS120, 03/2021 

1049 Triad Court, Marietta, Georgia 30062 • (770) 423-1400 Fax (770) 514-3299 • www.atslab.com • FAA#HC4R227M 
 

RADIOGRAPHIC INSPECTION REPORT 
Job #  P432040       PO #  24018-00013      WO #  N/A       Date  8/26/24       Page  1  of  1 

 

CLIENT: Tate Metal Works  PART NO.: See Below 
LOCATION: 255 Happy Ln   PART NAME: See Below 
 Roebuck, SC 29376  MATERIAL: S/S 
        THICKNESS: Various 
        TYPE WELD: Full Pen. 
 

RADIOGRAPHIC INSPECTION TECHNIQUE SETUP   
Specification(s) ATS 120.1 Rev. 32 Acceptance Criteria ASME Section VIII Div. 1  

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

  

Isotope Ir-192 Film Mfg/Type  FujiFilm 80 
Curies 50.4 Film Size 4.5" x 10" 
KV N/A Sensitivity ASTM E747 (7 Wire) 
MA N/A Image Quality Indicator ATSM B Pack S/S 
Time 55 Seconds Shim(s) N/A 

SFD 19.02" Develop:  Temp: 77 Time: 2.75 
Minutes 

SOD 18.5" Screen(s) Front + Back (0.010)  
OFD 0.520" Films Per Cassette  1 
Source Size (Focal) 0.177" Weld Reinforcement Thickness Front(0.120")  
Geometric Unsharpness 0.004 Welding Process  SAW 
    

INTERPRETATION 
 (Acceptable indications are marked with a and rejected indications are marked with an “x”.) 

PART I.D./          
FILM VIEW 
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DENSITY 

REMARKS 

Im
ag

e Q
ua

lit
y 

In
di

ca
to

r  
IQ

I 

Ar
ea

 o
f I

nt
er

es
t 

18-1XR1                                       
View 0-1 √                     2.5 2.5       
                                            

18-1XR2                                       
View 0-1 √                     2.3 2.3       
                                            

18-1XR3                                       
View 0-1  √                     2.6 2.5 Artifact  
                                            

18-1XR4                                       
View 0-1  √                     2.5 2.5       
                                            

18-1XR5                                       
View 0-1 √                     2.4 2.4       
                                            

18-1XR6                                       
View 0-1 √                     2.5 2.5       
                                            
                                            
                                            
                                            
                                            

   

RADIOGRAPHER(S):  Level II  R.T. DATE:  
   

INTERPRETER:  Level II  R.T. DATE:  
   

CLIENT APPROVAL:   
 

Andrew Martin
Andrew Martin

8/26/2024

8/26/2024



Quality Control lnspection Record

Hydro Test

Customer Name:

Project Location:

Westrock Seminole Project Name:

Equipment Number:

TMlJob Number:

Paper Machine Bulk Oil Storage Ta!k._-

303-150-00914

24-018-01"

Jacksonville FI

E
ME,,ALWORKS, lNC.

f ateE

255 Happy Lane Roebuck, S.C. 29376. (86a) 576-3540 . www.tatemetalworks.com

Item
Time of

Completion
Gouge Reoding Dote Signoture

Vessel completely filled with
water /:3of tvt n/a 4-u.u L- ht^tl

Vessel verified to be leak free 3)3o Prtt nla 1'12-'l,l L. til"*,L

Remarks

Signature /LJ Date:

Date: Q-n-x/Witne

Page 1 of 1
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Quality Control Inspection Record 
Visual Examination 

255 Happy Lane Roebuck, S.C. 29376  (864) 576-3540  www.tatemetalworks.com 

Page 1 of 1

Customer Name: Westrock Seminole Project Name: Paper Machine Bulk Oil Storage Tank

Project Location: Jacksonville, Fl Equipment Number: 303-150-00914

TMI Job Number: 24-018-01

Type of Surface:  Base Metal Machined Weld Metal  Other: 
Condition of Surface:   Satisfactory       Method: Direct Remote

TMI Inspection Procedure: VT-2

Qty Item 

M
a

te
ri

a
l

A
cc

ep
t

Comments Technician Date 

020-1 to 007-1 inside 304/304L  Satisfactory LW 9/9/2024 

020-1 to 007-1 outside 304/304L  Satisfactory LW 9/9/2024 

007-1 inside 304/304L  Satisfactory LW 9/9/2024 

007-1 outside 304/304L  Satisfactory LW 9/9/2024 

007-1 to 007-2 inside 304/304L  Satisfactory LW 9/9/2024 

007-1 to 007-2 outside 304/304L  Satisfactory LW 9/9/2024 

007-2 inside 304/304L  Satisfactory LW 9/9/2024 

007-2 outside 304/304L  Satisfactory LW 9/9/2024 

007-2 to 007-3 inside 304/304L  Satisfactory LW 9/9/2024 

007-2 to 007-3 outside 304/304L  Satisfactory LW 9/9/2024 

007-3 inside 304/304L  Satisfactory LW 9/9/2024 

007-3 outside 304/304L  Satisfactory LW 9/9/2024 

007-3 to 007-4 inside 304/304L  Satisfactory LW 9/9/2024 

007-3 to 007-4 outside 304/304L  Satisfactory LW 9/9/2024 

007-4 inside 304/304L  Satisfactory LW 9/9/2024 

007-4 outside 304/304L  Satisfactory LW 9/9/2024 

007-4 to 007-5 inside 304/304L  Satisfactory LW 9/9/2024 

007-4 to 007-5 outside 304/304L  Satisfactory LW 9/9/2024 

007-5 inside 304/304L  Satisfactory LW 9/9/2024 

007-5 outside 304/304L  Satisfactory LW 9/9/2024 

007-5 to 030-1 inside 304/304L  Satisfactory LW 9/9/2024 

007-5 to 030-1 outside 304/304L  Satisfactory LW 9/9/2024 

4 Lifting Lugs 304/304L  Satisfactory LW 9/12/2024 

3 Saddles 304/304L  Satisfactory LW 9/12/2024 

Remarks:

 Signature:                                                                        Date:           9/12/2024 



Quality Control Inspection Record 
Radiography 

255 Happy Lane Roebuck, S.C. 29376  (864) 576-3540  www.tatemetalworks.com 

Page 1 of 1

Customer Name: Westrock Seminole Project Name: Paper Machine Bulk Oil Storage Tank

Project Location: Jacksonville, Fl Equipment Number: 303-150-00914

TMI Job Number: 24-018-01

X-Ray Coversheet  

Repair Tracer 1 Tracer 2 

X-ray Welder 
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A
cc
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t
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t

A
cc
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t
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A
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t

Technician Date 

1 #30  Andrew Martin 8/26/2024 

2 #30  Andrew Martin 8/26/2024 

3 #30  Andrew Martin 8/26/2024 

4 #30  Andrew Martin 8/26/2024 

5 #3  Andrew Martin 8/26/2024 

6 #3  Andrew Martin 8/26/2024 

Remarks:  

 Signature:                                                                               Date:       8/26/2024 



      APPLIED TECHNICAL SERVICES 
       

This report may not be reproduced except in full without the written approval of ATS.  If the method used is a customer  
provided, non-standard test method, ATS does not assume responsibility for validation of the method. 

 
ATS120, 03/2021 

1049 Triad Court, Marietta, Georgia 30062 • (770) 423-1400 Fax (770) 514-3299 • www.atslab.com • FAA#HC4R227M 
 

RADIOGRAPHIC INSPECTION REPORT 
Job #  P432040       PO #  24018-00013      WO #  N/A       Date  8/26/24       Page  1  of  1 

 

CLIENT: Tate Metal Works  PART NO.: See Below 
LOCATION: 255 Happy Ln   PART NAME: See Below 
 Roebuck, SC 29376  MATERIAL: S/S 
        THICKNESS: Various 
        TYPE WELD: Full Pen. 
 

RADIOGRAPHIC INSPECTION TECHNIQUE SETUP   
Specification(s) ATS 120.1 Rev. 32 Acceptance Criteria ASME Section VIII Div. 1  

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

  

Isotope Ir-192 Film Mfg/Type  FujiFilm 80 
Curies 50.4 Film Size 4.5" x 10" 
KV N/A Sensitivity ASTM E747 (7 Wire) 
MA N/A Image Quality Indicator ATSM B Pack S/S 
Time 55 Seconds Shim(s) N/A 

SFD 19.02" Develop:  Temp: 77 Time: 2.75 
Minutes 

SOD 18.5" Screen(s) Front + Back (0.010)  
OFD 0.520" Films Per Cassette  1 
Source Size (Focal) 0.177" Weld Reinforcement Thickness Front(0.120")  
Geometric Unsharpness 0.004 Welding Process  SAW 
    

INTERPRETATION 
 (Acceptable indications are marked with a and rejected indications are marked with an “x”.) 

PART I.D./          
FILM VIEW 
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DENSITY 

REMARKS 

Im
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ca
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18-1XR1                                       
View 0-1 √                     2.5 2.5       
                                            

18-1XR2                                       
View 0-1 √                     2.3 2.3       
                                            

18-1XR3                                       
View 0-1  √                     2.6 2.5 Artifact  
                                            

18-1XR4                                       
View 0-1  √                     2.5 2.5       
                                            

18-1XR5                                       
View 0-1 √                     2.4 2.4       
                                            

18-1XR6                                       
View 0-1 √                     2.5 2.5       
                                            
                                            
                                            
                                            
                                            

   

RADIOGRAPHER(S):  Level II  R.T. DATE:  
   

INTERPRETER:  Level II  R.T. DATE:  
   

CLIENT APPROVAL:   
 

Andrew Martin
Andrew Martin

8/26/2024

8/26/2024



Quality Control lnspection Record

Hydro Test

Customer Name:

Project Location:

Westrock Seminole Project Name:

Equipment Number:

TMlJob Number:

Paper Machine Bulk Oil Storage Ta!k._-

303-150-00914

24-018-01"

Jacksonville FI

E
ME,,ALWORKS, lNC.

f ateE

255 Happy Lane Roebuck, S.C. 29376. (86a) 576-3540 . www.tatemetalworks.com

Item
Time of

Completion
Gouge Reoding Dote Signoture

Vessel completely filled with
water /:3of tvt n/a 4-u.u L- ht^tl

Vessel verified to be leak free 3)3o Prtt nla 1'12-'l,l L. til"*,L

Remarks

Signature /LJ Date:

Date: Q-n-x/Witne

Page 1 of 1
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