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Fig. 1 Components and contrals for a screw.driven tension festing machine
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Fig. 1 Engineering stress-strain curve
Intersection of the doshed line with the curve determines the offset yield strength. See also Fig. 2 and
corresponding text.
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Fig. 6 Comparison of engineering
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Elongation, % = — -

e =

3
Lo
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s =—
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The tensile strength, or ultimate tensile
strength, s, is the maximum load divided by
the original cross-sectional area of the
specimen:

Pmax

Su =T (Eq 3)
Ag

P~ o (S (o)

SOb las ol

Fig. 2 Typical tension
stress-strain curve for ductile
metal indicating yielding
criteria

Point A, elastic limit; point A', proportional limit;
point B, yield strength; line C-B, offset yield
strength; O, intersection of the stress-strain curve
with the strain axis
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Sections Topic. .=
1 Rules for Construction of Power Boiler
Material

Part A - Ferrous Material Specification

Part B- Nonferrous Material Specification

Part C - Specifications for Welding Rods, Electrodes and Fillet
Materials

Part D - Properties

Subsection NCA - General Requirements for Division1 and

w Division2

Division 1

bsection NB - Class 1 C

NC - Class 2 C:

Subsection ND - Class 3 Components . . . .
m Subsect%on NE - Class MC Components ° ) ' b” b;d‘ M 6 & &70
Subsection NF - Supports .
Subsection NG - Core Support Structures
Subsection NH - Class 1 Components in Elevated Temperature
Service
Appendices

ASME

Division 2 - Code for Concerete Reactor Vessels and

u Containments
Division 3 - Containment Systems for Storage and Transport
I Packagings of Spent Nuclear Fuel and High Eevel Radioactive
aterial and Waste
v Rules for Construction of Heating Boilers
\4 ondestructive Examination .
Vi Recommended Rules for the Care and Operation of Heating
Boiler
Vil Recommended Guidelines for the Care or Power Boiler
Rules for Construction of. Pressure Vessels
Division 1
Vi Division 2 - Alternative Rules
Division 3 - Alternative Rules for Construction of High Presure
Vessels
1X Welding and Brazing Qualifications
X Fiber-Reinforced Plastic Pressure Vessels
X1 Rules for Inservice Inspection of Nonclear Power Plant 438
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Full hica qaskat, APPX. 15, 2.4 |

Spharically dlshed covers, APPX. 1.8, Fig, 1-6

\——m Flal faca Tange, Appandix Y

== Waided connection, UW-15, UW-15, Fig. UW-16.1

- Dpening, UB-36 1o UG-42, APPX. 1.7, APPX. L7

Waided connaction, UW-15, UW-16, Fig. UW-15.1

Reinforcament pad. UG-37, UG-40, UG-41, UG-82. UW-15, APPY. L7

Codt Trminetion of Yorr, U-1(n)

Lap Jt §tub g, UG-11, UB-44, UG-45

Lovse type fangs, UG-44, APPX. 2, Fig. 24

Ellserdal head, Pragsutes, Int, UB-32, Ext, UG-33
APFX.

e Wultipla openings, UG-42
-4 APPY. L6 e X R
-5, UG- -82, APPY.

Hoad bt U632 g, UW-A2.1, UW-12 .“a Nen pressura parts, U6-5, UG-22, UG-55, UG-82, APPX. §

I e Homispharical head,
Opbanal tyoe Manges, UG-14, UG-44, UW-13 - _i.‘_ - Prassures, Int. UG-32, APPX_1-3, 14 Ext UG-33, APPX. L6
Fig. UW-12.2, 4PPX 2 4 2
g 14, WL 5, i Q; Unequal thicknass, UW-9

\1 Fig. UW-9, UW-13, Flg. UW-13.1
Kot & washers UG-13, UCS-11, UNF-13, UKA-13 % Shall (hicknass, UG-15,
Studt & Bofts. UG-12, UCS-10, - Pressures lat. UG-27 Exl, UG-28
UAF12. UHA-12 APPX. 148,12 APPX L3
APPX. Lt _tn L5

4 [ — Slitfuning rings, VG-29, UG-30, APPX. LS

Annied Inince Pt NP1 (160K ADPY B ———-L‘

— Walded connaction IIW.15 lIW.1A Fin [Iw.1R 1
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Applied Emings, Part UCL, UG-28, APFX. F

Intagrafly ciad plate, Part UCL, APPX. F

Corresion, UE-25, UCS-23. MF-13, UCL-29, APPX, E—*-'—*%]

4
Stteow slle, UG5, UG-22, UGS, U682 — /|

Suppert logs, UG-5, UG-54, UG-82, APPX. @ H

LengRudinal joints, UW-33. UW-3. UW-35, UW-3

Tek ke holas, UG-25. UCL-25

Attachment of jacket, Fig. -5

Jacheted westais, UG-28. UB-47(c), APPX. 9

—
:"

APPE. 143, 1.7 APFL. L3
APPX, L-t to L5

Stiftening ringe, UG-29, U-30, APPK. LS

Walded connection, UW-15, UW-16, Fig. UW-16.1

Fat . UG-34, Fig. UG-34. UW-13, UG-33(4)(3)
Flg's. UW-12.2 & UW-133

Openings, Flat heads, UG-39, 14-20

— Backing strip, Table UW-12, UW-35
Clrcumterantial joints, UW-3, UW-33, UW-3S

Ak Fla1 head, UG-34, Fig. UG-34, UG-39
FlFL. 5, 3ﬁ_] Tube sheet. AFPX. A, APPX. AA. TEMA acceptable. U2 (g)

Plug weids, UW-17, UW-37

Bars & tiryctursl shapet used for slays, UG-14

UW-19, Fig. UW-19.2, Slaysd surtices, UG-4T

S/f/ — Tubes, UG-3. Pressure. UG-31

-~ Pats Partitien, UG-5

Slay boft1 UG-14. UG-271. UG-4T

£} — Chaanel Section, Casting UG-24

18 UG-50, UW-19. Fig. UW-19.1

112 Apax angh, UG-32

Suppoct skirl, UG5, UG-22, UG-54, APPX. § ———— :E

SOb las ol

part UC3. UHA, Cast itan, UCI.
Farging, part UF, Wekisd const. UW
Cast Ductile Iran UCO.

Intagrai type flange, UG-44, APPX. 2
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Attachment of jaciat, Fig. 35

Prug weids, UW-17, UW.37

-—
‘..'

Flat h UG-34. Fig. UG-34, UG-39
Tube sheet, APPX, &, APPX, AA, TEMA acceplable. U2 (g)

L

Bars & siructural shapes uzad for stays, UG-14 /|

UW-19, Fig, UW-13.2, Stayed surtaces, UG-47

——— Tubes, UG-8, Pressurs. UG-31

Stay boftz UG-14, UG-271, UGT

= ~ Pac: Partition, UG-5
i f
| — Channsl Section, Casting UG-24

16 UG-50. UW-19. Fig. UW-19.1

172 Aper anghe, UG-22

Suppoct skirl, UG5, UG-
Toriconical hesd

Prossunss Int, UG-32  Exh, UG-33
UG-35 APPX. L6, 1-8
Flg. UG-36

Studded connections, UG-41

UW-16. Fig. UW-16.1, UW-15
ptienal typs flangs. UG-14, UG-44, UW-13,
Flg. UW-12.2, APPX. 2. Fig. 2:4, APPX. §
Bortad fangs, Spharical covar, APPX. 1-6 g

Manhola cover plate, UG-11. UG-4§

g N

T Head altachmant, UW-13, Fig. UW-13.1

?.T:;(glé part UGS, UA, Cast iron, UCH
P 1|5 G Forging. part UF. Welded const. UW.
i) Cast Ductile iron UCO.
Intagral typa fange, UG-44, APPE. 2
Fig. 24, APPX. §
Reinlorcement pad, UG-22, UG-37, UG-40, UG-41, UG-82, UW-15.
Compression ring, APPX. 1-5, 18 APPX. L7, APPX. 17
1/2 Apax angle UG-32
Conlcal hoads, Prossures, Ext. UG-33, APPX. 16

imt U6-32, UG-6, Fig. UG-36, APPX. 1.4, 1.5
Small walded Itings, UG-11, UG-43, UW-1S, UW-16
Fig. UW-16.1, Flg. UW-35.2

Threaded openings. UG-43 {v)

Fithet wolds, UW-18, UW-36, Tabls UW-12
—— Knuckls radius, UG-32, UCS-T9

Flusd eganings, UG-38, Fg. UG-38
Yoks, UG-11
Stds, Nuts, Washers, UG-12, UG-13,
UES-10, UCS-11, UNF-12, UNF-13
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Torispherical Head,
Prassures, Int. UG-32
APPX, 54

€xt, UB-33
APPX. L6
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GENERAL NOTES

HEAT TREATMENT UG 85 UW-10, UW-40, UF-31,
UCS-56. TABLE UES-56. UCS-79(d)
UCS 85, UNF-95, UHA-32. UMA-105, UCL-34
INSPECTION UG 90 THRU UG-97, U-1 ()
INSPECTION OPENINGS UG 46
JOINT EFFICIENCY UW-12, & TABLE UW-12
LETHAL SERYICE UW-2ta), UCD 2, & UCI-2
LOADINGS UG-22
LOW TEMPERATURE UG-84, UW-2{b), NF-6.
UCS-65, UCS-66, UCS67,
URE-65. UCL-27, & PART ULT
MATERIALS UG-4 THAY UG-15, LG-18, UG-77.
UCL-11 & uw5
TABLES NF-1 THRU NF-§

PRESSURE, DESIGK UG-19, & UG-21
MAX, ALLOWABLE WORKING UG-98
TEMPERATURE, DESIGN UG-19, UG-20
PRESSURE VESSELS SUBJECT 10
DIRECT FIRING UW-2(d). U-1{h)
RADIOGRAPHIC EXAM UW-11, UW-51,
UCS57, UNF-5T_ UHA-33, & UCL-35
SPOT EXAM OF WELDED JOINT UW-52
NO RADIOGRAPH UW-11(c)
RELIEF DEVICES UG-125 THROUGH UG- 136, APPX 11
REPAIRS UG 78, UW-38, UW-40(6), UF-37, UCI 78
STRESS MAX. ALLOW., VALUE UG-23,
UW-12(c), UCS-23, UNF-23, UNA-23,
%)

TESTIHG
HYDROSTATIC UG-99. UCI-99, UCL-52, APPX 3
PNEUMATIC Uw-50 & UG-100
PROOF UG- 101
KOM-DESTRUCTIVE
MAG, PART. APPX 6, UW-42, UW-50

LI0.PENE. APPK 8. UNF-58, UHA-34, UW-42. UW-50

ULTRASONIC APPX 12, UV 11{3)(7). UW-53
IMPACT UG-84, UCS-G6, UHA 51 NF-6
STAMPING & REPORTS UG-115 THRY UG-120
STANDARDS U-3
UNFIRED STEAM BOILERS UW-2ic), U-1{g)
QUALITY CONTROL SYSTEM APPENDIX 10, UW-26

SOb las ol
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General Vessel Formulas

Stress Thickness, t Pressure, P Stress, §
Part Formula 1.D. 0.0. 0.0, 1.D. 0.0
Shell
Longitudinal o, = PPn PR; PR, 28Et 2SEt PR — 41 P(R, — 1.4
[1, Section UG-27(c)(2)] T 2SE + 4P 2SE + 1.4P R-.at R, - 1.4t 2Et 2Et
Gircumferential 4, = PPx PR PR, SEt SEt P(Ri+ .61) P(R, — .41
[1, Section UG-27(c)(1); oy SE- 6P SE+.4P R+ 6t Ro— .4t Et Et
Section 1-1(a)(1)]
Heads
Hemi-sphere oz o, = PPn PR, PR, * 2SEt 2SEt PR +.21) PR, - 8Y)
[1, Section 1-1(a)(2); TR 28E- 2P 2SE + 8P R+ 2t R, - 8t 26t 2Et
Section UG-27(d)}
Ellipsoidal See PROCEDURE PDK / PD,K 2SEt 2SEt See PROCEDURE 2-2
[1, Section 1-4(c)] 22 25E-2P |, 2SE+2PK-.1) KD + 2t KD, - 2K - .1)
21 SE. PD, PD, 28Et 2SEt
{1, Section UG-32d] & 2SE- 2P 2SE+1.8P D+ 2t D, - 1.8t -
100%-6% Torispherical 885PL; 885PL, SEt SEt
[1, Section UG-32(e)] " SE- P SE+.8P 8850, + 1t 8850, — .8t 2
Torispherical PLM o 2SEt 2SEt
L <16.66 i 28E- 2P 2SE+ PM-2) M+ 2t MM - 2) *
[1, Section 1-4(d)]
Cone
Longitudinal _ PRy PD; PD, 4SEtcos o 4SEtcos o P(Di= Btcosx)  P(D, — 2.8tcos )
= Bteos o Acos<(SE + 4P) 4c0so(SE+ 1.4P) D, — Btcose D, - 2.8tcos 4Etoos o 4Etcos o
Circumferential _ PRy PD; PD, 2SEtcos 2SEtcos P(D,+1.2tcosx)  P(D, ~ Btcos )
1, Section 1-4(e); %= Btcos o 2cos<(SE — .6P)  2c0s x(SE + .4P) D+ 1.2tcos D, — .8tcos o 2Etcos o 2Etcos o
)
Section UG-32(g)]
SOl laa ol 54
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JOINT EFFICIENCIES (ASME CODE) [3]

Miter
& ForS.E. or

® ® @ ? ® £ g b heads
W@( [@ @ /@ [/T-qum (Ty)

Eibow or
tee

®
Hemi-head
only
©
S.0. flange See Note 3
Category B—butt weld, Category C Joints
WA, flange Category D—butt
Category D—corner Joint
T, D =
Butt Fillet Groove

Figure C-1. Categories of welded joints in a pressure vessel.
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Values of Joint Efficiency, E, and Allowable Stress, S

Case 1 Case 2 Case 3 Case 4
Extent
of Seamless Seamless Seamless Welded Welded Seamless Welded Welded
Radiography Head Shell Head Shell Head Shell Head Shell
E S E S E S E S E S E S E S E S
Full (RT-1) 10 100% 10 100% 1.0 100% 10 100% 10 100% 10 100% 1.0 100% 1.0 100%
Spot (RT-3) 10 85% 10 85% 10 8% .85 100% .85 100% 1.0 8% .85 100% .85 100%
Partial 1.0 100% 10 100% 1.0 100% .85 100% 1.0 100% 1.0 100% 1.0  100% .85 100%
None 1.0 80% 10 80% 10 80% 7 100% 7 100% 1.0 80% 7 100% 7 100%
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Table C-2
Joint Efficiencies

X-Ray

Types of Joints Full Spot

None

Single and
double butt 1.0 .85 7
joints
Single butt
joint with back- 9 8 .65
ing strip

. &y
: W
s ¥
strip
Double full
4 fillet lap ~ ~ .55
joint
Single full
5 % fillet lap ~ ~ 5
Single full
6 a fillet lap ~ ~ 45
joint

Single butt
joint without backing ~ ~ 6

with plugs
Notes

1. In Table C-1 joint efficiencies and allowable stresses
for shells are for longitudinal seams only! All joints

are assumed as Type 1 only! Where partial radiogra-
phy is shown it is assumed that all requirements for
partial radiography have been met for head, and
shell is spot R.T.

- Partial radiography: Applies to vessels not fully radio-

graphed where the designer wishes to apply a joint
efficiency of 1.0 per ASME Code, Table UW-12,
Column 1, for only a specific part of a vessel. Any x-
rays that fulfill this requirement must be interpreted
per ASME Code, Section UW-51, kept for a mini-
mum of five years, and the locations of spots selected
by the authorized inspector.

Specifically for any part to meet the requirements of
partial R.T,, you must meet the following:

® (ASME Code, Section UW-11(5)): Fully X-ray any
Cat. A or D butt welds

® (ASME Code, Section UW-11(5)(b)): X-ray any T
Junctions and at least 6 in. of any Category B or C
butt welds attaching the part

® (ASME Code, Section UW-11(5)(a)): All butt joints
must be Type 1

- Any Category B or G butt weld in a nozzle or com-

municating chamber of a vessel or vessel part which
is to have a joint efficiency of 1.0 and exceeds either
10 in. nominal pipe size or 1% in. in wall thickness
shall be fully radiographed. See ASME Code, Sec-
tions UW-11(a)(4) and UW-11(a)(5)(b).

LS Cond Ol cale (Sl g ol

MATERIAL SELECTION GUIDE

From Bednar, H. H., Pressure Vessel Design Handbook, Van Nostrand Reinhold Co., 1981,

Design ) — ]
Temperature, °F Material Plate Pipe Forgings Fittings Bolting
SA240- SA312- SA-182- SA-403
£ | 7951 =321 | suiniess steel | 304, 304L, 347, | 304, 304L, 347, | 304, 304L, 347, | 304, 304L, 347, | SA320-B8
§ 316, 316L 316, 316L 316, 316L 316, 316L with SA-194-8
3
© ~320t0 -151 9 nickel SA-353 SA-333-8 SA-522-4 SA-420-WPL8
“T50t0 ~76 372 nickel 5A-203D
SA333-3 SAG50-LFE3 | SA-420-WPL3 shazoL7
-75to -51 212 nickel SA-203-A with SA-194-4
-5010 -21 SA-516-55, 60 to
SA20 SA-333-6
SAG50-LF2 | SA420-WPL6
3 _20104 SA516-All SA-333-1 or 6
H
- Carbon
51032 steel SA-285.C
SA53-8 SA-105
SA-518-All
3310 60 SASI5-All SA-106-8 SA-181-6070 | SA-234-WPB SA-193-B7
SA-455-11 with SA-194-2H
6110 775
776 to 875 C-12Mo SA-204-B SA-335-P1 SA-182-F1 SA-234-WP1
876 to 1000 1Cr-2Mo SA-387-12-1 SA-335-P12 SA-182-F12 SA—ZM-ﬁPTZ
114Cr-1zMo SA-387-11-2 SA-335-P11 . SA-182-F11 SA-234-WP11
1001 to 1100 21/sCr-1Mo SA-387-22-1 SA-335-P22 SA-182-F22 SA-234-WP22 with SA-Q‘?:;—Bs
SA-194-
Stainless steel SA-240-347H SA-312-347H SA-182-347H SA-403-347H
2 1101 to 1500 Incoloy SB-424 SB-423 SB-425 SB-366 SA-193-B8
£
k4 Above with SA-194-8
w 1500 Inconel SB-443 SB-444 SB-446 SB-366 58
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DESIGN DATA SHEET FOR VESSELS

Customer/Client

Customer Order No.

Shop Order No.

Design Drawing

Specifications

Vessel Name

Equipment/item Number

Design Code & Addenda

©fm(~ o) a|afw/r]«

Design Pressure & Temperature

Internal

External

3

Operating Pressure & Temperature

11_Vessel Diameter

&

Volume

@

Design Liquid Level

=

Contents & Specific Gravity

15 Service

H

MAWP (Corrosion at Design Temperature)

Limited by

3

MAP (N

18_Test pressures

Field

19 Heat treatment

20 Joint efficiencies

21_"Carrosion allowance

22_Flange ralings
3

psig at Ambient

MAWP:

psig at D1,

Hydro:

psig

23 Materials

24_Allowable Stress

Ambient

DT

2

25 Weights Fabricated

Gperating

Emply

Test

26_Nolesiremarks

[ ISP =
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SUMMARY OF REQUIREMENTS FOR 100% X-RAY AND
PWHT*

3 GRP. Temperature 100%
No. No. Material Description PWHT °F R
1 1 Garbon steel : SA-36, SA285C, SA515/-516 >15° 1100° >1.25°
Grades 55, 60, 65
2 Carbon steel : SA-515/-516 Grade 70, >15 1100° >1250
SA4551 or
3 1 Low alloy : C-12Mo(SA-204-8) > 625" 1100° > .75
2 Low alloy : 2Cr-teMo (SA-367-2:2) > 6257 1100° > .75
3 Low alloy : Mn-Mo (SA-302-8) Al 1100° > .75
4 1 Low alloy : 1Cr-1kMo (SA-387-12-2) ) 1100° > 625"
1Cr-eMo (SA387-11-2)
5 1 Low alloy : 2W4Cr-1Mo ($A-387-22-2) Al 1250° Al
3Cr-1Mo (SA-387-21-2)
2 Low alloy : 5.7,9Cr-¥zMo Al 1250° Al
6 1 13Cr (410) Martensitic SST @ 1250° @
7 1 13Cr (405,4108) Martensitic SST @ 1350° @
2 17Cr (430) Feritic SST Al 1350° @
8 1 (304,316,321,347) Austenitic SST - 1950° >15°
2 (309,310) Austenitic SST - 1950° >15°
oA 1 Low alloy : 2V2Ni (SA203-A.8) > 625" 1100° > 625
B 1 Low alloy : 3¥2Ni (SA-203-D,E) > 625" 1100° >.625
4 - Nickel 200 - - »87
42 - Monel 400 - - 515
43 - Inconel 600, 625 - - > 3757
4 - Incoloy 800, 825 - - > 375"
~ Por ASME Code, Section VIl, Div. 1 for commanly used materials
otes:
1. Soo ASME Code, Section VI, Div. 1, Table UCS-56, for concessianslestrictions.
2. PWHT nick . Ses

ASME Code, Section Vill, Div. 1, Table UHA-32, and paragraphs UHA 32 and 33 for concessions/restrictions.

3. Radiography shall be performed after

PWHT when required. 100% R.T. Is required for all

testing for low temperatura service shall be PWHT (ASME Cods, UCS-67(c)).
4. Radiography applies to category A and B, typa 1 or 2 oints only. Thicknesses refer to thinner of two materials being joined.

RT cuws
PWHT Oldes
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