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The Brockton, Massachusetts, shoe factary.

i
Shoe factory after the boiler explosion of March 20, 1905, which led to the ad
of many state boiler codes and the ASME Boiler ond Pressure Vessel Code, (Hartford
I Boiler Inspection & Insurance Company.)
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The drying cylinder that exploded when an almaost fool-proof safety
device failed. (The Locomotive, Hartford Steam Boiler Inspection ond Insur-

ance Company.)

Door of cylinder. (The Locomotive, Hartford Steam I

Boiler Inspection and Insurance Company.)
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7 Skirtiength Botts Fiat heads

3 Par UG-32m — Par.UG-12  Por, UG-34

3 \ / l—h Dapth of head
5 Flllet welds 1 |ﬁ|4

Cand

ASME Section VI polul pjlus

Par, UW-18 ond 386

Knuckla thickness
Toriconical head

Par, UG-32h ond UA-4d

Inspection opening
Par. UG- 46

Conical haad ™
Par, UG-32

Minus heod
Dressyre an
convex side
Par. UG-33

Threaded

connections
Por. UG-43,
Tablae UG-43

Ellipsoidal head =
Par. UG-32d

Flanga types 1]

Fig.UA-48 &i

TT
| T,rr\ and UA-280

Reinforced openings
ParUG-37 UA-T

brh\wnn uG-29

Stiffeningring

Raference chart for >m>;.m Pressure Vessal Code, Saction VI, Division 1,

[

Bolted heads
Par, UG-35 and UA-6
Fig. UA-6

=N

Casting
Par, UG-8 and UG-24

Stayed surfoce
Par, UG- 47
Par. UW-19
Fig./UW-19

Teiltola hola ‘ .
Par. UW-15 : Alignment Tapered plate
20 zla thickness foterance edges
—+ |e_Head attoch- por UG-45 Par.UW-34  Par.UW-9C, :
= ment overlap . Circumfarentiol Fig.Uw-9 radius
Par, UW-9 and 13 jaints Par.UG-32
Fiqg. -13
ig. UW Radiograophy
¢ techniqua
Par. UW-31 Torispherical
head
Weld joint L=crown radius |
afficiencias .c/ .
X Par. UW-12 ~ Hemispherical head
Plus head Table UW-12 Stagger long seams ot least 5 Xt .
pressure on unlass radiographed at intersac- Par. UG-32F
wgnc,..m.w_m_a Alignment tolerance- tions i
or: UG longitudinal joint Par. UW-9d R radins
Par, UW-33 of shell
Par. UG-27
Backing strip , Post wald heat
Por cE,.wun Corrosion m%wa:mmm:_,ﬂmﬂaau ~ Linings freatment
uw- ollowance Par UW-14 Por. UG-26 Par. UwW-40
Par UG-25 s Part-UCL \
Y U
- .‘I-I-l.ll N
. h _ _ _ Hmma_a holes 5\1 Fuslan welded connections /IQ. weald reinforcemant
h Skirt tength Par UG-25d and Par. UW-15 and Fig.UW-16 Par.UW-35
i7amidedia.  ParUG-32 UCL-25b _
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llustration defining locations of welded foint categories. A. Longitudinal joints;
circumferential joints connecting hemispherical heads to main shell; any welded jsint In a
sphare. B. Circumferential Joints; circumferential [oints of tarispherical ellipsoidal heads;
angla joinls not greatar than 30 degrees. C. Flange joints; Van Stone laps; tube sheets; flat
head 1o main shell. D. Nozzle ioints 1o main shell; heads; spheres; flat-sided vessels.
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T 17 T 1>y, where Lis required
terrgth of taper and y iy
the offsat betwesn the
sdjacent surfeces of
sburting wctions

* .
T . \ NOTE: Length of required
Y. tager, £, may Include the

width of the weld.

Tacer Ejither Inside
or Outtice

Weid

fa} . In ail cases £ shail be nat less than Jy, ) (b}

FIG. UW-9 BUTT WELDING OF PLATES OF UNEQUAL THICKNESS

% In. min. redlus

18.5 ceg. max.;
14 deg. min.
b T —
Mow [2) .
18.5 deg. max.;
———— 14 deg, min,
l‘1 [Nots 13)]
% in. min. radivs
(a) ' bl
NQOTES;

{1} As defined in UG-40.
{2} Wald bavel s thown for Nustration saly,
(3} 7 1y i not lexs then the gravuar of @
“la) 0.81,,, whers
I = mquired thicknens of seamisn nozzh
wall -
b} Minimum wall thickress of connacting pipe

FIG. UW-13.4 NOZZLE NECKS ATTACHED TO PIPING OF LESSER WALL THICKNESS
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R . ' TABLEUW-12 . _
: MAXIMUM ALLOWABLE JOINT EFFICIENCIES*® FOR ARC AND GAS WELDED JOINTS

- Degree of Radiographic Exarnination

Te © L Joe | - R Joint, w ()
Mas : 0 Descrigthn D T | Umitstons Category Fut Spotd
. s NN S . —

(&) Siegle foit filet lap joints ". (a) For the attachment of heads . A&B - NA NA

witheot plog weids — . comvex to pressure to shells not : s o

. over 3% In. required thickness,
_only with use of .Milet weld on’
Imide of shet or . . - : N
(b) for sttachment of heads =~ A LB . NA, . KA
to shelts not over 24 In. ke
dameter and not over Y, in.
 regquired thickness with Nilet weld
on outside of head. flange only

. HOTES:

3;.:!igiigggiggigiiggggigg
gi?il&iiﬁg-igg!?g

{2} See UW-12(a) and UW-51, -

(3} See UW-11(h) and UW-52.
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~ Welded joint efficiency values

Efficiency allowed,

Type of joint and radiography percent Code reference

Double-welded butt joints

Fully radiographed 100

Spot-radiographed 85 Par. UW=-12

No radiograph 70 Table UW-12 ¢
Single-welded butt joints (backing strip left Par. UW-=52

in place) Par. UCS-25 ,

Fully radiographed ?0

Spot-radiographed. 80

No radiograph 65
Single-welded butt joints 60 | Table UW-12

no backing strip

limited to circumferential

joints only %s-in thick and

24-in outside diameter
Fillet weld lap joints and single-welded butt Table UW=-12

circumferential joints

WOl ke g slatulesT 3 s )Ciiea yazit
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a2+ b not lay a2+ b not lexs than 2t
H

than 2, than 21,
- P 4 not lesa than fy and
t, not lass than £, and # not e than t,, and £ not fes|than the
.ib} f, not lexn than tha te} t, not lex than the (d) smatler of r, or 1/4 in
wmaller of r; o 1/4 in. smaliar of 7, or 1/4 i, o
r 2 .
Backing strip 1 2 49 ra;c2
May ba usad X
,
o3
This wald metal may £y
[ i be deposited 2+ b not less
2+ b not lnss b.k‘:'"_ complating than 2.0 < O)
k_ than 21, _ the joint a, nat less than 0.523
=0 &+ & nat len than not graater than 24
{a} in 2, b=0hs parmistibie {q)

Typical Unstaysd Flat Hendt, Supporisd and Unusu ppocted
Tubashests Without a Bolting Flange, snd Sida Platms of Rectengular Vessals
‘Far unstayed flat heads, seae alz0 UG.34

ASME Section VIII (wlel pilie Cad 0ylss (5)ad

s O

&+ b not lany

v

S
7/ oS ¢
07/;/ g ' L
_ >< }\ )\_ —_
& Prorr b=0 - 1 L. I< 4 N
- Packing srip \ [’:
7 may be used v ¢ i / SN ‘T&\]
R » ra §
? 4

b=0

=

This weld matsl

\Q:\:‘.

2
;’,/ o - -
[ t
1 b b may be _/b " R N
dapasited b=0 Il. . / By nouien
pearmissible than 0.5y

+|2

| o — batare |
- - 7 compieting nat greater
' jai than 2
thl HE Gy e ioinm {x) m 2

/

\ t, is eficed in UG-34 {b).
Typical Supported and Unsupponed Tubesheels With a Bolting Flange

GENERAL NOTE:
For supporiad tubeshesis: a + b notT hest than 2:,_ ¢ not lass than Q. 7¢, or 1.41,, whichever is less.
For unsgported uoeshaels: 2 + b not tets than 3¢, c ot less than t, oF 2r. whichever i1 les.
toand £ %t ai defined in UG-341b).

See UW-11{a) {3] tor dafinition of supponed tubsshest,

FIG. UW-13.2 ATTACHMENT OF PRESSURE PARTS TO FLAT PLATES TO FORM A CORNER JOINT

(Bolls
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o pRa gl Shdla 3T 9 (g ULga pamsl

——

b 0’.' s not lex than 3¢,
'l
.'r. : “ ::‘:::' 4?‘7 2+ b not less than 3t
b S frwhlchcvlr;'\f" - cnf‘" lew than t, ort,.
% s P2 - whichever it lex l
| .
:‘.l A":. /. /
< I‘-.‘ TT" i 1 5 Rt %
Backing trip Backing strip . r t5 ot ext then %
may by removed | gy beused | - P vhe smailest of / .
after wwiding : if joint i not : o tp o Ydin, /s -
" T waided from — _"'L"'_I' -
both sides (o}
Typical Nonperminsiile Corner Joints
imi in)

S 4gF Jlail LS ol pdouno 518 359 4 (5,03 Silakid JLaif F

ASME  Section VIII sbo) y s Cial gilas S Ewea CiBalta

FIG. UW-132 ATTACHMENT OF PRESSURE PARTS TO FLAT PLATES TO FORM A CORNER JOINT (CONT'D}

Typical Bolted Flange Conrsctions
€ lpand ! are as defined in 2.3

— Tension test pecirmen -

Tension test 1

e soecimen
.

# i1 not lexs than 1, nar
la1s than the required
thickmess for a filat
hexd ar tubesheet

Iy I
h not lext
than 1.5 [

[a} le

MNOTES:

(11 RAeter 10 Fig. UG-J4 sheteh (b2} for dimentional requirements.

2] Not permigible if machined from roiled plate unlen in ;cordsnce with Appendix 20, Set UW-11 (f).
3] Tension mit mecimen may be located ingide or outsice the hub.

i
FIG. UW-133 TYPICAL PRESSURE PARTS WITH BUTT WELDED HUBS
L___;J.g;__;Juhg_;L‘:‘s)b.b.é.'_;l:.MM}a
e R P T 7!
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% in. min, redi

18.56 deg. m
% in. min, .

radius

ASME Section VHT gelwl ylius Qs gilas silal

leg. max.,
14 deg. min.

18.5 deg. max.; g m— i
' 14 gwg. min. (J -
n
N i z v Mo {2)
{Nots (1}) P i ) Nt
t ! 7

ty [Nom {3))
% in. min, radiul

- ibi

NOTES:
111 As defined In LG40,
2} Weid bevel % shown for illustration only.
{3}y s not less than the graater of:
{al Q.81 whare
’ t., = required thicknass of saarmless nozzia -
wall
b} Minimum wall thicknass of cannecting pipa

F1G. UW-13.4 NOZZLE NECKS ATTACHED TO PIPING OF LESSER WALL THICKNESS

!
Now (2} . -
’_I_. —_— /AL : 18.5 deg. max.;

14 deg. min.

1 [Now (3}]




TV Ul e ad Sledolo)T 5 (5 )lhea e

ASME  Section VIII gulwl y ik cial gjlas Sy Sga Olhialls

39 3 0510l @ K30 DL 5 50 i 5 LG g1
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Backing strip Il usedt may be ramoved sfiar walding

. . P
Foll Permtration Waid V2 Iin, max ct,

W¥ith Imagrw Reinforcament
- la-3
[Sea UW-18 {cli1}] ! _ -2 -3 l {
Separata Rainforcamant Plates Addéd {See UW-16 1c){2)} i

] Enume

//Qrc'

Bachang strip if

) used may be (] d) ' h

: la]
removed alter weiding

Full Pwnetration Weldy to Which Separats Asintorcament Plates May be Added [Ses UW. 16 tebf2)] k

30 deg. min

172 min,
Cvin R
-:- 3y
bt Y

fytig <t *‘?‘[‘r‘

. hut nol greatar
than 1/4 0. ir-3

NN

(i

[t -4}

FlG, UW-14.1 SOME ACCEPTABLE TYPES OF WELDED NOZZLES AND OTHER CONNECTIONS TO SHELLS,
"~ DRUMS, AND HEADERS :

NQTE: Sketches (a), (b), (e}, {d), (e}, (F-1) through (-4}, (9), (x-1}, {y-1), and (2-1) are examples of norxles with
Integral reinforcement.
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=

r,{<

n

'1 + f2 21% fm[n-
r1 ar t2 not leas than.
the smaifler of 1/4 in,

or 0.7 tmin..

T ™ 8.7 Ciin,

11 i Pl 2 ’
B - //\ r !
[- L. T, n =
AL min 4 T . \?;4&
le— o fe . 1/2¢ min. 7/ f
(®) | -

ty = 0.7t min. "'
§ j A I T—V/(:)g\ -Weld :ul thell .
% f min. & / \_,E} |
1_ % M ty " 0.7 min. t =07t
w m

w k .
. "tn‘\L_ ‘
) {a

(V) 0.7 rm‘.n.

{q)

FIG. UW-15.1 SOME ACCEPTABLE TYPES OF WELDED NOZZLES AND OTHER CONNECTIONS TQ SHELLS,
' DRUMS, AND HEADERS (CONT'D)

NOTE: Sketches (2), (&), (<), {d), (e), ($-1) through (F-4), (g), (x-1), {y-1), and (2-1) are examples af o
integral reinforcement,

orzles with
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G ]—~— | &
For apglications whery . _,-4 i
thary are nO extarnal 1 P\T
load: r
. ) ‘ D
G = 1/8in. max. Cutsica - D Cutzide - o

[}
With axternal lcad:
G =Q.006 for D, < 1 in. ! {
G =0010fer 11In. <D, < 4 in. l
= Q.315 lor 4 in, -5/8 in. [
G = 0016 for 4 in <D,<65/8in 174 ¢

ty—— H
bt [ ‘e -
» t, but not
loss than 1/4 ia, /
- —f—
— t
t.butnot 116 in, recemt
lwss than 1/4 in
Section A-A
Typical Tube Connecticna

(Whan used for othar than square, round, or oval haaders, round off cornars)

vl {

{w}

[

Either mathod af attachment is ufi:ilc:ory

FIG. UW-16.1 SOME ACCEPTABLE TYPES OF WELDED NOZZLES AND QTHER CONNECTIONS TO SHELLS,

NOTE: Sketches (a), (b), {c), {d), (o), (-1} through (i-4), (g}, {x-1}, {y-1), and (2-1) are examples of nozzles with _

{x-1) (x-2)" ly-1 iy-2)° (z-1} fz-21°

_}c7 rﬁ?’{ i
CET) BEY | |

A

(:2} § > < " 5]

—
——

ty

by + 13 21% 1 in, f4 0r £y net less than tha smaiier of 1/4 in, or 0.7 ¢ min.

*For 3 in. pipe sizx and 1maller, w00 axamptions in UW-18 {1112}

DRUMS, AND HEADERS (CONT'D)

integral reinforcement,
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3in. NPS max.

L
il

_ /.l.!x -
\[ 4 L-—__rw;Semuw-mu!de

% in. min.

{bb)

*For 3 in. pipa size and ymaller, 12e exemptions in UW.15 (f} 2

F1G. UW-16.1 SOME ACCEPTABLE TYPES OF WELDED NOZZLES AND OTHER CONNECTIONS TO SHELLS,
DRUMS, AND HEADERS (CONT'D)
NOTE: Sketches (a), (h), (c), {d), (e), (f-1) through (f-4), {g), (x-1), (y-1), and {z-1) are examples of nozz

les with
integral reinfarcement.
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FIG., UW-16.2 SOME ACCEPTABLE TYPES OF SMALL FITTINGS
See UW-16( (£)3)a) for Limitations -
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Any angle

Shape square
cyhndrical or
irrequine

FIG. UW-16.2 SOME ACCEPTABLE TYPES OF SMALL FITTINGS (CONT'D}
See UW-16(F)3)a) for Limitatiqns
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TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS.FOR CARBON AND -
LOW ALLOY STEELS - .

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thicknets [See UW-30{f]]
. Temperature, _
Material o : " *F, Minlmum : Up to 2 In. Over 2 In. to 5 In. Over 5 in.

P-No. 1 , 1100 - 1 hr/in., 2 hr plus 15 min 2 hr plus 15 min
Gr. Nos. 1,23 i5 min for each addi- for each addi-
minimum tional inch. over tlonal Inch over

' 2 in. ’ 2 in.

' Gr. No. 4 . S NA . None None " None

NOTES: . : :

{1) When It is Impractical to postweld heat treat at the Lemperature $pecified in this Table, It Is permissible Lo carry out the postweld heat
treatment at lower temperatures for longer perlods of time in accordance with Table UCS5-54.1. :

(2) Except for exemptlons in Note (3}, postweld heat treatment is mandatory under the following conditlens:

(a) for materlal over 134 In, nominal thickness. Postweld heat treatment Is mandatory on materials over 1% in. nominal thickness through
1% Iin. nominal thickness unless preheat is applied at a minimum temperature of 200°F during welding,

(b} on materlal of alf thicknesses If required by UW-2, B

(3) Postweld heat treatment Is not mandatory under the conditions specified below:

(1) for groave welds not over Y} i, size and fillet welds with a throat not over 14 In. that attach nozzle connectlons that have a finished
Inside dlameter not greater than 2 in., provided the connections do not form ligaments that require an increase In shell or head thickness,
and preheat to a minimum temperature of 200°F Is applied;

(b} for groove welds not over Y4 In. In slze or fillet welds having a throat thickness of Y4 In. or less used {or attaching nonpressure parts to
pressure parts and where preheat to a minimum temperature of 200°F Is applled when the thickness of the pressure part exceeds 1Y, In.;

{c) for studs welded to pressure parts provided preheat to a’'minimum temperature of 200°F [s applled when the thickness of the pressure
part exceeds 1%, In.; : _ )

(&1 for corrosion resistant weld metal overlay cladding or for welds attaching corrosion resistant applied lining (see UCL-34} provided
preheat to a minimum temperature of 200°F is maintained during application of the first layer when the thickness of the pressure part
exceeds 1Y In, . i

TV Um e s Slate 3T g sUMhgs pacmit

|

" NA = not applicable

ﬁ
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TABLE UCS-56 (CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND

AL A OY-STEELS
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Minimum Helding Time 2t Narmal Temperature
Mormal Holding for Nominal Thickness [See UW-40(f}]

* Temperature,
"F, Minimum Up Lo 2 in © Qver 2 in. to 5 In. Over 5 in.
1100 1 helin., 2 hr plus 15 min 2 hr plus 15 min
, 15 min for each addl- for each addi-
minimum tional Inch over tlonal inch over
2 in. 2 In.

tweld heat treat al the temperatures mnnn_.n.ua‘_: this Tabte, It is permissible to carry out the postweld heat

(1) When it is Impractical lo pos
" treatment at lower temperatures for langer periods of time in accordance with Table UCS-56.1,
B

(2) Postweld heat Lreatment Is mandatory on P-No. 3 Gr. No. 3 material I all thicknesses.
s mandatory under the followlng conditlons:

{3) Except for the exemptions in Note (4), pastweld heat treatment i
postweld heat treatment fx mandatory

(1) ont P-No. ) Gr. No. 1 and P-No. 3 Gr. No. 2 over % In. nominal thickness. For thesa malterials,
on materal up to and Including Y% In. nominal thickness unless a welding procedure qualification described In UCS-5&(a} has been made

, in equal or greater thickness than the production weld.
.- () on material in all thicknesses If required by UW-2. .
{4) For welding connections and attachments to pressure parts, postweld heat treatment 1s not mandatory under the conditions specified
which have a specified maximum carbon content of not more than 0.25% (SA material specification
clfication imits) or nonpressure parls with groove
ovided preheat to a minimum temperature of

-, below: "

{a) for attaching to pressure parts
carban content, except when further limited by the purchaser to a value within Lhe spe

welds not over ¥4 In, In stze or fillet welds thal have a throat thickness of Y4 In, or less, pr

© 200°F Is appiled; . :
in plpe or tube where the pipe or lube have both a nominal wall thickness of 14 In. or less and z specified

() for clrrumferential welds
cation carbon content, except when further limiled by the

maximum carbon content of not more than 0.25% (SA materfal specifi
+%" purchaser to a value within the specification limits); .
) A.& for studs welded to pressure parts which have a specified maximum carben content of nat more than 0.25% {5A material specification
S.'7 carbon content, except when further llmited by the purchaser Lo a value within the specification limits) provided preheat to a minimum
7+ temperature of 200°F Is applied; ’ ’ ‘
() for corrosion resistant weld metal overay cladding or for welds attaching corrosion resistant applied lining (see UCL-34) when welded lo
B pressure parts which have a specified maximum carbon content of not more than 0.25% (SA materal specification carbon content,
except when further limited by the purchaser Lo 2 value within Lhe specification limits) provided preheat lo a minimum temperature of
“200°F Is maintained during application of the first layer. :

.
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TABLE UCS-56 {CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND
LOW ALLOY STEELS

Minimum Heolding Time at Normal Temperature

z Normal Holding For Mominal Thickness {See UW-40(n]
NS Temperature,
“ Materdal *F, Minlmum ' Ug to 2 in. Over 2 in. 10 5 in Gver 5 in
P-Mo, 4| 1100 1 hefin,, L helin, 5 he plus 15 min
L 6r Noy 1.2 15 min for each addl-
SEe T minimum tional Inch aver
5k
NOTES: | ' ot l
(1) Except|for exernplions in Mote [2), pastweld heat treatment Is mandalary under the following conditlons: )
< 3 fabon maledal of SA-202 Gradet A and B aver % In. nominal thickness, For thesa materlals postweld heat treatment Is mandatery up to
< 7 andndtuding % in. pominal thickness unless a welding procedure qualification described in UCS-56{a) has been mads In equal or greater
.. thickakss Lhan the production weld. - :
_ &bl on material of all thicknesses If required by Uw-.2: P -
* ") oa alt dther P-Na. 4 Gr. Nes. 1 and Zmatedale . - i e e om0 -n s
(2} Postweld heat treatment s not mandatory under the condition specified betaw:
¥ la) foetlrtumlerentlal butt welds In plpe or tube of P-Nao. 4 materlats whera the pipe or tubes comply with ail of the follawing conditions:
() 2 daxkmum nominal sutslde diameter af $1n; - ‘ '
s, 420 1 maxlmom pomlaal thickness of ¥, in.; .

11 maximum specified carbon cantent of not more than 0.15% (SA materlal specifi
RmjLed by the purchaser to a value within the specification limits);

% ik

b ol

P-Ho. 4 pipe or tube materfals meeting the fequirémcnts of (2Ma)(1), (2Ma)(2), and {2)aH3) above, having nonpressure
chiments filtet welded to them pravided:

M fMlet welds have a mazimum thesat thickness of ¥4 in.;

P-Ha. 4 plpe or lube matarlals meeting the requirements of (2)Ca}(1}, (2)(a)(2), and (2142} (3). above, having studs welded 1o them, a
4Tum preheat temperature of 250°F Iy applied. ) ’

ication carbon content, excepl when Further

olmen preheat of 250°F,

T

nlmuem preheat temperature of 250°F I3 applied. ) 1

Minimurmt Holding Time at Normal Temperature

A

Normal Holding For Nominal Thickness [See UW-40(0]
Temperature, . .
‘F, Minlmum Up ta 2 in. Over 2 in. ta 5 In. Over 5 In.
1250 1 hefin, 1 hefin. S heophs 15 mia |1
1, 2, 3 15 min for each addl-
. mialmum : tional Inch gver
5 In,
1100

pxempllons In Note (2), postweld heat Lreatment is mandalery under all conditions.

at Irratment 11 not mandatory under the follawlng canditlons:

FLE S FEEENFFETEFLY

pximum specified cheombum content of 3.00%;
DAmU nominal oulside dlarmeter of 4 In;
oedmum novminad thickness of Kin:

aximum specified carbon content of nat moce than 0.15% (SA material specification carbon content, except when further
ed by the purchaser 1o 2 vahe within the specification limits); ' .

ferentlal butt weids In Plpe or tube where the pipe ar tubes comply with all of the {ollowing conditions; ] . ‘

2]
A

m|
ed

M r

wmum preheat of 300°F i applied.

kded to them provided:
[illet weids have 2 maximum threat thickness of 1 in.;
e preheat temperature of 300°F Iy appiled,

or tube materials meeting the requirements of (2}(a){1}, (2}(8(21, {2){aM3), and (2} a)l4) having nonpressure attachments

o twbe malerais meeting the requirements of (2)€a)(1), (2)aK2), (2)0aH3), and (2)(a)4} having studs weided Lo them
4 minkmum preheat Lemperature of 300°F Is appiied. : )
mpractical 1s postweld heal P-No. § Gr. Nos. 1 and 2 materlals at the temperature specified In this Table, It I3 permissible
the pastweld heat lreatment at 1200°F minimum pravided that, for materlal up te 2 In. nominat thickness, the helding time
la the greater of 4 he minimum ar 4 hr/ln. ef thickness; {or thickness aver 2 In, the specified hoiding times are multiplied
equirements of UCS-85 must be accammodated in thly reduction In postweld hest Lreziment.
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TABLE UCS-56 (CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FCR CARBCN AND
. LOW ALLOY STEELS

= ASME Section VI jwha)pbits Cuad gilas o5)0hea Sloalls

Minimum Halding Time at Neormal Tempedatpre
Normal Holding for Nominal Thickness [See UW-40(N))
Temperature, —
M atertal ; F, Minimum Up to 2 In. Over 2 In. to 5 in, Over S in.

P-No. 94 1100 1 hrfin., 1 he/in, S heiptug 15 min
& Mo, 1 ’ 15 min fod cach addi-
misimum tidnal Inch over

3 jn,

HOTES:

{1} When It Is Impractical to postweld heat treat al the temperature specifled tn this Table, it s permistible to carry out the pestweld heat

treatment at lower temperatures {1000°F minimum) for langer periods of Ume In accordance with Table UC5-56.1.
(2} Except {or exemptions ln Nole {31, postweld beat treatment Is mandatary urder the follewing conditions: )

Ul on matedal over % In. nominal thickness. Far materdal up 10 and Including % M. nominal thickness, postweld hedt
mandalary urless a welding procedure qualification described in UCS-56{a) has been made tn =qual or greater thickn
production weld. , ' !

{4) on materiad of alt thicknesses f required by UW-2, '

(3} Postweld heat treatment s not mandatory under canditions specified below: :

La) Tor glrcumnferential butt welds In pipe or tubes where Lhe pipe or tubes comply with 1lf the foflawing conditions:

(1) a maxtmum nominal cutside dlameter of 4 In.; .

{2} » maximum thickness of ¥ tn

(1) 3 maximum specified zarbon tontent of not more Lhan 0.15% (SA material specification earbon content, exceqt
fimited by the purchaser to 3 vahue within the speclfication fimits); I

(4) a minkmum preheat of 250°F, : !

(5} for pipe or tube materlals meeting the requirements of {3){ad(1), (3)(a)2}, and IHA)(3] abave, having attachmentslfl;
them, provided: ) - !
(1) the fillet welds have 1 throat thickness of % In. or less; '
{2) the materal Is preheated to 250°F minimum. A lower preheating temperature may be used provided specifica

procedures necessary to produce sound welded joinLs are used. Such procedures shall nchde but shall not be fimited Lo
ta) The throat thickness of et weldy shall be ¥y In. or less. I
{5) The maximum contimuous length af fillet welds shall be nat aver 4 In, |
le} The thickness of the Lest plate used In making the welding procedure qualification of Sectien IX shall rat be lest Lh
material to be welded.
{c} for attaching nonpressure parts Lo presture parts with groove welds not over ¥, bn. In size or Nilet welds that have a thdeal
14 W or bess, provided prebeal te a minimum temperature of 200°F it applied;

() for studs welded to pressure parts provided preheat Lo a minimum temperature of 200°F Is applled;

{e} for corrasion reslstant weld metal overlay. cladding or for welds attaching corresion resistant applled fining fsee UCL
preheat ta 2 minlmum temperature of 200°F is maintalned during application ef the Nirst layer.

Lreatment |s
15 than Lhe

when further
et welded to

Ny controlled
Lhe following.

an that of the

t thickness of

34) provided
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. TABLE UCS-56 (CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND
i | LOW ALLOY STEELS -

; - Minlmum Haldlng Time at Normal Temperaturs
! Narmal Hoiding far Namlnal Thickness (See UW-40(0]
. | Temperature, .
| "*F, Minimum Up to 2 In. Qver 2 In. to S in. Over S ln,
“P-No. 98 ‘ ' - 1100 1 hefin, b hedin, 5 b plus 15 min
Gr. Ne.|Ll: ) 15 min for each addl-
miplmum torul inch over
5 In,
I  NOTES: I
(1) When } l$ impractical to postweld heat treat at the temperatures specified in this Table, it Is permissible to carry out the postweid heat

treatment at Jower temperatures (100¢'F minimum) for longer periods of time in accorgance with Table UCS-56.1.
(2} The hoiding temperature for pastweld heat Lreatment shall not exceed 1175°F.
(3) Exceplfo exemptions ln Nole (4}, postweid heat treatment s mandatary under the {ollowing conditians: :

(2) on materlal over %4 [n. nominal thickness. For materlal up la and Including % In..nominal thickness, pastweld heal treatment ig
mandatery unless 2 welding procedure qualification described In UCS-56(a) has been made in equal or greater thickness than the
produdtion weld, '

(5} on material of all thicknesses If required by Uw-2; '

(4) Postweld heat treatment Is nat mandatory under Lhe conditlons specified belaw:

(a) for 3ttaching nonpressure parts te pressure parts with grogve welds nat over 14 in. In size or fillel weids that have a throat thickness of
% Ia. or less, provided preneat to & minimum Lemperature of 200°F s applied;

(b) for studs welded ta pressure parts provided preheat’ Lo a minimum temperature of 200°F Is applied. l

(e {or torraslen resistant weld metal overlay cladding or for welds attaching carrosion resistant applied llnlng (see UCL-34) provided
predieal Lo 3 minkmum temperature of 200°F Is maintained during application of the first layer,

Minimum Holding Time at Normal Temperature

Mormal Hoiding for Mominal Thickness {See UW-AN]
Temperature,
I Material - 'F, Minowm Up to 2 in, Over 2 In. 1o 5 In, o Over 5
P-No. 10A | 1100 1 hefin, | 1 helin. 5 be plus 15 frin
Gr. Na. 1’ : 15 min for each addl- L
h minimum " tho '

* NOTES: . : :
(1}a) When it ls Impractical tg pastweld haat treat at the temperature specified in this Tabie, It b permissible Lo carry out-tha postweld heat
treatment at lawer Lemperatures for longer perleds of time In accordance with Table UCS-56.1,
(b} Condidpration should be given for possible embrittiement of materials cantalning up to 0.15% vanadlum when pastweld heat Lreating at
the minimum temperature and at lower temperature for konger halding times.
(2) Except Jor exemptions In Nate (3, postwekd heat treatment is mandatary under the following condltions: H

(a) on all thicknesses of SA487 Class 1Q matertai;

{8} on a ather P-Na. 10A materlals aver % b nominal thickness. For these materlals up ta and Including %, In. nominal thickness, postwelid
heat treatment B mandatory undess a weldlng proczdure qualification described In UCS-56¢a) hag been made in equal or greater
thickness than the production wekd.

(<) on matprial of all thicknesses If required by UW-2,

(3] Postweid heat trratment it not mandataory under the conditions specified below: :

€2} for attachiog to pressure parts which have a specifled maximum carban content of not more than 0.25% (SA material specification l
carbon | comlent, except when further imited by the purchaser ta a value within the speclfication Timits) ar nenpressure parts with groave

wekd not ever % I, I size or filet welds having 2 throat thickness af 14 In. or less, provided preheat ta a minimum temeerature of 200°F

w . .
{8 for oi ferential welds In plper or tube where the pipe or tube hat both a nominal wall thickness af ¥4 In. of kess and a specified
maximym carbon cantent of nat more than 0.25% (SA material specification carbon content, except when further lnited by purchaser
ta a yajue within the specification limits) provided preheat to a2 minimum temgerature of 200°F s applied;
(<) for siuds wetded to pressure parts which have a specified maximum carbon content of not more than 0.25% (SA materlal specification
carten | contant, except when Further fimited by purchaser ta a value withla the specification lmits) pravided preheat to 2 minimum
temperature of 200°F Is appiled; .
| () for chrmosloe resistant weld metal averlay cladding or far welds atiaching carrosion reslstant applied lining {see UCL-34) when welded to
pressurk parts which have 1 specified maximum carban content of ast more thaa 0.25% (SA material specification carbon content,
except when further limitsd by the purchaser to a value within the specificatlon fimits) provided preheat to a minlmum temperature of
200°F I3 malatainad during application of the first layer.
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TABLE UCS-36 {CONT'D?
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND
LOW ALLOY STEELS

Minimum Helding Time at Nermal TtmpeLa ure

Narmal Holding for Nomlnal Thickness {See UW-40(1])
Temperature, ‘ '
Materdal . *F, Minlmum Up ta 2 fn. Qver 2 in. 10 5 In. tvar 5 i
P-Na, 10B 1100 1 hefin, 1 hrfin, 3 hripus 15 min
Gr. No, 1 <7 1% min fof dach addi-
minfmum tidral inch over

5
NGTE:
(1) Postweld heat Lreatment 1s mandatory for P-No. 108 materlals for aft thicknesses. '

Minimum Helding Time at Normal Temperatare
Normal Holding ' " for Nominal Thickness {See UW-A0{M]}
Temperature,
Materal *F, Minlmum S Up e 2in, Qver 2 In. to 5 In, Orver 5

P-No. 10C ) 1000 1 hefin, Y hrfin. 5 he|phat 15 mia
Gr. Na. 1 - 15 min fof sach addi-
) : minimum tignal inch over

5 n

NOTES:

1) When it s Impractical to postweld heat treat at the temperatures specilied da this Tabie, it Is permissible Lo carry out thcl postweld heat

treatment at lower temperatures for longer periods of time In accordance with Tabie UCS-56.1. .

{2} Except for exemptions In Note (3), portweid heatl treateent is mardatory ynder the following conditions:

L) for materlal over 115 in. nominal thickneds. Postweld heat treatrent 13 mandatory on materials over 1Y, . naminal thilchnesn through
114 . nominad thickness unless preheat Is applled at a minimum l:mper:lure of 200°F during weldirg.

{b) on material of all thicknesses f required by UW-2.

{3} Postweld heat treatment it nat mandatary under the :andluons specil‘:d belaw:

(2] for groave weids not over 14 . in tize and fillst welds with throat nal avar 34 In. that xttach nozzle connections L}ul ve & finished
irside dlameler not greater than 2 . provided the connections do nat farm igaments Lhat require an increase in shell orlhdad thickness
ard preheat Lo & minlmum temperature of 200°F Is appiled;

(b for groave welds not over %, in In size or filet weids having throat thickness of 14 W or less used for altaching nonprissure parts to
pressure parts and preheat to & minlmum temperature of 200°F I 3pplled when the thickness of the pressure part et teds 1Y, In.;

{c} for studs welded to prem,lre parts pravided preheat to a minimum temperature of 200°F 1 applied when the Lthickness hf the pressure
part exceeds 1Y, In

{d) for corrodlon reshunt weld metal overlay cladding or for welds nL:can corrosfon reslstant acpited fning (see UCL-34) provided
prebeat to 3 mldmm Lemperature of ZOO’F I malntalned duﬁnq application of the first layer when the thickness of the pressure part
exceeds 1% In.

o
Minkrmum Holdlng Time at Normal Temperziore
Hormal Holding © for Nominal Thickness [See UW-AD(N}
Temperature, . i
Material ‘ *F, Minimum _ Up to 2 ln. Orer 2 In. 10 5 o Ovir 5 I
P-Mo. 10F o " 1100 , 1 Wi, 1 hefin, - 3 bejphat 15 min
Gr. No. 1 15 min for tach addi-
’ mirimum Udnal inch over
5 i : I
NQTE: .

{1) Postweld hul treatment (s mandaloq for P-No_ 10F materfals for alf thicknesses.
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TABLE UHA-32

. POSTWELD HEAT TREATMENT REQUIREMENTS FOR HIGH ALLoOY STEELS
‘ l Minirum Holding Time a0 Nermal Temperature 1
Normal Holding for Nominal Thickness [See UHA-32(d)] '
Tempersturs, -ﬂ
© Materal : F, Midmum Up ta 2 tn Over 2in. to 8 i, s I
. .
!P-No. & . 1230 1 hrfin, 2 be plus 15 min 2 b ph 18 e, L
Gr. Nogu |1, 2, 3 ) 15 min - for each addl- For nach addi-,,
. ' : mirdmum tonal Inch aver tonal Inch ovir

2 n, 2 '
NOTES:

(1) Pottweid heit trextment 1t not required for vessels conttructed of Type 410 materlal far 54182 Grade Féa, SA-240, SA-248, and SA- 1
- 479 with carbon content not to txceed 0.08% and welded with elsctrodes that produte an austenitic chromium—nickel weid depasit or f
non-&lr-hardening nickeb-chrmmivmdron wetd deposit, provided the plate thickness at the welded jolnt does not excred %, ., dnd o
thicknesses sver % In. 1o 134

In. provided a preheat of 450°F I3 maintained during welding and that the Jolats are complrlel-; radiogriphed,
{2) Postweld heat Lreatment shall be perfarmed as prescribed In UW—40 and UCS-5ale).

Minimum Holdimg Time at Nommal Temperature

Normal Holding for Nominal Thickness [See UHA-32(d)]
} LY Temperature,
Materal F, Minimum Up to 2 in. Over 21n. to 5 fn. Over % in,
P-Moo7 | .. . 1350 1 hr/ln, 2 hr plus 13 min 2 he plut 15 min
Gr. Nop |}, 2 - 15 min for each addl-. for each ada
e ‘ minimum tional Inch over Uonal Inch over
- 2 In, 2n
NOTES:, [ . o o L
(1) Pottiweld heat treatmént 11 nal required for vessels constructed af Type 405 or Type 4105 materfals

for SA-240 and SA-468 with eirbad.
pot to excesd 0,08 %, Welded with electrodas that produce an austenitic chramium—nickel weld depasit or a fon-alr-kardening
4 In. and for thicknesses aver Kin ta

rovided a preheat of 450°F 1 maintained during weiding and that the laints are completety radlagraphed.
(2) Postwpid heat treatmemt 3hail be performed as preseribed in U'W-40 and UCS5-56le) except thal the coeling rate shall be a maximum of

100°F fha In the range ahave 1200°F after which the coollng rate shail e sufficiently rapid Lo prevent embrittiement.

heat treatmént is not required for vessels constructed of Grade TP XM-8 materlal for SA-258 and SA-4 79 or of Grade TP 18C:-
5A-240 and SA-283. -

(a2l
£
S S 3

("
N3
¥
ol

Minimum Holding Time at Normal Temperatyre

Normal Hoidleg for Nominal Thicknest {See UHA-I2(d}}
Temperkturs,
Materia F, Mindewm Up to 2 In, Over 2 In. 1o % In, Over 5 in,
P-Na, 8
Gr. Nesy 1, 2, 3
NOTE:

(1) Postweld heat trantment It neither required nor prohibited for Joints hatwesn sustenitic staintess steels of the P-Nq. & group, Sée
nonmandatary Appendix HA, UHA-100 ta UHA-108, Inclusive.




TABLE UHA-32 (CONT'D)
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POSTWELD HEAT TREATMENT REQUIREMENTS FOR HIGH ALLOY STEELS

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UHA-32(d)]
_ Temperature, : _
Material *F, Minimum _ Up to 2 in Over 2 in. t0 5 in. Over 5 In.
P-No 10E 1250 1 brfin, ‘1 hrfin. - 1 hr/in.
+ Gr. No..1 _ 15 min .
minimum
" NOTES: .

ASME  Section VIIT guls L

{1) For SA-268 Grade TP446 material only, postweld heat treatment u?.w__ be performed as prescribed In UW-40 and UCS-56(d) except that
the cooling rate shall be a maximum of 100°F/hr in the range above 1200°F after which the coocling rate shall be sufficiently rapid to prevent

« embrittlement. : : , )

{2) For SA-268 and SA-240 Grade TP329 (0.08 max. C) only, the rules In Section VIII, Division 1, Subsection C, Part UHA, for ferritic~
chromium stainless stewl shall apply, except that postweld heat treatment is nelther prohibited nor required. If heat treatment Is performed
after forming or welding, the heal treatment applied shall be performed at :Nu.mr:uoﬁ followed by a rapid cool.

Minimum Holding Time at Normal Temperature

Epal oy i (Slriuta )T 9 (g Wb 9o el

",

‘

A

Normal Holding o " for Nominal Thickness [See UHA-32(d))
Temperature,. .
Material ‘F, Minimum _ Up to 2 In Over 2 in. t0 5 In. Over 5 In.
P-Nao. 10G . R .
Gr. No. 1 :
NOTE: {

{1) Postweld heat treatment is neither required nor prohibited.
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| TABLE UHA-32 (CONT'D)
i POSTWELD KEAT TREATMENT REQUIREMENTS FOR HIGH ALLOY STEELS

- Minimum Holdlng Time xt Normal Temperature
R T © Hermal Holding for Nominal Thickness [See UHA-32(d)}
R Temperaturs,
" Ml " F, Mitimum Up ta 2 in. Over 2 to 3 In. Over 5 b

P-Ma. 1pH

Gr. No. 1 '
NOTES: :
(1) Postpreid heat treatment s neither requirsd nor prohibited, hut any heat treatment applied shail be performed at 1800°F-1900°F follovwed

by a raphf coal. ) ' :
(2] For SAJ240 and SA-479, Alioy 532558 arly, the nules for ferritic chromiuem stairless steel shall apply, except that postweld heat trextment
is nefther prohibited nar required. I heat treatment 15 performed after farming ar welding, It shall be performed &t 1900°F-2050°F foliowed
by a rapid cool,
(3) For AMgy 531803, the rules for ferritie chromium stainfess steel shali apply, excepl that postweld heat treatment I3 neither prohibited por
red. IF heat treatment is perfarmed after farming or welding, 1t shall be performed at 1870°F-2010°F follgwed by 2 rapid cool
(4] For Allqy S44440, the rutes for ferritic chromium stainless stesi shatl apply, except that pastweld heat treatmant is peither required ror
probebited. If heat treatment Is perfurmed after forming ar welding, It shall be performed at 1500°F to 1950°F for a perlod nol ta exceed 14
min followed by rapid coallng, N
Minimum Holding Time at Nermal Temperature
Normal Holding for Maminal Thickaess [See UHA-32(d}]
T . Temperature, .
Material F, Minlmum Up to 2 In. Over 2 In. 10 5 . Over 5 in.
P-Na, 1p1 1350 1 hrfin, 1 hrfin. 1 hrfin, _
ar. Ne 1 ’ 15 min
minimum
NOTES:

(1) Postweld heat treatment shalf be perfarmed
10G'F /hr in the Hange abave 1200°F after
© {2) Postweld heat treatment is neither requir

a5 prescribed In UW-40 and UCS-560¢) except that the caoling rate shall be a maximum of
which the coaling rats shall be rapid to prevent embrittiermnent. . l
ed nor prohibited for a thickness of ¥ In. or fesy.
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TABLE UHT-56 ‘
POSTWELD HEAT TREATMENT REQUIREMENTS FOR MATERIALS [N TABLE UHT-23
‘ Nominal .
Grade Thickness Holding Time
oc Requiring PWHT .
Sec. No Type P-No./Ge. No. PWHT, i Temp., F Mfin. Minimum e
Hﬁ- :
Fate Sieels
Ho-asy 9N 11A/1 Qver 2 1025-108 1 2
U-517 Grade A 118/1 Over 0.58 1000-1100 1 Y
W-517 Grade B 118/4 Cver 0.58 1000-1100 1 ¥,
#5317 Grade D 118/5 Over 0.58 1000~1100 1 Y,
W-517 Grade E 118/2 Over 058 1000-1100 1 v,
w317 Grads F 118/3 Over 058 10001100 1 1%
W-317 Grade J 118/6 Cver 0.54 100011040 1. Y,
Mu-517 Grade P 118/8 Over 0.58 1600-1100 1 oy,
 JA-533 Types A, B, C, D, 0.2 3/3 Over 0.58 1060-1659 v, 5 Y
SA-533 Typés B, D, CI.3 11A/4 Over 0.58 1000-1050 Y ; %
U-553 Types 1, I 11A71 Over 2 1025-1085 1 L2
SH-Y Ma 11A/2 Over 2 10251085 -~ 1 ; 2’
' |
Grades A, 8 1/4 None NA NA i NA
Grade C 1/4 Over 1% 1050-1100 -1 i Y
l - N
© Class 4Q 114/3 Over 0.58 1000-105Q 1 LA
Class 4QA 11A/3 Over 0.58 1000-1050 1 Y,
Class CA &NM &/4 Over 0.53 10251110 1 Y,
Grade B 11A/1 Over 2 10251085 1 2.
Grade 8 11A/1 Over 2 1025-1085 1 2
.
Class 4 11A/5 Al 1060-1050 3 | Y,
Class 4b 3/3 Al 1000-1050 Yy P
Types |, 1l 11A/1 Over 2 1025-1C85 1 2
Grade A 118/1 Over 0.58 T 1000-1100 - 1 Y.
Grade E 118/2 Over 0.58 1000-1100 1 A
Grade F 118/3 Over 0.58 100¢-1100 1 v,
NA mnal applicable
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Minimum Specified
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Time {Note (1)}
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Temperature, °F Temperature, hr Notes
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For aliipsoidal hasds Z minimum 2 Ty

but not less than 1/2 in, Minimum 2t
. I
Tangent line
- For ather hesds — minimum 2ty + 1/2in. Minimum $.3¢
71

N —

—t

— Minimum 1.3 e

—— 1
b~ : ?COGQQ@QGCGf\

L B

AN

th -

H€— Minimum 31, ¢ 1/2in. Minimum 2y, + 1/2in.
but ot less than 1in, but not laxy than 1in

{3} Single Fillat Lap Weld

For =ilipsaidal heads — minimum 1t
but not less than 1/2 in,

For etlipscidal heady — minimum 2¢,

) but not lass than 1/2in. Tangsnt ling ; > For other
Tangent line . ‘r o minim.u
Plug weld | +1/2in
st Far athar hewsds — minimum 2, + 1/2.0. i
I — - f— Minimum
fy o . e _J_ L
_TEL_ — Minimum ty - —_ :— \}
' ——1T7 4
. : | ta
) ol
Mot lent than 4 —1 Th
Minimum ¢,
- Minimum 3 = 2
Minimurm 4t ar 41, :
whichever iy lesy Minimum 31, + 1/2in. -
but notless than 1 in,
It} Double Fillet Lap Waid l¢) Ssngle Fillal Lap Weld with Plug Walds

Minimum 3ty but nesd nat excesd
1-1/2in. for all hesds

- ol \
- Skirt optianal "
¢ 44— Tangent line
5.
* ' I ty {—— Tangent line
L
th
Fé?/ﬁ’ﬁfgﬁi

Whan ,, i1 equat to or e1s than 7, ar
th sxceed: 7 snd a 1apared transition : Whan 1y encaeds £ and a taperad transition
- Ts not required per UW-13 [b) {3} . iy required per UW.13 (b {3}
Id} Butt Wald

FiG. UW-13.1 HEADS ATTACHED TO SHELLS
(See Tabie UW-12 for Limitations)
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Tangent paint
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(o} Sirgls Fillet Lap Wekd

s
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%
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Butt weld and filleg weld, if ugad,
shall be designed 1o take shear ag-
1-1/2 times the ditHarantial prasure

than can exige,

Nead nat exceed 1 in.

—1/2 |n.

i

A

21, minimum

T
v

minimum

INNNN

AVSZENNN

\}\\W

- Minimum Jrh but naed not axceed
1-1/2n.
Tangen Ilm—..__,_1
ty Minimum ¢, {
ol LY 7] ‘ ™
q b 1
fh _k
— Minimum 1.3 r fi2
Gptiansl — H4— Midimum 2r‘

s
I

11]

Butt welid H/l"’

15 dag. - 20 deg.

/

Seal ar filler weid

[s0e UW-13 lc} (2}]

if] Imermediste Haad
Loy and fpo may be different

Sk atchay {9}, k), and {j} are not permissibie

2-1/2t maximum

Beval optional w /—

1 minumum

7
—~
v
7

A
\

' * Ag deyired

1121 minimum

1 tar

Avoid sharp break

Depth of attser = r
Freisure on this sida

= 5/8 maximum [ses Nate f1)]

NOTE:

i

i1) Fer joint CoONnNecting hemispherical heads
1@ shellt the following shall apply:

{a) ror fy = /8 in. manimum;

(B} maximurm diflerence in thicknesy
between [ and ty =~ 332in;

{e) use of this figure for joints con-
necting hermispherical haads 1o 1heily

shailbe noted in the
at the Onta Repan Form.

{k) Burt Waid With Ona Plata Edga Ot mt

FIG. UW-13 1 HEADS ATTACHED TO SHELLS (CONT'D)

(See Table UW-12 for Limitations)
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)

Length of required l ¥

I3 taper, 2 may include o
the width of the weid : e f}

.“] {m)

In &Il caser, the prajectad length of taper € shall be not tess thar Iy,
Tha 1heil plate cantar 5ine may be an sithar side of (he head plate cantar line,

th
¥ ) _l ' Tangen: line
i o]
>3y I 1
B
1

———I < 12y - r)
' _ — ™ l“"--— <SV2ley -2
— pe—- t, _ ' : t
| {

{n] .

Thinner part

Thinnar pan

in 8t carma £ shall nor be tess than 3y when 1), sacreds ¢, Minimuemn tendth of akirt is 3ty but need nat sxceed 1-1/2 in. axpent when

neceiary o pravide required langth aof tepar.
Yihen th i1 equal to or lest than 1,25 t;, the langth af skirt shail be wuilicient for any required taper,

Langeh of required tapar § may include tha width ol tha weld. The shall ptate centar line may ba on sither side of the hes
center ling, . : :

FIG. UW-131 HEADS ATTACHED T0O SHELLS (CONT'D}
{See Table UW-12 for Limitations)

i

Digte




88 1 ulal hs i shadata)T S pacmil

-

TV I Ty

ASME Section VIIT gulwiy Uis ciad 0)ds 5)Tign OilBalls

S 5l e Jule Sldas J5ue

‘.J_‘.'u_ ;:-:—_-l [P aJ'i_Ul Gl 5 u_'..s_,

BE --:-ul(j\jdjl‘i-:)-?jj._r—;JJ!J—"QL:L;.

Ay ey Sl

LR e N L LG

[y

sk TY P-1
G AT AL bt s L TA 225 gy S sl
352 ol af Kl (d}.a:.._lﬁ.!..}xva.“uf.”.

b 1 F P-3

(72190 S5 o Sia 0y (5500 5Y 4

(Y S ST S U by

_"—I‘:'J

L

:;i_Ly_,.;LgidL,;_Jqu_JdH——:Rdlﬁ

ALl TR R ¢S

J—:LJ;A.:J.:.J \T/V Sl S c@'fﬁlbrl

U LT e e o 4o
SRy Sl s g Slles il 51 Sl

P-4
(2203 Y 3o /Y0 g 5o 0y 55UT s

AT/ pStam SUTI8) 63U sy i

b S S Bl KT Gl U P4 s

AT Jl‘,g:f'l.... a3 VPR

P-5

(eus Ve e SUTS) U s

P-9

J5 3T sbaY,

UCS50 Jyus ASME _L:ft_gbd_,d.za‘i LS o S T -V J PYC R b

3,2 -l
- -t
-4




07 £ Olnl casze e slgiula)T 3 55 g ol

= ASME Section VI uslol 1 s Cia5 Bilas )iy

G PSR
| [~

Concave

Convex fillet weid h
: fillet wald

Theoratical throgt —.

AY .
Size of =~ s
e Equal-leg fillet weld Size of

Concove

ex Fill :
Convex fillet Fitlet weld

Leg

Thearetical size
throat

L ,}<—Leq size—-{ - 7 L f-‘—‘L.eg size—\—‘{ 7

Unequai -leg Fillet weld

Leg
size Theoretical

throat

Fillat weld size.

For equal-leg Allat welds, weld sire i measured by the leg lengeh of the largest inscribed right
tsosceles (two rides af equal length} triangle. Therefore,

Size = theoretical throat
= 0.707

For unequalileg fillet welds, weld size i measured &y both leg lengths of the largest right try-
angle that ean be inscribed within the weld crasy section. Far calculating the allowable load
that can be carried by a fillet weld, use the throat dimension. For.rho;fr dmw{ﬁgx, wse the leg
dimemsions,

1" .
“Haz-z” "HAZ-3" Ta Mazimum

* Lacate after etching sothat moximum amaunt of heat - o f Fected ore material
is gt the notch, -

For weiding procedura *hahagt - g ffected rane need not haimpact tested when basa
materialis exempted fromimpect fests, ( COQRE PAR UG 84)

Wald metal and heat-affectad tana locations for Impact test specimans.

u)lp)ﬁbumaunp).bm).m L_).IuLn)T&J}m SESIIPE Stals
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9> Ol od i

| - RECORD OF WELDED REPAIRS

i3isto certify tha! the lusion-welded repair made by or under the direction of the undersigned

=

on - and consisting of
tiale of rrpules
I (Doacription of Repale?
INwmr of original mangisctursrs 1Type Vesaeld I Jurtadictinm Na1 . INetT Hd, Nay Yr, Hailty
| located in the plant of
. tName o (bwaer)

Al

tAddres of Flaai

was made in accordance with the requirements of the National Board of Boiler and Pressurc.

i Vessel Inspectors Chapter VI for Repairs by Welding to Boilers or Pressure Vessels and thal the

welding was done by
INarnve of Quaildbed Welder)

who has met the test requirements of said rules.

[: [Ngle: Draw a skeich Lo show the repairs on back)}

_‘ e —

| i ' Name of Repair Firm
Signed By Date _____
l _ ' Address
Dale
T Awthar ied | maprector s Socnapore |
|

Namr of jpectiem Aarsey Fmplered Ny

A ‘ Record of welded repairs. {National Baard of Bailer ond Pressure Vessel Inspec-
tors.) '
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Exgmpie |

L0 THICKNE SS CALCULATIONS

Jaint efficiency, E = L0 lno Jointsin head )

Allgwchle streas

Fult radiography of Cateqory 8

.(
or C byt joint per UW =11 (g ),
I
Seamless hegd
Se omie-_u shell - . .

SHE

{00 %

I T

—_

h 4
INRIASSIANNI R uINI

B

LG THICKNESS CALCULATIONS

CIRC

UMFERENTIAL STRESS

Joiatieflficlency £ = 1.0 {no laint n shell}
Allowalle stress 3 100%
LONGITUDINAL STRESS

; 1.0 &TyleoJBch int )
Jaint| «fficiency E= .90 Type Na. 2B or C jeint)

Allewaltle strass

= 100%

Section VIII (wlw) s Cusd gjlas silSibga OiBiala

Eaigmple 2

HEAD THICKNESS CALCULATIONS

Joint efficiancy,E = 1.0 (no joints In head)
Alowable stress = 00%,

T I TIOT

l|__Partial redisgraphy of Catsgory B
or C byt joim‘peruw_—ll (a){5],

Seamlasa head
- | Seamiess shell

MNates:

1. Portiol radiography inoccardaonce
with UW-1{a}(5)(b) iy allowed anly
for Types 1and 2 of Table UW-12,

2. For longitudinol stress shell
colculations calymn (b ) of Tabie
UW-12isused. See UW-~12(b ).
first paregraph. -

-
IO HTIT

b1

SHELL THICKNESS CALCULATIONS

CIRCUMFERENTIAL STRESS

Jaint efficiancy, E= 1.0 { nojaints In shali)
Allowable strasy = 100%

LONGITUDINAL S5TRESS

.ﬂﬁ(TyDiHQJBDrCHn'](UW-lZ(b”
Jaint ef ficiancy , E = .80 (Type No. 2B or Cloint ){ first par)
Allowatle stresy = 100%

Examples 1 and 2.  Elements of jeint design for heads.
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Eigmple 3

HEAD THICKNE 55 CALCULATIONS

Joint efficiency  E = 1.0 [Nojointsinhead }
Allawadle strass =z a5, tuw-12(b)
secand par. )

_—

T I

Spot radiography of Ceteqory B
or Cbubrjoint per UW =11 (8] —]

Seomless heed
Seamiess shelt

Motas:

I.Forheadand shell thicknesy calculatiom,
the strevyispenalizad 15% becausa anly
scotradiographylsused onthe attachment
weld. Refer bo UW-12(b) second par..

n

-Inaddition tathe 15%, stressreduction
describedin (1) @ reduction |a jalinr
efficiancy isused for longitu-
dinal stresycelevlotions tothe
shell asreguired for spot
radiographyin the first par.
af UW-12 (b},

r
T TITIIny:

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

Jaint efficlancy £= 1O [No Jointalnshell}
Ailowoble stress = 83% (uw-12(blyecond par.}
LONGITUDINAL STRESS )

.85 {Typw No. 1B of Cjeint) ’
Jolat efficiancy £ .80 { Type No.28 or € joint }
Allowable strass  2100% (UW-t2(b} secand par. }

Examples 3 and 4. Elements of joint design far heads.

ASME  Section VIII [wlwly jliis ciaj oilas 5yl

Examgple 4

HEAD THICKNESS CALCULATI)

st

NS

Joint effic'ien:y,E 21.0 (Mojeintinhead)

Allowable stresy = 80 % {Uw -12|(

TOIIOT L T

but? jaint per Uw-11{c)

Seamless heod
Seamiess shall

Heteg:
I'Nhen vaglveis fouen Fram calumn {c) of|

UW.-12 , thisvalus already hos a radyd

of stress af 20% incorparated inte

itisused far the valueof £,
2.Except for flangeand broced gnd st g
¥ surfece calculations, Par UW =12 (¢
IO T requires c raductian af 20%. o
ailowable stragy From tre Tobis
Subisection C whenavalueisng
tohen from Table UW -12 colym

L
SHELL THICKNESS CALCUL ATIONS

CIRCUMFERENTIAL STRESS

Joint afficiency E = 1,0 [ Na joint Inshetl }
Allowable stress = B0% (Uw-t2(c))

LONGITUDINAL STRESS

.70 {TypeMc. 1BorCjolnt}
Jaint ef ficiency, £ = .65 (Typa No. 28 aorClaint}
Allowable stress = 1QQ %

.| Naradioaraphy of Caregory 8 4r

Yy

Table
fign
znd

Fthe

b in
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HEAD THICKNESS CALCULATIONS

Example 5

Jointeffielangy £ = .90 [ Type Na.2AJint}
Altowable stress =100%,

Full radiography

1.0 {Type Na |Ajeint)

of Categary A

et Slatnla)T g 5,lbsa cyaml

bt jolntin head gar Uw - 11 {q) ’*\
T T IO LT
Full radtogrephy aFCuileqary 8 __,__—
or C bult joirt fed UW-1110g )
Weldad heod. :
Segmless |shell B
v
T
SHELL THICHMNESS CALCULATIONS

CIRCUMFERENTIAL STRESS

Joint efflcie
AHowagble st

hey £ = 1.0 { Mo Jointsin shell)
rana = 100 %

LONGITUDINAL STRESS

Jolnt eff|c}

1.D {Type No. 1B or C joint)
gndy, E= 90 (Type No. 28 ar C Joint)

Aliowahle stress = 100,

:

X

amples 5 and &.

ASME  Section VIII (wbul 3 llis Cia3 gilas SyEgs Slhalls

Exampls 5

HEAD THICKNESS CALCULATIONS

1.0 { Type No. 14 oint )
Jolnt efficiency E= .901{ Type Neo.2Ajoint}
Allowoble streas = |D0%.

Full radiegraphy of Cotegory A
f: butt joint Inhead per UW-11{q}

TITTIXTITIS

—Partial redlography of Cateqgory 8
or C bul joint per UW-11{a ) {5{

J,/w,____,.__q Wealded head
Segrnless theil

Nates: -

L. The head is considered fully
radegrophed per

uw-n{aH{s){b)

2. For longitudingl strasy shal

k coleulations column {b ) of

ISTREat A ANRAL; Table UW~12 isused as

requlred by UW-12 (b)),

First paragraph,

L -

SHELL THICKNESS CALCUL ATIONS

Elements of join! design for heads,

CIRCUMFERENTIAL STRESS C_

Joint afficiency, £ 2 1.0 { No joints In shell}
Allgwable stress = 100%

LONGITUDINAL STRESS

© .83 (Type Na 18 or C joint)
Joint efflciency, E = B0 {Type No. 28 or Cjoint)
Altowable stress 1 100 %
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Ewoinple 7

HEAD THICKMNESS CALCULATIONS

83{Typa Nao.1A joinl )
Joint ef ficlency, £ =.80{7yps No. 2A joint)
Allgwable strasy = 100% -

Fullrodiogrophy af Cotegary A
butt joint Inhagd per UW-11{a}

—
T TITTIITIOT

Spotredlographyof Cotagory B e
or Cbutt joint par Uw - 1t{b)

Waldad head LI.
Seam|asy shelt -

Notes:

|. Bacgusathe Catsqery Bor C jaint
Isnat partially or fully radiogrephed,.
the Eof the head cannat axcead the E
of Catagary Bor Clont, Refer to

UW-13{al {5} ), .

h 4
TP TTERS

| —]

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

Joint efFiclancy £ = 1.0 { Nojointin shall)
Atlowable stress = B5% (UW-12(b) second par.)

LONGITUDIM AL STRESS

85 Typatia 18or G Joint}
Joint afficienay €2.80 [ Type No. 28 or C joint)
Allowabls stress  =100% (UwW-12[b]second par.}

Examples 7 and 8. Elements of joint design for heads.

ASME  Section VIIT gnbul y s caad gilas syish

Exginple 8

HEAD THICKNESS CALCULATIONS

E
B
Ci
b
£

85 Type
Joint efficiency,E = .80{Typa

Allgwablestresy = 100%

Full radiegraphy af Cate
pintinhead per UW- 1t

~. _ toradiography of Categ
bt joint par UW-11 (g

‘Welded heod
Seamlesy shetl

Hlotes:

UW-52 for tha vesselt

v spot radiogrophad.

O ITTT

| D |
SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

Joint ef ficiency,E= 1.Q {Najalntin shail)
Allgwabls stress = 83% (UW-12{b)yacond

LONGITUDMNAL S5TRESS
.853(Typs No.1Bor C |olirt

Allawable stress =2100% {UW-12{b)second

I, L1is assumad that the fitly
radiograophad jolatinthe head
satisfias tha requirementyof

Jaint efficiency, € = .30{ Typs Mo. 2B or C Joint)

M. 1A jaint)
Mo. 24 joint}

qory A byh

ory BorC

qha

par.} -

bar.)
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Example 9 e Example 10

l HEAD THICKNESS CALCULATIONS

HEAD THICKNESS CALCULATIONS

-B5{Type No. 1 A joint}
= .BO(Type No.2A Joint )
Allowabiestress = 100%,

8% (TypaNa 14 jain?) . )
Jalnt efficimney E = .BO(TypeNC.EAhiM] . Jaint efficlancy E
Allowable sirnxs =100 o,

Spotradlograp hy of Categary A Spot rodiography of Category A buit

I butt joint Inheod per Uw -11 (b } K’ Jeint In head per Uw-11 (b}

LITTTTIYITT LT IO TITTY
Full rodlography of Categary 8 or —— : |__Portiol redlegroghy of Category Bor C
i C butt Jont par UwW- 11 (g ), : butt Joint per UW-11{a (%)
Waldad hkad : H ﬂ ) § Wetded hacd
Seamldsa shelt

Seornless shell

Nafu‘ :

1. Bacausa the Cht Bgory A joint fanot
fully radlagrqph e, tha E of the
I haod cannot sxqeed the £ of that

jolnt, s .
[yassidcantanangsi PO T
H
1 . JJ"_"‘-———‘-L._,——H_-
SHELL TH; LKNESS CALCULATIONS SHELL THICKNESS CALCUL ATIONS
CIRCUMFERENTIAL STRESS . CIRCUMFERENTIAL STRESS
Jolnfaffi:lenCy,Ea 1.0 (Nojoint in shell } . .Jdolntefficlancy E= 1.0 {Na joint inshail}
Allowabia strays = 1009, Allowoble strass = 100%
LONGITUBDINAL STRESS LONGITUDINAL STRESS )
"1.0 (TypeNa 1B or C jaint) -85 { Typa Na. 1B or Cjoint) (UW-12)
Joint efficlangy E= 90 { Typs Na. 28 ar Cjaint) : Jaint efficlency, £ = .80 { Typa Ne. 28 or Cloint Hb) first par )
! Allowable stress = 100, Allgwable stresa = 100 %,

Examples 9 and 10. Elernents of joint design for heads.
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- Exgmple i

HEAD THICKNESS CALCULATIONS

.83( Typa No. 1A |oint)
Joint afflclency € = agy Tyos No. 24{alnt)
Allowable stress = 100,

Spat radlography of Cateqory A
burtt faintin head par Uw-1t{H

LITITIITTITIT

e

Seat redlography of Cateqgeryg —
or C but for Uw - |} {b}

4 Welded head

Seamiess vhail

F_.,_JJ_

Motas:

- | Thenumbarof spot radingraphs
hacessory ore asrequired in
Uw-52,

4
E8IBLASUNERERNSS]

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL 5TRESS

Joint efficiancy &
Allowabis strasa

1.0 {Najointsin shall]
85 % {UW-12(b) secandpar }
LOMNGITUDINAL STRESS

.85(TypeNo 1B or Cjoint)
Joint e #¥iclency, E= .80 Typa No. 28 ar C joint)
Allowoble strass  =100% (UW-12{b )} second par.}

o

Examples 11 and 12. Elements of joint design for heads,

ASME  Section VIIT sl 3 ylhs Cia3 Oilha mcuiu OlBalla

Exampie 12

HEAD THICKNESS CALCULLATIONS
-850 Type| Mo 1 & jolnt}

Jaint efFiclaney E = 80 (Type No.2A jolnt)

Allgwable strasy =z 00 Y,

i

Spofrcd(uqraph;of Cate oryAbﬁH’
jointinhead par UW - {1 {b)

ITITTITITIIITY

\ Morodiogrephy ot Cotagory BorcC
bul jaint per UW-11{c)

Welded head
Seamlesysha|l

Hotes:

LIHsassumed that the pot-
radlagrophed jaint in | ha head
sallsfles thernqulraments of
UW-32 for the vasse! [ohe
spotradicgraphed.

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

Jaintefflciency, £2 1.0{ No walded jeint in shal
Allowable atresy = 85% (UW-12 (b} sacond par.
LONGITUDINAL STRESS :
.B5{TypaNe. 1BorC joint|}

Jaint afficiency, E = .80 [ Type No. 28 or CJolnt
Allowoble strass = 100% (UW-12({b} yecond par.}

-
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Exgmple 13 Example 14
i . i
HEAD THICKNESS CALCULATIONS HEAD THICKNESS CALCULATIONS
B85 (TypeNo. 1 Ajoint) -B3{ Type No. 14 joint}
JolnfeFFchency,E =.80(TypaNc.2A joint} ) - Joint efficlency,E =.80{ Typse No. 2AJaint)
Allowobls xtrpsy = 100, . Allowable stress  =100%,
[ |
Naradiagraphy qf Category A byt Na rodiagraphy of Category A butt
foint in haod per w-11(¢ ) joint Inhead per UW-11{c)

INNAANESARERARYont

N

Full rodiography of Categary Bor_|
C butt joint paf U -11{a}

.| Welded| haad
Seamlessshal -

- Parilulrudioqruph; af Calegory Borc
butt Jolnt par UW- 11{a H3)

M‘U ' : J_L—\,FVJJ Welded head

Seamlenry shall

Note . MNote :
‘L Itisasyumad thatthe fullyradiagraphed . .1t s assumad that tha partially
Categery Bor ¢ joint aatisfies the ) ' raciegraphad CategqoryBorcC joint satisfles
“ requlramanty of UW-B2 for tha haad ta : ) theragquiraments of UW-52 for the haad
ba spot radlegraphad. B ‘

to b spat rudicgraphad,

Y : y
0TI

SHELL THIGKNESS CALCULATIONS | - SRELLTHICKNESS CALCUL ATIONS
| CIRCUMFERE N TIAL STRESS

CIRCUMFERENTIAL STRESS

"Jolnt afficlensy E=1.0 {No Jalnts inshsil}
T Allowable atrpyh T100%

LONGITUDINAL|STRESS

1O (TypaNoe. 1B orC joint)

90 ([ Typa Ne. 28 orCjolnt) Joint efficiency , €
100 %

Jalnt afficiancy, £ 1.0
Allowabls stress = 100%

LONGITUDINAL STRESS

-85 {TypaNa. 18 ar C Joint)
.BO {TypaNo. 2B or C Joint )
100 %

Examples 13 and 14.  Elements of joint design for heads.

Joint ef‘flclercl,Ez
Altowable strpsy =

I on

Allowable stresy
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Frrmple 153

HEAD THICKNESS CALCULATIONS

-BS5{TypeNo 14 jeint}
-80{Type Na.28jairt)

100 %

Jaint efficiency E =
Allowable stresy =

Mo radiography of Category &
butt Joint in head per Uw-it{¢)

T ITTTTITIT

Soot radiography of Categaryg -
or C bult joint per Uw - 11 {b)

Walded heod

Seamless shall JJNF\—"J“

Nofa:.r

L. 1tis assumadthat tha spotradiograchad
Category Bor Cjoint satisfias the )
requiremants of w- 52 for thevayysl
toba spot radlographed,

T IITTY

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STAESS

Jolnt efficlency,E= 1.0 (Ng Jolntsin shait)
Allowable stress = g5 *, {UW-12(b) sacond par. )
LONGITUDINAL STRESS

B3 (Typa No. I1BarC jaint}
.80 {Type No. 2Bor Joint )
=100% (UW-12{h) sacond par.)

Jolnt efflciency £ =
Allowabie strass

Examples 15 and 16.

ASME

Elements of joint design for heads.

Section VI{I (wlwl pylhe Ciad gilas Hlihgs OlBalls

Example 1§

HEAD THICKNESS CALCU

LATICONS

© Joint efFiciency E = 55 Typ

Aftewablestress = 109 e

jeintinhaad per UW -1

_MNoradiography of Catep
bult joint per UwW-11 {c}

Welded head
Secmisss shall

Noter:
V. Whena vatuslstaken fram rglyn
Table UW-12, thisvalye Fready

2.Ezcept for Fianges and braced

IIIITTTHTITTTY

altawabis strassas from A
InSubsactien € whana va
taken fram Tabts UW-12
column (¢ }.

1 A
SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

Joint efflcisency , E= 1.0 {No|aintsinshal}
Allowable stress = BO% (UW-12{c)}

LONGITUDINAL STRESS

.70{ Type No. 1Ber C taint)
.65{Types Na. 2B or Claoint
IOOO/.

Joint af ficiency, E
Atlgwable stress

J04{ Type Mo. 14 0int )

Norodiagraphy of Categony A bu#t

reductionof stress of 20%, intorporated
inteit,ond [tisusad for tha valgs

nnd staysd
surface caleculations, Par, Ywi3 {e)

requirss araductionof 20, of the

No. 24 joint)

oryBorC

nifec)af
haosa

ef E,

afables
us lsnat
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|
Exarnple 17 Example I8
A A
Il HeAD e *NESS CALCUL ATIONS '

" HEAD THICKNESS CALCULATIONS

Jalnt efficiency £ = I.O(Nojo]nfslnhead]

Jolnt &f Flciancy £ = 1.0{MoJoinisInhaad)
Allowahle sfrasy = {00,

Allowablastress = {pgoy,

Full radiography of Category B or

CBuit Joln par | U - 11 [q) \

PO,

Portgf rodlogruphy af CotegoryBor
Coultelntper UW-1t (o) (5}

Fill radiograg hy|af Catagary &
l butt joint In sheil bar Uw - H{a)

Full radlography of Cate ory Abuft
lolntinshellpor Uw -1 Fa]

Saamlas
[ Weidad o

1 haad

]

Notes:

Seamless hend
Weldad shell

L. Thehaadlsconaldersd fully rodicgraphad
per UW-11{a}(%){b}.

2.For lengHudinal strams catculatlons for the
shell, column b of Table UW-12 Isusad as
rnqu‘red by UW-12(bl, first par

v b A forclrcumferantiof stress
nEdREatNNIY LRSAANRINEY “calculations column a of Table
UW-12 [3used for E a3 parmitted
by UW-14{a}(5)(b).

| .‘ SHELL THICKNESS CALCULATIONS SHELL THICKNESS CALCULATIONS
i"—**—____
! CIRCUMFERENTIQL STAESS CIHCUMFERENTIALSTBESS
1.0 {Type Mo, 1A4]oknt) : 1.0 (TypeNa, 1A Jaint)
- Jalnt iffictangy |E = .90 {Type Nao. 24 joint) Joint af ficlency, Ex 20 {Typs Ne. 24 joint}
Allowabie strens| = 100 %, Altowable stress = 100,
LONGITUDINA L STRESS . LONGITUDINAL STRESS
1.0 { Typa Ma. !B or C joint } -85 {Type Mo 1B or £ jolnt
Jaknt effiglan Y E= .80 (T;gu No.2Bor £ Jaint) Joint ef ficiency, E = B0 (TypaMo.2Bor Cloint
H Allowable strens| = 100% Alowable stress = {00
Examples 17 and 18. Elements of joint design for heads.
|
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Example 19

HEAD THICKNESS CALCULATIONS

Jelnt efflciency, E = 1.0 (Nojelnt sinhaad)

Allowable stress = g3%{uw-12{y)
sacond par, )

Spot radiography of Category B
or Cbutt joint par UW-H [b)

Tl

Full redlography of Cotagery A
butt Jelnt In shell par UW- 11 {a)

Ssamliess haad
Waldad shall

Notes:
1. Becouss the Category BarCloint ianat
partlally ar fully radicgraphed, the E of

the shall cannot excand tha £ of the
Category Bor C jalnt,

2. A15% raductlon instrassls
impossd for haad thicknass

LTI CITTPIT IR EET

K.

TITITYTTT

JIXIITT

cateulatlons per yw-12(h },
sacond par.

SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL STRESS

B3{TypaNo. tA}oint}
Jolnt efficlency, ,Ex B8O (Type Mo, 24 alnt)

Allowabls strasy = 100%
LONGITUDINAL STRESS

.83 { Type Na. tB orC joint)

Jolnt afficiency,E =
Allowable eirass = 007

Examples 19 and 20. Elements of joint design for heads.

B0 (Typa No. 28 or C jaint }

Examele 20

HEAD THICKNESS CALCUILATIONS

ASME  Section VI jolwl ylis sl gilas S Edgs CiBal 4

Jalint afficiency £ =10

1scand p

2

butt joint per UW =11 (c

8N4 SREREEAd Al

=3
1]

L Fultradiagraphy of Ca
butt joint in sheli par U

E

Seamless hagd

Walded shel!

Note :
. I¥isassumed that the fully

radiogrophed Category Algint sotisflaa R
therequiramants of UW-%? for the
veasel o be spot radlograghsd.
1
[T IO T
SHELL THICKXNESS CALCULATIONS
CIRCUMFERENTIAL STRESS ’
B35 { Type No. 1A joint
Jolntefficiency Ex .80 [ Type Na. 24 ]olnt|)
Allowable ytress = 100%
LONGITUDINAL STRESS
85 { Type No. {Bor Cjglat}
t

Joint afficiency, E = .80 {Typa No, 2B ar C|gin
Allowable stress = 1007

AHowable strass = 85% (jUw-12(b)
ar. )

‘Norodlagraphy of Categ oryBorC

r1t(a)

qory A
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Full rodiograph yof Category Bor

Cbutt Jolnt par ]

Spot radicgrag hy

‘ HEAD THFZNESS CALCULAT'ONS

Joint ef ficienley , £ = 1.0({Kaoints In head)
Allowable ttreny = fOg o,

Exgmple 214

W-1t{a) \

IO T OO T

af Catagory A —
ar Uw -1 (b)

Ll

nall L

tutt Jalntin she I g
[
i Seamless head
Walded o
h Haote

. Bacduss thalC
Fully radlogra
connol excasd

| Aliowable stra
LONGITUDINA

i Jolnt affigian

Allowabia ytrass

Exq

oteqory A jointisnot
phad, tha £of thashell
the € of that joint,

TTTIOTIT

|
|
|
R

SHELL TH!:_XNESS CALCULATIONS
. CIRCUMFERENTIAL STRESS

B3 {TypsNo. tAalnt}

Jolnt afflclency,E= .80 (TypaNo.24]oint}

11+ 100Y,

L STRESS

B35 (Typa Na 1B or Cjoint)
ey,E=2 80 (Typa No. 2B ar Cjolnt)
3 100%

ASME  Section VIIT golwl yy s el gjlas )by Slhall

Exarnple 22

HEAD THICKNESS CALCULATIONS

doint affictency F = 1.O(NojoimtsInhead )
Allowabte strass = 100 Y,

Partial radiography of Categary 8
or Cbutt jaint per Uw-11 {a){5

T-LL.LLI..LUJ.II.LL

|_Spat rodluqrcphyoFCatnany A
butt joint in sheil par UW- 1 {b)

Seamlass head
Weldad shall

Notay:

1. In shall coleutation Tor elreum Farant lal
straes, Elstokean fromcolumn b of
Table UW 12 bacause the Cateagory A
Jolntlsnot Fulty radlographad.,

v 2.Thaheadis considerad fully
IO radiographed per UW-11{a}{ 5),

SHELL THICKNESS CALCULATIONS

CIRCUMFERENTIAL STRESS

-85 (Typa No. 14 jolnt )
Jolntafficlency E3 .80 { Typa No.24 joint}
Allowable stress = 100Y%. ‘

LONGITUDINAL STRESS

83 {Typs No. 1Bor C Jolnt)
.BO(TypsNo.2BarcC Jjoint)
100 %

Jaint efficlency €
Allogwable strass

mples 21 and 22. Elements of joint design for heads.
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HEAD THICKNESS CALCULATICNS

Example 23.

Joint ef ficlency € = LO({ Nojcint inhead)
Allowabte stress = 85 % (UwW-12(n)

1scand par. }

Spot radiogrephy of Category 8
or ChuM joint par UW-11 §-)

Spot radiagraphy of Category &

butt joint lashait far UW-1({b}

Seambess haad
‘Wealded sheil

Nots ¢

- 1. Thenumbar of spat radiographs

necesaary arg asrequired in
Uw-52,

5

IO IITITTITETT

| ]

i B o

1T

A J

IITIIAT

SHELL THICKNESS CALCULATIONS

CIRCUMFERENTIAL STRESS

.85 (Type No. 1A jeint}
Jaint afficlency Ex .80 (Typs Ma. 2A Joint)

Allowohis stress = 100%
LONGITUDINAL STRESS

.83 {Typa Na. 1B or C Joint)}

Jolnt afficlancy £ 80 (Typs
Allowable streyy  z 100°%

Na. 2B ar € Jaint }

- S ]

Exgmple 24

e

HEAD THICKNESS CALQULATIONS

ASME Section VIII (wbatyp s Qial ailas 5ytidgs Cilhslls

Jaint afficiency E=1.0 (N
Alowgbla strees = 89% |

second car. )

Mo radiegraphy of Qategory Boar

C butt jeint per UW -

TOITTITIRT

T 1l spotradicqrapby of|

butt jeintin shell par|

S=omless haad

salisflastha rquirem

radlegraphed.

TITTTT

TLIIITS

SHELL THICKNESS CALCULATIONS

CIRCUMFERENTIAL STRESS

- .B5{ Typsa No, 1A Joint)

Joint efficlency E= 8O { Type Na. 2A }olnt )
Allowable yiress = 10C%,

LONGITUDINAL STRESS

Joint afficiancy , E
Allowabla strass

85{Typsa No, 1Ber C
80 (TypaNo,2BarcC
}OO’/.

W on

Examples 23 and 24. Elements of [oint design for heads.

SRR |
Walded shall
Ngte }
i. Lt1s gssumad thal the {pgt
+ radiegrophed jointint

~UW-52 for vessel fabd spat

hipintin heod)
UW-12{b)

<)

Category A
Uw-it (b}

ha shail
nrisof
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Example 25

Example 26

' i
- HEAD THICH NESS CALCULATIONS HEAD THICKNESS CALCULATIONS
Jeint of Ficien cy,E=10 (Mojolntsin head) ' Jaint efficiency E= 1.0
Allowoble stresy = 100 %, Allowagble stresy = 100 %
| Full rndloqruphy af Category ' Par‘fiurradloqruphyof Catagory
‘chbuﬁ}cin?p!rljw-]l(q] \ _ BanbuifjoinfpurlJW—ll(o}(5)
' 8] TET

No radiography b Category A
butt Jalnt in shei| per UwW-11(¢]

H— Na rndloqruphyolta?eqary.ﬁ butt

jeintinshall per Uw-|| {e)
«:3“ | J r\_ﬁﬂ- JJ r\—’\h

Saamingy
| Welded s

Seamiass head
Welded shall

' Notas: .
Nate-: .
: s LIt lsassumed that thapartially rodlagraphed
1'? l’sauur\;ad ‘rhrle:u fully redlographed Bor Clalnt satisfley the raquiremants of
ategory B or|C felnt satisfias the w-3 thashel to b die had,
raquiramentsof Uw- 52 Far the shall | u 2 for tha shaH o ba spat ro grap

tabaspotradiographed. 2. Thaheodsatisfles tharaquiremants

y i for full radlography par Uw-H{a)
A VISSIANSNS {(5)(b), :
- ! I ! o 1
' SHELL THICKNESS CALCULATIONS - SHELL THICKNESS CALCUL ATIONS
CIRCUMFERENTIAL STRESS CIRCUMFERENTIAL STRESS .
83 (Type No. 4 |alnt) _ -B5 {Type No. 1A Joint )
ﬁ Jaint afficiency E= 801 Typ# No. 2A jaint) Jaint ef¥iciency, E= 80 (Type No. 2A]sint)
Altowable strass | = DO %, Allowable strass = Q0.
LONGITUDINAL §TRESS LONGITUDIMAL STRESS *
-85(Typa Ne 18 or Cjolnt) ) B3 (Typa Na. 18 or C lolnt){Uw -t2)
Joint effictandy, &= A0 (Typs N, 28 or Clolnt) Jaint efflciency, E = .80 ( Type No. 2B or Cjaint{(b) firat par. )
Allawable strass | = {00 Atlowable stresy = 100%,

" Examples 25 and 26. Elements of joint design for heads.
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HEAD THICKNESS CALCULATIONS

e  ASME Section VIIT (wlwlylha a3 gjlas gyfibgs Slaaia

Example 27 Exgrnple 28

A »

1

Na radiagraphy of Catsgarya

Jolnt efficiency , E = 1.0 {Najointin haad )
Allowabis strevs = 85% (UwW-~12(p)

sacond par )

Spotradiography of Cateqary Bar
-Chutt joint per UW-11{b)

HEAD THICKNESS CALCULATIONS '

.Joinr efficiency E =1.Q(Naliojatinhaad )
Atlawable stress = BOVa (UW~12(c) )

Ho radiography of CategoryBerC
'\ / buM jaintpar UW - 11

MBI FASRANRREANS jsnsadinanasd

_ _Horadiagraphyef Callegary A
buh jolnt per UW-11{c) ) L="""|| buM jainlinshell par UWF11{c)
Sesamiays head . . ' . Seamiesy head
. 4l o .
Waldad shell = et [

Note : . :
.If]!alaumudfhaffhespcrtradiaqraphed ) _ . When volue Istaken fromcatumn{c) of Tabis

Cotegory Bor C joint satls las the
requirements of UW-%2 far tha
vaysal tohanpatradiagraphad,

We:.dad shell

Nates: e

UW 12, this valusalready hasojraduction
alstressof 20 % Incarporatedinto it,and
itisused far thavolus of E.

2.Except for flange and braced/and s!a{ad

turfacs calculations, Par, UW <12 {¢
Y

raquirasaraduction of|20 % of ths
TS ' e gltowabla strassas fromihe Tahiasln
i Subssctton Cwhenavgluais not
takan from Table UW-12 column (e},
SHELL THICKNESS CALCULATIONS SHELL THICKNESS CALCULATIONS
CIRCUMFERENTIAL, STRESS . ) . CIRCUMFERENTIAL STRESS .
A5 {Type Mo, | A joint} T3{ TypaNa. 1A foint)
Jolnt afficlancy E=.80{ Typu No.2 A Jaint) Joint efficlency £z 653( Typa No. 24 Jaint)
Alfawabia strass = 100%. ) Allowabie stress = 1607,
LOMNGITUDINAL STRESS LONGITUDINAL STRESS
B3 (Typa No. | BorCloint) JA{TypaNa 1BarClaint}
Jatnt efficiency E=.80 [Type No. 28 or Claint) Jainb efficiency E = 65 (TypeNo, 2B or Cloiat)

Allowable atress = 100%

Examples 27 and 28. Elements of joint design for heads.

Allowable stress = 100 %
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Al

Ro
See

Fac

See Fig

Discord

Forplate 1/16 ¢ 3/4in thigk.

Harizantql
plane

welded in
5G or 6G
position

Welded pige 1/16t0 3/4in thick.

PQR sl 4305 (50 557 5 i §

Order of removal of welded transverse fest specimens,

ASME  Section VIII ulw) 3 )ls AT gjlas SYEigs ClBalls

Discard .

E e —_ = = ADD_10”

— .
S App Q" —— .,

R V/A—

For plate over 3/4in thick.

May also be used forplate 3/8
to 3/4in thick. :

Welded Pipe

Tensile tes+
See Fig. 6.5,

Side bend

welded in

5G or 6G
position
%"’Q Side bend
Tensile test
Welded pipe over 3/4in ‘thick, A
May afso beused for pipe 3/8
10 3/4 in thick. ;
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Face and rogt " N Foceand root

piate ji_ ‘l__ pipe
] E 2 ]

i (L 1
RS

Sidébend
‘ _ plateor pipe
L T i—r — [ e |
: F e T rgte thick hereti
_ _ T = Plate thickness wheretiso
l \ / —j 1-1/2" cut specimens into e

' 5" Min.. ‘ strips betwzen 3/4"and i

*cor meterial lessthan 3/8" see Code Fig.Qw 462.30.

Preparation aof face, root, and side bend specimens.

- Plgte specimen

|
t— 4 Approx. 10"

Widest edge
of weld

W= Approx, 1 —;— where tis 1" orjess

w=Approx. 1" where tismorethan "

Pipe specimen

L=

Widest edge
of weld

sl

i

bl

R

10" Approx —— ——"

e

-~

(Na'2 *ngt the pipe spaciman gnd the plete spatimen dif f2- 0 size )

Preparation of reduced section lensian tedt speciment,

ibqg‘nbfimﬁ_a

142,
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+1 APPLICABILITY OF THESE
STANDARDS

These standards are applicabie to ferritic, austenitic,
and nonferrous materals,

42 " TERMINOLOGY

{a) Rounded Indications Indications with a maxi-
mum length of three imes the width or less on the
radiograph are defined as rounded indications. These
indications may be circular, elliptical, conical, or ir-
regular in shape and may have tails. When evaluating
the size of an indication, the tail shall be included. The
indication may b¢ from any imperfection in the weld,
such as porosity, slag, or tungsten.

{bj} Aligned Indications A sequence of four or more

rounded indications shall be considered to be aligned -

when they touch a line parallel to the length of the
weld drawn through the center of the two outer round-
ed indications.

{c) Thickness L ! is the thickness of the weld, ex-
cluding any allowable retnforcement. For a butt weld
joining two members having different thicknesses at
the weld, ¢ is the thinner of these two thicknesses. If
a full penetration weld includes a fillet weld, the thick-
ness of the throat of the fillet shall be included in t.

43 ACCEPTANCE CRITERIA

{a} Image Density. Density within the image of the
indication may vary and is not 2 crterion for accept-
ANce Qr rejeciion.

399 e Oyl

APPENDIX 4
ROUNDED INDICATIONS CHARTS
ACCEPTANCE STANDARD FOR
'RADIOGRAPHICALLY DETERMINED
ROUNDED INDICATIONS IN WELDS

ASME  Section VI pwlol )y ks Qaad gjlas sylSibes lBbalis

(b) Relevant Indications. (See Table 4-1 [for exam-
ples.) Only those rounded indications which exceed
the following dimensions shall be considered relevant,

Yot for ¢ less than Y% in.

Yea in. for ¢ from 4 in. to % in., incl.

%, in. for t greater than ¥, in. to 2 in., igcl.

Y% in. for t greater than 2 in. ‘

(c}) Maximum Size of Rounded Indication. (See Ta-
ble 41 for examples.} The maximum permjssible size
of any indication shall be %¢, or %, in., whichever is
smaller; except that an isolated indication| separated
from an adjacent indication by 1 in. or mare may be
"1, or ¥ in., whichever is less. For ¢ greater| than 2 in.
the maximum permissible size of an isolated|indication
shall be increased 1o % in.

(d} Aligned Rounded Indicarions Aligned rounded
indications are acceptable when the summation of the
diameters of the indications is less than ¢ IL a length
of 121. Sec Fig. 4-1. The length of groups|of aligned
rounded indications and the spacing between the
groups shall meet the requirements of Fig.|4-2.

(e} Spacing. The distance between adjacent rounded
indications is not a factor in determining poceptance
or rcjection, except as required for isolated jndications
or groups of aligned indications.

{f} Rounded Indication Charts The rounded indi-
cations characterized as imperfections shall|npt exceed
that shown in the charts. The charts in Figs. 4-3
through 4-8 illustrate various types of assorted, ran-

. domly dispersed and clustered rounded indjeatians for

different weld thicknesses greater than Y% in. These
charts represeat the maximum acceptable|¢pneentra-
tion limits for rounded indications. The chalrts for each
thickness range represent full-scale 6 in. radiogrephs,
and shall not be enlarged or reduced. The distributions
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L1) This Tabke contaj

Ns examples only,

TABLE 4-12
Maximum Size of
Acceptable Rounded Maximum Size of
Indication, In. Nonretevant
Thickness ¢, Indication,

L Random Isolated in..
Less than v, Yt Yt Yat
Yo 0.031 Q.042 0.015%
Y Q.047 0.063 0.015
PA C.063 0.083 9.915
Yo | 0.078 0.104 0.031
Y 0.091 0.12% 0.031
M 0.109 ’ 0.136 0.031
Y, | Q.125. 0.148 0.031
% |04z a.188 0.031
| | 0.156 . otz c.031
i Y 0.156 0.230 0.031

i o
) Y. to 2, Incl, 0.154 0.25¢ - c.on
i Over 2 |0.158 0.175 0.063

NQTE:

ASME  Section VIII (st p jihs CiaT gilas SiEbga CylEalls

shown are not necessarily the patterns that may appear
on the radiograph, but are typical of the concentration
and size of indications permitted.

(8) Weld Thickness t less than ', in. For ; less than |
% in. the maximum number of rounded indications
shall not exceed 12 in 2 6 in. length of weld. A pro-
portionally fewer number of indications shall be per-
mitted in welds less than 6 in. in length.

th) Clustered Indications Thae lustrations for clys-
tered indications show up to four times as many in-
dications in a local area, as that shown in the illustra-
tions for random indicatians. The- length of an !
acceptable cluster shall ttot exceed the lesser of 1 in.
o7 22. Where more than one cluster js present, the sum
of the lengths of the clusters shall not exceed | in. in
2 6 in. length weld.
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* 1939 SECTION VIII — DIVISION |

RANDOM ROUNBED INDICATIONS

Tyorcal coneentraran and sise permitted
inany &in. tength af weld

ISOLATED INCICATION

CLUSTER
Maximum 3ize p2r Table 4.1

FIG. 4-3 CHARTS FOR ¢ EQUAL To Y. to Y% in, INCLUSIVE

-_- - ' . . * »

RANDOM ROUNDED INDICATIONS

Tyoical concenteatian and Size paremstrag
W any §n. lengeh af weld

———
. L S ..
. . - - '
¥ ' 9. e’
» aen ’ -' iy
v v .
Tin, lj 1in
|
ISOLATED INDICATION CLUSTER
" Mazomum size par Tapte 4.1

FIG. 43 CHARTS FOR ¢ GVER L, In. 1g Y4 in., INCLUSIVE
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APPENDIX 4 — MANDATORY

’ . L a
. » L] . . . . ’ ]
. . * . . '. . ] » ’
. * . . . Lo . "
- f
e [ ” . . . » * . a ... . * - . - . «
. . N . ..-
RANDOM ROUNCED INDICATIONS
Tyacal cancentration and wze permitied
in sny B 1A, lengih ot weid
L - » 7 .t % .
. [ B
L | I ' .'
R voe o, P = 4 Lo
. * L] - - .u - . ‘e - roT
P V. e e
- ’ ‘ ‘e PR
1. lin
i

ISOLATED INQICATION CLUSTER
Maximurm size par Table 4-% :

FIG. ° CHARTS FOR t OVER % in. ta % in., INCLUSIVE
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RANDOM ROUNDED INDICATIONS

Tyarcal concantration and size pererotied
inany B in. length o! weld.

- s * . £ -+
[ « . #
LT 0 s f- . .
. . - * r .- P Y
. ., s
}‘ Tin 1in.
I {SOLATED INDICATION CLUSTER
Maximum size par Table 4.1 I
' F1G. CHARTS FOR ¢ OVER Yain to 2 in, INCLUSIVE
[ S— ‘ —
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o7 & . ' [ ] ’ ¢ . ¢ ’ :
| . L ' ' o [ 4
' . ' (N ' N .
] * . ’ * L ¢ [ ] ' .
' ] . ' ' s » . LI . )
. . ’
. ? ' 4 v
‘ ' ' LA ‘ " 4 ’ ' T
. . . . * ’
- *
L ! . : ‘ L] 0‘
RANOOM ROUNDED INDICATIONS
Typwal concenteation of size permiiied H
o i any Boan lengih ol weld.
L} . . l‘ . " ) 4
- * LI
4 - N - . 3 .
' L] ! P I L P
- [] ( ‘ * ‘ .’ . [
. .
’ ] « 1 . v " . .- ™ :
B a
’ _ : ’r .. e’.
. - ' ' R
1T Vin
ISOLATED INDICATION CLUSTER

Maxumum wide per Table 4-3

F1G. 4-7 CHARTS FOR t OVER 2 ia. ta 4 in., INCLUSIVE
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RANDOM AROUNDED INDICATIONS
Typeal cancentration and uie permitied
inany 5 in. length af weig
' ¢ .
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s T, .
’ LA T
1in, 1
ISOLATED 'NDICATION CLUSTER
Maximum size oer Tabig 4.} ’
FiG. 4-3 CHARTS FOR ¢ OVER 4 .
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FULLRT

| RT-2 / \ 7
: - - j \ ﬁ NP3 o RT-4 Example
! | f )

I ! T ,

1 H [l . l . .

| ST 90y 6, g JLail 03 ;b el d
|

=
7

N\
g‘

\spm RT/

Bath vessels calculate 1o identical thickness
| when designed for intemal pressure anly.

=

1 -

-Bpot RT

FULL RF

FE

\

_ l RT-1
Corrected Sketch from Previous fssue

Full RT
RT-3 Examples

Spot RT

Spat RT

Ex. (1) All welds made by same welder and total
‘less than 50 . - 1 Spot RT Required

NPS 20
‘ Ey
| &

SPOT RTL—

=x. (2} Assume 3 weid increments requiring 3 Spot RT'S
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GROOVE WELDS

AT

WELD
GTB\?FPE\;E SINGLE SYMBOL DOUBLE SYMBOL
IS L NOTE |
, T . ! o
SQUAR I | el ' —-—g N /—H—
£ ) 770 ! : Q" TQ il DETAILDOES |~
. N A nasing 1
» g 3+ NOT CHANGE
S ote) uPTO X UPTO;
@ 4o} @
R0y PLATE : "E0 Y
‘ . 3 ' -1 ) N ”—L . R .7. f 4 ><
v : di/ 1 N I Q_O TO; _ 7\
Rz - -
BACKING 0" 70 )"
PP | 76
B‘EVEL ; O o
l -
_E-L‘_.‘..h U"TO;"
L o
L i ey PLATE g aking .
TR ] |
. 1o ;
U PR B 3
Lo-.2 "ﬂan .
P*‘. TO 3" PLATR :
| T
J l} Vo "R {
- 1 /' h
g |
T Tormam
FLARE ' . :
V ’ 0R - ) i
£l
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