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ASME SEC.VIIL, DIV.I 55 | 1L~ pgo s

2007 ASME
BOILER AND PRESSURE VESSEL CODE

SECTIONS
I Rules for Construction of Power Boilers

II Materials
Part A — Ferrous Material Specifications
Part B — Nonferrous Material Specifications
Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
Part D — Properties (Customary)
Part D — Properties (Metric)
11 Rules for Construction of Nuclear Facility Components
Subsection NCA — General Requirements for Division 1 and Division 2
Division 1
Subsection NB — Class 1 Components
Subsection NC — Class 2 Components
Subsection ND — Class 3 Components
Subsection NE — Class MC Components
Subsection NF — Supports
Subsection NG — Core Support Structures
Subsection NH — Class 1 Components in Elevated Temperature Service
Appendices

Division 2 — Code for Concrete Containments

Division 3 — Containments for Transportation and Storage of Spent Nuclear Fuel
and High Level Radioactive Material and Waste

| Y Rules for Construction of Heating Boilers

v Nondestructive Examination

VI Recommended Rules for the Care and Operation of Heating Boilers
VII  Recommended Guidelines for the Care of Power Boilers

VIII Rules for Construction of Pressure Vessels
Division 1
Division 2 — Alternative Rules
Division 3 — Alternative Rules for Construction of High Pressure Vessels
IX Welding and Brazing Qualifications
X Fiber-Reinforced Plastic Pressure Vessels
X1 Rules for Inservice Inspection of Nuclear Power Plant Components

XIT  Rules for Construction and Continued Service of Transport Tanks
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sl 23 5,50 4 ASME Sec. VIIL Div.] o5 x5l

Subsection A: General ——» UG *

By Welding — UW
Subsection B: Fabrication ——»
By Forging — UF

By Brazing — » UB

/ Carbon & Low Alloy Steel —»UCS
Nonferrous Materials —»  UNF
High Alloy Steel —» UHA

CastIron @ —* UCI

ASME Sec.
VIII, Div.I Subsection C: Material —» Cladding —» UCL

Cast Ductile ron —» UCD

Ferritic Steels with Tensile Properties
Enhanced by Heat Treatment —» UHT

Layered construction ___, ULW

Materials having Higher Allowable
Stress at Low Temp. — ULT

\Rules for S&T Heat Exch——» UHX

Mandatory App.: 1, 2,...,9 (Jacketed Vessels),...,26 (Expansion Joints),...

Non-Mandatory App. (Good Practice): A, C,..., F (Linings),..., EE (Half-
Pipe Jackets),...

Uw9)b4.J3‘ o&Loéy)QLglfw)b Mb@@e&sw‘ déLo o)‘j.a ‘DLQJ Lg‘fsoM;OUG )bé\.f‘s».uljﬁ #*

5,50 ;9 3 ASME oS 5| "Vaero jlid cov 3l o (Pressure Parts) jlis cov slpend b co> %
ool ... 3 AISC AISI asile gl o5le slas lastiwl 51« (Non-Pressure Parts) s jlid cos a5 Slgend
&)l sledaw ,o Pass Partition 4 (Towers) k>, o (Tray) o a5l (Internals) Jsls olakd 0gs oo

Ngh o wgmme Non-Pressure Parts "logoe (S&T Heat Exchangers)
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.23l o Max. Stress Theory sles p ,Lid cos gliz! >,k o> ASME Sec. VIII Div.l o5 ,ls

gl god 43,8 i o Slem ple 10 S g Cwl Ay goges i (go0e ol 4y hadd b e Sl (5,8 (0l
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Internal pressure  (Select Thickness)

External Pressure  (Check Thk.)

Hydrostatic (/ Pneumatic) Test Pressure ~ (Check Thk.)
Wind & Seismic Conditions  (Check Thk.)

Wind Deflection  (Check Thk.)

Misc. Combined Loadings (Check Thk.)
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Forces and stresses in a pressurized cylinder

St sl ST onlply c cal Job 25l g9 ame (25 995 o 00alie (2) 5 (1) slidge s ,o a5 jshiles
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Engineering stress, MPa

3l el Ole e 1S

Yield Stress / Tensile Stress

Allowable Stress = ( )
Safety Factor
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" ! ‘ Yelci point 1" F API 650:
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Engineering strain, %
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CATEGORY : UW-3

Jlasl ol g5 4 g ol (5 40 Jlasl S Jxe Silzs CATEGORY o5l

Category A:

Longitudinal and spiral welded joints within the main shell, communicating chambers, Transitions in
diameter, or nozzles; any welded joint within a sphere, within a formed or flat head, or within the side
plates of a flat-sided vessel; circumferential welded joints connecting hemispherical heads to main
shells, to transition in diameters, to nozzles, or communicating chambers.

Category B:

Circumferential welded joints within the main shell, communicating chambers, nozzles, or transitions
in diameter including joints between the transition and a cylinder at either the large or small end;
circumferential welded joints connecting formed heads other than hemispherical to main shells, to
transitions in diameter, to nozzles, or to communicating chambers.

Category C:

Welded joints connecting flanges, van stone laps, tubesheets, or flat heads to main shell, to formed
heads, to transitions in diameter, to nozzles, or to communicating chambers any welded joint
connecting one side plate to another side plate of a flat-sided vessel.

Category D:

Welded joints connecting communicating chambers, or nozzles to main shells, to spheres, to transition
in diameter, to heads, or to flat-sided vessels, and those joints connecting nozzles to communicating
chambers (for nozzles at the small end of a transition in diameter see Category B).

/RSE E LIW.3{k)

F1G. UW-9 BUTT WELDING OF PLATES OF UNEQUAL THICKNESS
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RT & UT : UW-11

RADIOGRAPHIC EXAMINATION

Full radiography is mandatory of joints: (Code UW-11)
1. All butt welds in shells, heads, nozzles, communicating chambers of unfired

steam boilers having design pressures exceeding 50 psi and vessels containing
lethal substances.

2. All buit welds in vessels in which the least nominal thickness at the welded

joint exceeds:

1 1/4 in. of carbon steel and 1 1/2 in. of SA-240 stainless steel.

Exemption: Categories B and C butt welds in nozzles and communicating
chambers that neither exceed 10 in pipe size nor 1 1/8 in. wall thickness do not
require radiographic examination in any of the above cases.

3. All category A and D butt welds in vessel sections and heads where the design
of the joint or part is based on joint efficiency: 1.0, or 0.9. (see preceding
pages: Design of Welding Joints).

4. All butt welds joined by electroslag welding and all electrogas welding with any
single pass greater than 1 1/2 in.

Spot radiography, as a minimum, is mandatory of

1. Category B or C welds which intersect the Category A butt welds in vessel
sections (including nozzles and communicating chambers above 10 in. pipe
size and 1 in. wall thickness) or connect seamless vessel sections or heads when
the design of Category A and D butt welds in vessel sections and heads based on
a joint efficiency of 1.0 or 0.9.

2. Spot radiography is optional of butt welded joinis {Type 1 or 2) which are not
required to be fully radiographed. If spot radiography specified for the entire
vessel, radiographic examination is not required of Category B and C butt
welds in nozzles and communicating chambers.

No Radiography. No radiographic examination of welded joints is required when
the vessel or vessel part is designed for external pressure only, or when the
design of joints based on no radiographic examination.

ULTRASONIC EXAMINATION

1. In ferritic materials electroslag welds and electrogas welds with any single
pass greater than 1 1/2 in. shall be ultrasonically examined throughout their
entire length.

2. Inaddition to the requirements of radiographic examination, all welds made by the
eleciron beam process or by the inertia and continuous drive friction
welding process shall be ultrasonically examined for their entire length.

3. Ulrasonic examination may be substituted for radiography for the final closure
seam if the construction of the vessel does not permit interpretable radiograph.

Joint Efficiency : UW-12

ST g (Butt weld) o a0 o (595 50 .caol RT ojls 36 JE. 59, a5 (NDT) o o pué s Sldas s

e o Sl asle 5 B=1 23 L ol oo 5 955 o pieie g wses plod 0T plal JolS jsb 4 RT
la T-Joint ples 3,5 S ) 05 o plxs! SPOt & g0 4 RT a5 Sloj Lol cols plosil 1y lowle il Seamless

A 0 B=0.85 ()Sse gllas (8,5 )5 50 (gl (w3l 5l & s « sz 50 Jsb 4y ) (5510 diged opdle 4
D9 oo 2B B=0.7 0 155 plsl RT ™IS 51058 0 a8 )5
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DS slgig | SPOt RT 6 5 o¥ed i b g aslie Lyl b

Table UW-12

MAX. ALLOW. JOINT EFF.""° FOR ARC & GAS WELDED JOINTS

Degree of Radiographic Examination
Type No. Joint Description Limitations Category FuII2 Spots None
(1) Butt joints as attained by | None A, B,C,D 1.00 | 0.85 0.70
double welding or by
other means which will
obtain the same quality of
deposited weld metal on
the inside & outside weld
surfaces to agree with
the requirements of UW-
35. Welds using metal
backing strips which
remain in place are
excluded.
(2) Single welded butt joint (a) None except in (b) below A,B,C&D | 0.90 | 0.80 0.65
with backing strip other 0.80 0.65
than those included (b) Circumferential butt joints | A, B, &C | 0.90
under (1) with one plate offset; see UW-
13(b)(4) and Fig. UW-13.1,
sketch (k)
(3) Single welded butt joint Circumferential butt joints A B, &C NA NA 0.60
without use of backing only, not over 5/16" in. (16
strip. mm) thick and not over 24 in.
(610 mm) outside diameter
(4) Double full fillet lap joint (a) Longitudinal joints not over | A NA NA 0.55
3/8 in. (10 mm) thick
(b) Circumferential joints not
over 5/8 in. (16 mm) thick 6
B&C
(5) Single full fillet lap joints (a) Circumferential joints4 for B NA NA 0.50
with plug welds attachment of heads not over
conforming to UW-17 24 in. (610 mm) outside
diameter to shells not over 1.2
in. (13 mm) thick
(b) Circumferential joints for
the attachment to shells of
jackets not over 5/8 in. (16
mm) in nominal thickness
where the distance from the
center of the plug weld to the
edge of the plate is not less
than 1 1/2 times the diameter
of the hole for the plug
(6) Single full fillet lap joints (a) For the attachment of A&B NA NA 0.45
without plug welds heads convex to pressure to
shells not over 5/8 in.
(16mm) required thickness,
only with use of fillet weld in
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inside of the shell; or

(b) for attachment of heads
having pressure on either
side, to shells not over 24 in.
(610 mm) inside diameter and
not over 1/4 in. (6 mm)
required thickness with fillet A&B
weld on outside of head

flange only
(7) Corner joints, full As limited by Fig. UW-13.2 C& D7 NA NA NA
penetration, partial and Fig UW-16.1
penetration, and/of fillet
welded
(8) Angle joints Design per U-2(g) for B,C,&D NA NA NA

Category B and C joints

Notes:

(1) The single factor shown for each combination of joint category and degree of radiographic examination
replaces both the stress reduction factor and the J.E. factor considerations previously used in this Division.

(2) See UW-12(a) and UW-51

3) See UW-12(b) and UW-52

Joints attaching hemispherical heads to shells are excluded

For Type No. 4 Category C joint, limitations not applicable for bolted flange connections.

(3)
4)
(5) E = 1.0 for butt joints in compression
(6)
(7)

There is no joint efficiency E in the design formulas of this Division for Category C and D joints. When needed,
a value of E not greater than 1.00 may be used.

Impact Test (UG-84)

o 5l aS ams e plis (Crack ) &g aclal g ol blis jo o] SUlg a5 cowl JU e 5l swols « Toughness
5 10mm x 10mm o liibiwl slal & ankd 3) doges 55w oolel 05 o soliiw] Soyii J8los pond gz 4,0
5,5 0 Sy90 UG-84 51SO 148 L, g SA-370 ull s plil 5 SOMmM J5b

2 diges 10 0al Liz (65,0 auile, o MDMT (sles 45 g 00,5 slowl IS0 VGBS SO s sl diges (59,
55,5 dunlie ol 0 UG-84.1 IS polie b« i8S 4,5 il

55l o ke wsd o Impact Test | cubles g0 45 (63,190 5 (S %

gl oo IMpact Test 45 15 0 045 calo ol b j0 a5 ol adgl olge 5l ool (1

TABLE UG-84.3
SPECIFICATIONS FOR IMPACT TESTED MATERIALS
IN VARIOUS PRODUCT FORMS

Product Form Spec. No.
Flates
Parts UCS and UHT SA-20, S5
Fart UHA 55-480
Pipe 5A-333
Tubes SA-334
Forgings S5M-350
Castings SA-352
Balting materials (and bars) SA-220
Piping fittings SA-420
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UG-20(F) s 55 @50 cand S 511 5 Lol ples G35 asslis 2

¢ the material is P-No. 1 Group 1 or Group 2;

¢ the nominal thickness is equal to or less than % inch (13 mm) for materials listed in
Curve A of Fig. UCS-66;

¢ the nominal thickness is equal to or less than 1 inch (25 mm) for materials listed in Curve
B, C, or D of Fig. UCS-66;

* the complete vessel is hydrostatically tested per UG-99(b);

* the design metal temperature is -20°F (-29°C) minimum and 650°F (343°C) maximum,
occasional operating temperatures colder than -20°F (-29°C) are acceptable if due to lower
seasonal atmospheric temperature;

* thermal or mechanical shock loads are not a controlling design condition (UG-22(g) and
(h)); and

¢ cyclical loading is not a controlling design condition (UG-22(e)).

(UCS-66.1 Jogas) st 3 4y s cadls 3 lojan Lo Lyl 51, UCS-66(b)(3) Lolol 51 3

1. -48°C<MDMT <-105°C

t,xE  Actual Stress x E Actual Stress 0.35

t,—C.A. ~ Allowable.Stress x E Allowabl Stress

Zaslyzl EMDMT ;5 17°C o3lail pzalS o 5 plox]

s 35 Ay S 03,65 1 osed 55, b g YU Las g5 ablis alais F1UCS-66 Jsges solul » S

T
|
|
140 (80 ]
|
|
120 (45) :
| "]
I
SR |
] I »'-y B |
T =i L =]
o | —
g ! /
I wos I Vi ‘/ e
&
T 4004 . —
I : f / -~ T
E f A | o
® 2007 s
=] S | P I
E
E 0-181 : / _/'/
: [/
/
_a0 (-20) f P
4
vl //
i i bttt Y it i e B
EECE I Impact testing rquired
' |
I
T —— 2 51 2(76) a(102) 5 (127

Maominal Thickness, in. (mm)
[Limited to 4 in. (102 mm) for Welded Construction]

Generai Notes and Notes follow on next two pages

FIG. UC5-66 IMPACT TEST EXEMPTION CURVES [SEE NOTES (1) AND (211 [SEE UCS-6&(a)]
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98 g9, Table UCS-66 « ¢ 548 Jloges slow polie Jsaz 5l eolatl cqo #
O 5 6l wiges aS 098 g4, UCS-66(a) & el o (Governing Thk.) Jloges 88l jome pond cga
Lol ol 5 JSi 0

c

% -
Ay

4 i
LAy =
& @6 ?
tyn= the thinner fgz =the thinner g = the thinner
of tgor e of tgor t¢g of tyortg

(b) Welded Connection with Reinforcement Plate Added

@ o9z O30 o ol |, MDMT sles )l oldes ol .l adgl oole (0,5 Normalize s o, (6
D83 o i |y 4l 5 50 i Impact Test saiejls 4 by o Curve IS j5b

ot 9 g e UCS-60 Jsaz 5 mild ol UCS-66(c) SIS, ulel 5 (7

e N —

Steel flanges ANBI B16.5 and B16.47 nre exempt at temperatures no colder than -20°F,

HNuts UCS3 nut materials are exempt at temperatures no  eolder than
-56°F.

TUCE materials Materials less than 0.10 inch thick are exempt at temperatures no colder
exempt ot lemperatures no colder than the specification temperature.

ol

1,85 (oo 3 25 3)l5e p s pS e
1- Base Plate
2- HAZ (Heat Affected Zone)
3- Weld Metal
4- WPS, PQR

Qﬁwwmibyﬁéb)mbwﬁoyww ..... 56.19

ol azgs BB as salgs 03Kl S.S0 5 05s e soliiwl C.S. 51 Koo "Ygere -46 °C sgax 5l 1S slos 5l 5
el 5wl s 958 o0 (5,900 S.S. sl Impact Test 1 ;o a5 Sles

- Sactual < Sall Olpls Conl treq. 51 yiion "L:JLé tSelected aSiyl 4y a> g Ly

Y| = Oo=b UCS-66.1 Soged Gubo Lol g, oo YU UCS-66 Soges Gubo Joo BB glos J8las ccwlis isliél L
ogas Bab b e (20l58l ) Caalbus ol jig cdiiad ob 4 Soop askd 5 oy 35e MDMT a5 ol o o cplpls
9 Blas cund ol 51 UCS-66.1
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Gr. No. 5o o)le 4 .04 0 5,92 Supplementary Essential sls ;. oL Impact Test 4 L5 515
Q; oslaiul )i.l.)&} Syge 4o u‘}) LSN ‘) k_)jL‘LAﬂ GI‘ NO 9 UL“& P NO L) 60‘540 PQR 9 09..» <0 6)9]“0 6).&40‘)[)

YL b b olgd g 5l ooliiw] b jeume zlb Mloges « ol 35250 515 50 Ld g 5l (g0, lailiwl slpielies a5 Lxl )|
CalBs b 5y 5 MYl sl 13.4 mm L5 o900 Slaslxe Gubo 51 Jlis flgie a . ol 5L 0,90 Clies 4 o
t ol s aalys eolaiw! 14 mm

PJ.A;J LB > PDesign

tselected > trqu >

S <San

oo ookl cde @y ¢ ools |l cou g Sl sold ai pogie ()l 3l e ()15 SLid iSTas Gy
Cowl (S MAWP acilze sl o)ls |y (>b jlad 5l i g led Joos SUlg o35 oo 5Ls 0,90 azeil 5l yiies
D dmlome Jogzme yal)l (laie 4y jLad 5 05d 0l Telected Hl0de Treq sl 4 398 alal,y o a5

MAWP aolons L),

(&) in corroded condition

(b) under the effect of a designated temperature

{e) in normal operating position at the top

{d) underthe effectof other loadings (wind load, external pressure, hydro-
static pressure, etc.) which are additive to the internal pressure.

2wl MAP New & Cold s ls 5 )15 cdgjone Slasle 10 yiin 5 ul oo Cawdy 398 i a3 LS 5145 ogpio
100565 o 1050 1y Sl el ol (050 sy (ol
PR, +C.A
leel, = 7( : ) +C.A
~ SE-0.6P

S= S.ai|Amb. Temp. & C.A=0

ool 136 o MAPNC o Js e MAWP s "Operating Liquid" 04380 5 1k slos jiss
Olaie 4 oals dwle polin JBloo uew 0gd oo dwlbre [lid Cow gliml Glilaie g Slahad SO ST gl s MAWP::
Beb oo Ead SO (95 2 O JS MAWP
D LT 48 055 58 sl o o Slstil o sl (giebies 5 miee (1o i 2 (300 L 3,0 ol 055
s il by (L lad Jee b plea gl esliiul bl BB 58 Slivlgyaee (hlejl ot culis
O old b 5 dlone galed coend slos (gl absye sl 51 S ol 5 5 Pl )l sl Sbils e
Ol g lade Wb 0,3 alodl Sliulg,ae cand 35w IS 5l (Sae 5l e ail 5Ls ST es 50 00,5 e dnlie
98 Bl Jga 8 )3 (599>
P(R +C.4.)
b= SE—06P
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General : UG-16

L5 mm + CA. pl (Gise ool 5o 5950 cbliwl jmu) pae,d 5l e s g b cwbs Jsla> 1 UG-16(b)
1o le ablzmul ol 51 gl dges .ol

1. For Shell & Heads of Unfired Steam Boilers: Min. 1/4 in. (6 mm) + C.A.
2. For Shell & Heads used in Compressed air/Steam/Water Services made from materials

listed in UCS-23: Min. 3/32in. (2.5mm) + C.A.
Min. J 0.25 mm
6% of the ordered thk.

dlote ;8 Gl oo g Sl Gl gl e ools )law b cuwlks L Tube L 4 Pipe ,51: UG-16(d)

gl jelaie oleyd Caalies
thominal X 0.875 = Tminimum

i o ylid oad 00,95 Ll jo | olal S pul i o >lib sledge s ads : UG-16(e)

silasle wylo 0 )5 jLid cou 3l o S ol cwae gyl
1) Hemispherical
2) Ellipsoidal
3) Torispherical (Dished & Flanged)
4) Conical
5) Toriconical
6) Flat
7) Body Flange

FIG.1-4 PRINCIPAL DIMENSIONS OF TYPICAL HEADS

i —

{a) Ellipsoidal (b) Spherically Dished

(Torispherical) {e¢) Hemispherical
i

e} Conical ; {e} Toriconical
'(Cone Head With Knuckle)
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00iS ol Jalse 1- Different Shape (Diameter)

Discontinuity Stress / 2- Different Material
3- Different Thickness
4- Different Temp.
5- Change in Direction

b owoe sl a5 col oy cdl> o e ] 0 3459 Discontinuity Stress g 4 wae Jlasl ahais o
Sloj g Sl 5oy 04 aalys Hemispherical gg5 5l cwae &ygo opl 50 a5 0l (aiwgy S5 gl ) T glass
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Lobs wile (swis @y a9z Lo ()] 10 a5 sl pie Ll sie (al i3, 9 50 G5 Gl o oS e
D9 o a1y 5l 50 CAtegOry Al g agy b wsie y3 Jsb sz

Hemispherical .o : UG-27
ol O Lol 03 (oo Digmaita cwde Cp yige DISCONLINUILY (25 0y 568 g Canlbesd o yieS oyils Juo &

t PR
€q- Hemispherical 2SE _ 02P
PR
tre shell — g tr ~ 1/2 tr
I SE —-0.6P
Hemis. Cylinder
Ellipsoidal | _soc : UG-32
Div.I, Appendix 1 — ¢ = m;DDIO{mD
2
D D
k=fl —|—>k=1/6/2+| —
2h 2h
Ellip.2:1:>2=2—>t=L
2h 2SE-0.2P
t =t
> ElL Cyl.
t, ~ 2t
EIL Hem.
TABLE 1-4.1

VALUES OF FACTOR K
(Use Nearest Value of Df2f; Interpolation Unnecessary)

oizh 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 21 2.0
L 1.83 1.73 1.64 1.55 L.46 1.37 1.29 1.21 1,14 1.07 L0
Dizh 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0

K 0.93 0.87 0.81 0.76 0.71 .66 0.61 0.57 0.53 0.50

AREA=1.09(D +2t)* (S.F. area is not included)
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Torispherical | _wac : UG-32

199 (o0 Sl Dglaie glads b (Jioxine 59 0595 3l swas

PLM

Div.1, Appendix(1-4) = t=————
PP ( ) 2SE-0.2P

M:f(LJ _’le 3+ L
r 4 r
L=r=R—» M=1—"""" Hemis. Head
: TOTiS. sla (cwde 1o Cand o ydglocie
L= 0O.D. of Shell
M=1.77 . 0.885PL
SE-0.1P

r=0.06 O.D. of Shell

TABLE 1-4.2
VALUES OF FACTOR M
{Use Nearest Value of Lir; Interpolation Unnecessary)

Lo 1.0 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 325 2.50
M 1.00 1.03 1.06 1.08 110 1.13 15 1.17 1.18 1.20 1.22
L 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 8.0 8.5 9.0
M 1.25 1.28 1.31 1.34 1.36 1.39 1.41 1.44 l.46 1.48 1.50
L 9.5 10.00 10.5 11.0 115 12.0 13.0 14.0 15.0 16.0 16%41
M 1.52 1.54 1.56 1.58 1.60 1.62 l.65 1.69 1.72 1.75 1.77
MOTE:

(1) Maximum ratio allowed by UG-32(j) when L equals the outside diameter of the skirt of the head.

el 5 700 4 Toris. ¢ EIlp. slpwss sy lps jlxe 3905

Ellip. Head 3:1— 1:1

Div.1 Appendix 1 Lt 17> 162/3
Toris. Head
M 11— 1.77

AREA=0.918(D+ 2¢t)* (S.F. area is not included)
55l o, be Toris. sl cwae glgil 51 Sy

o  Klopper Head
L =0.D. of Shell
r=0.1 O.D. of Shell

o Korbbogen Head
L =0.8 O.D. of Shell
r=0.154 O.D. of Shell

>

1S 15 oo 22 sk 4
Cyl.
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3,90 Jl.})..uﬂ WJ ;',msLﬁ.c J.§|.).> a1 .Ia)..w L K>1 L@j 5 ASEHlp sl s 3TOI’iS. sl s als 6‘)?
Mb 70 Kksi oolazw!

Min. (2/7 Su . 2/3 Sy)
Sa]l =Min.
20 ksi

Straight Flange

1-t >t

2- Butt Weld ¢4 51 JLasl
UG-32(%) 3- Internal Pressure

4- Tapered Transition s>

20,5 Jloel T b 1y 5 bl caisl wae ,o (SKirt Koo 5,ke 4 L) S.F. 5l solitl 4 L5 amili>

€ > 3tpeaq , but need not exceed 1 /2" (38mm)
S.F. (Skirt){

Thickness s > t; shell
E=1 (Seamless)

Tapered I oo (ise 6l b olasl leiuled b cand 0 o Jlasl ;o il 35 p5 bys 51 %
154 oslarl Transition

t;-t; > Min. (thickness of thinner part, 1/8" (3.2mm))
4

— Tapered Transition is required

2 ) g Juasl Joe 50 1) yienss sole a5 el ol Leal, 51 o cel Tapered Transition sl « 5L a5 Sl
G b 6l S o5 alied Sl e (sl e gm0 005 g 3l e ebis wls S Gl Bk Sl o
Tapered Trans. slly cwbs (49,5 adlol i eslatwl 550 ol ) ouians §05 72 4 jlre Sygo (ol mé 5o 090 B=1
5l NS a3, Vo i Bles 55 by, onl 5l eslial (UW-42 3.l ) conl (5 Kisr S &

500 ol paga 1, U»Pc!aﬁgdle‘;wasd)wwb OMSin g (5,9

(095 g9 5 d JSo 43) 098 (o0 sbom] (wlew Lz 5l oy Coad
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Lz 3y
e
|
.t- I 3y
v Taper either inside or outside
? ) of vessel
Tangent Line
i
t | I |
i HEADS TO SHELLS
\‘/ ATTACHMENT
'd ‘ﬂ
rh LT 3y 2 21205t

”-I'I:Eﬁzm Line ._._..,1,._;

The shell plate centerline may
be on either side of the head
plate centerline.

HEADS TO SHELLS
ATTACHMENT

L =3y za1/2(mt)

When ¢, exceeds f,., the minimum length of straight
flange is 34y, but need not exceed 1-1/2 in. except
when necessary to provide required length of taper.
When 1, is equal to or less than 1.251,, the length of
straight flange shall be sufficient for any required
taper. The shell plate centerline may be on either side
of the head plate centerline.

I axis of rotation

a = half apex angle
R; = Rjcos a, tangential radius of curvajure
Rz = =, longitudinal radius of curvalure

Conical | _wae: UG-32

ol bg e ly i agly (i onl 5o (b slo el o et 5 (S

UG-32: a < 30°
o, o, P S sl
—_—=— : S
R Rt
Rl =OO,RC= R :.Ioﬁj.‘?.bo);)
Cos.a
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o = PR o =
tCos o

v
|

27R o tCos oc= 7R’ p (gogee Lz 5 Jobs Ll g8 L

PR - PR
o, = » Lyt = AL
2tCos o shelt 2t
W Lalg; o R e 4 Ritt 5558 slr &0 S.E. 0 o> (03500 L
PR PR
> Lhens =
S.E—-0.6P

t =
e Cos oc (S.E—0.6p)
905 ooliiwl Timoshenko Ll clewlss 5l 59,5 9>, Appendix 1.5(g) « cewl o 0> 30° 51 %

Sl oo s JBlo jlid Laylih cou aS byt b doliz S o5 gym b S Bl ayg aes S s
Loy Y 1, g i adaiio ceabieds wul bS5l gl 0 YU | alaio gelans oo yta] oo b bl 35 a5 ol

wla, ol 500,518 by e ad 5 025\ R 1 sog0me 10 Cansl (oo (Sughs S,y 55 o 0903 oolaal gds Sy,
i (at large end) aiwg Cwls 5 glads saims flis cus 5 ats g Ry

S 5o ‘5';.{9.&3Areq, Wl gl oolaiwl yize izl aes iz 3 e S,y ¢lp STasl azg LB axss
D3 o pd Sy jlome GRS 4 35 jlome SR

: 5l e ,)Lbe UG-32(h) &b Toriconical ghis sl Knuckle gles Jsloo

11,12 > Max. (0.06 x Dia. of Head Skirt , 3 x Knuckle Thk.)

;| Torispherical _was ail Toriconical ablis j0 S.F. axb culs dulxe

— Di
" 2Cos
s, 1)y e
4 r 2SE-0.2P

s ocdl 80 SF. 0,50 0wl 5 bog i

ts.F.2 tshell
E=1
S.F. > 3tcone
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(Welded Flat Heads) cov ¢ls  cwas : UG-34
oolizwl Flat Head 5l b b« e 5 s jo simie cwie (5 6l 0lF (oo 5 pols Lad Codgame 45 (50150 40
gei oaalie UG-34 1o )l o]y ditwsgy 4 woe 55 opl Jlasl gl i )ls oYU Cualbes a5 098 oo

t=d o by & Lo
= e : S Sk as S
SE S92 ™
ZCP

D

long span of noncircular heads or covers measured

perpendicular to short span

d = diameter, or short span, measured as indicated in
Fig. UG-34

E = joint efficiency, from Table UW-12, of any Cate-

gory A weld as defined in UW-3(a)(1)

JLGJ‘ i d].]o 6‘)" B w)..a U”‘ )J.)LQ.A | Shell .)Lu‘ 9 Shell aQ Head JLGJ‘ 0970 eb aS ol tS"’)"D C
199 oo oolaiwl Jlasl jo Sketch e & f olsj> 51 "Ygone .0l oas a5l

il

m=t./t f, = required thickness of seamless shell, for pressure
v t, = nominal thickness of shell

Sketches (e), (), and (g). C = 0.33m but not less than
0.20 for circular plates, welded to the inside of a vessel,
Tty 0.71 and otherwise meeting the requirements for the respective
1 types of welded vessels. If a value of m less than 1 is used
in calculating #, the shell thickness r, shall be maintained
along a distance inwardly from the inside face of the head

Continuation

ot Sskall equal to at least 2./dt,. The throat thickness of the fillet
optional welds in sketches (e',) and (f) shall be at least 0.7t,. The
Sketches (e), (f), and (g} circular covers, C=0.33m, Cyin, = 0.20 s'tze of the Wel,d by "? sketch (g) shall be not less than 2
@) @ times the r‘eqmred thJ.t:kr_Jt:t'-s of a serilmiess shell nor less
than 1.25 times the nominal shell thickness but need not
be greater than the head thickness; the weld shall be depos-
ited in a welding groove with the root of the weld at the
inner face of the head as shown in the sketch,

Sl Oyge pl 4l culpls ojls ad B 4y il 5 cenl LSy ) g S jLad Blie o pwas ol L8,
Aol pds e cwlbks caas 5l wls Deflection o s4i o

. t
Deflection < Eh
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:Extreme Fiber Elongation

sazas Si3 slyzl amiliz UCS-79(d) b .ol BF.E ¢ il Jaine ok cole 0wl oS ool 5l (S
Sl Oldes (20 08 5l e 350 Wb EF.E > 5%. 5 wiss asle Cold Forming g, 4 cwse g Jo
245 (UCS-56: Requirements for PWHT)

b 5y Slles i 0l 35390 b3 Laul,d 5l Sommed 455,50 ,0 « PNO.1, G.N0.1 & 2 slo JU e (sl
el Jgd 8,90 E.F.E. =40%

1- Plate thick. > 16mm

2- Reduction from the As-Rolled Thickness >10%

3- Impact test required

4- Lethal service
5- 120°C < Trorming < 480°C

il 35 7 0 EFE. acsle sledge 8
e| shell Y0 = (SOT/Rf) (I-Rf/Ro)

€| Head %= (75URg) (1-RyRy)

R¢= Final C.L. Radius

R, = Original C.L. Radius

t = Plate Thickness

Az, &by )0 0 o Cewd 1) 093 adgl aol,T oVe8 sladlins S g 09 (oo dlol i lakad o 80 )8 il
b oo Gl B EFE. col (2ol38l (T ojlgs cualbes 5 malS 35 glads

dilaio ;0 150 MM szl glads 4 o, 6l 098 ale flie Slasein b cwie ail i )0 amibix e oloie a

o 09 el bl 1) clisul ol dl> o diz 30 Wb ey 0 eealss 39w EF.E. = 5% 51 "> Knuckle

(Ro=00) 5,08 &j50 (3,1, Slides Sl

1- 5="75%(32/R¢)(1-Ry/R,)

2- 5=75%(32/R; )(1-Ry/480)
3- 5= 75x(32/R¢)(1-Ry/240)
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s lasd o )35 G.u)ﬁ:UG-ZS & UG-33

Loy o3 S o )L b 5B s il e ol oo abox o1 5l aS ams (0 (55, (AlSe Jelge Co (25 jLi
b ) (e alad i ey (gt g3 ol S i 3,5 o8] e | s kS olSigy Venting IS o e
o (e (sptiad plSigy ) bl lulid ioglig U is S (b o (215 Jlid o (O3 o] s ]
ol -1 DA 548 o 3)l5 0 5lax S (55 (59, ¢ e 3,0 5o Blhae D sbul Sl a5 15 Lad iSTas gl
(u5Ls) Buckling g4 5l IS s cel )15 Lid g 0il (6 i Hlaie Wl oo Jacket l)ls o5 o Ll
o ) Hled Cou e Culs dcule gl g cal (31 JLid 5 5 oz 04d oo (zleeh) Wrinkling 4

ABL (o8 G3Fe JSB g slge el 5l (b (3P (95 (2 HLed 1S &Bly 50 e, su2ly Jge oy

1)  Spherical Shells: refer to UG-28 (d)

2) Formed Heads: refer to UG-33

3) Cylinders with Do/t < 10: refer to UG-28 (c)(2)
ol 0l p)lgz Juad 50 abogs e o largld
4)  Cylinders with D/t > 10

D/t
tSelected for int. pres. : — ASME, Sec I, Part D, Subpart 3, Fig.G —» Factor A —»
L/D,

Using (Factor A, Design Temp., Applicable Material Chart) —» FactorB —» P = 4%3 D / )

Pa<Ppa. 77> usiy K, 5l oolannl b Cwlbes i3l
P,> Pgy.— t Satisfies external pressure condition

P, = Maximum Allowable External Working Pressure (psi)
D, = Outside shell diameter (in.)
t = Min. required thk. (in.)

L = total length, in. (mm), of a tube between tube-
sheets, or design length of a vessel section
between lines of support (see Fig. UG-28.1). A
line of support is:

(1) acircumferential line on a head (excluding
conical heads) at one-third the depth of the head
from the head tangent line as shown on Fig.
UG-28;

(2) a stiffening ring that meets the require-
ments of UG-29;

(3) a jacket closure of a jacketed vessel that
meets the requirements of 9-5;

(4) a cone-to-cylinder junction or a knuckle-
to-cylinder junction of a toriconical head or sec-
tion that satisfies the moment of inertia require-
ment of 1-8.
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55 a3ly 1o (Do oyogr <ol Lo ,3 L) SHFE. Ring S8 ay L Jlaiie 00,50 sl 5t calieds o,V b o 1 azi

. - L D
JJL) L},«..J')B‘Pa u',..asd.:‘ Cewds 6WFaCt0rBwL¢,» )QJHQSAIH.Q‘&)’JO |) F 9 tD

Sl @ 398 Uzl 0 w0l colazul Fillet weld 5 Butt weld sl a e 6, KEe> g cole o axils :2 s
(UG-28(2)) .55 oslizl 2P 5l b P

Fla. UG-28.1 DIAGRAMMATIC REPRESENTATION OF LINES OF SUPPORT FOR DESIGN OF CYLINDRICAL
VESSELS SUBJECTED Th EXTERMAL PRESSURE

N A

Al ‘ L i i L |
bl f 43
——f—\;_,/ ’

i
— —-— r.f"" A

i L -
_ =JE/L

2= 1) le-20 di |=d 1]
[Marves {11 and (21] [Meaea (3F [Moe 1301

[ —

NOTES;

E0h When the cone-to-cylindér or the knuckleta-cylindar function is nod a fine of sSupport, the fominal thickoeis of the cang, knudkle, or loritonical
section dhall not be kss than the minimum required thickness of the adjacent cylindrical shell,

(2} Caleulations shall be made wsing the diametsr and corrsgonding thickness of aach cylindeical sacdion with dimansion L as shown, Thidonesses
af the fransificn sectinm &+ hased on Male 410,

L3} When the cone-ta-cyfinder or the knutkla-to-oylinder junction is & line of support, the moment af inertia shall be provided in actoendance aith
-8
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Stiffening Ring: UG-29

< UA&LY ‘J’" 9 o)l.xf LSQ)J (Le) ).)9.A J}b )LMA K9y “59.“: ua9.€ JSM) L)5 Cwlses s)b.ﬁ A.J5| osle M‘}A L
IS oo S o 90 A |y e )] g0 Jgb g o ool ugE S, Jowe jo 2By plpls o

el iy olass cpls 4 5o ol Sy SeS & Cosls 6lp S mls dtugy Zosi 4 Lo Pa < Pex 5 > o
J>1he s 9 Pa=Prax extworking pres. 45 935 oo (2,8 ol wgd asein Stiffening Ring sl aSul &y
o Uy s 355 e Unstiffened jloe Jsb iSTao b oS o b 56 caz 5o |y o)l ,Las closls

Dgd oo s LS, oluas  Unstiffened Job 50 S Jobo

Sy 1y 5k 0590 oyl Hlew Wilsiy a5 el ahade mlaw 05 (astine b LSy ) olawd s 1 45 (6,0 5518
KLY U'*‘“L) ‘L5>)L> )LH.S ).)‘).) L wsLa.a

A
I = (DOZLS(t+ . )AJ/14

s

I, = required moment of inertia of stiffener (in*)

D, = outside diameter of cylinder (in.)

t = Thk. of cylinder, head or conical section (in.)

A = “Factor A” from ASME Sec.Il, Part D, Subpart 3
A, = cross sectional area of stiffener (in”)

L = length between stiffeners (in.)

el Joe8 B ot Sl Sty a2l 1 5 byt il
+I, | +Ar>I
Shell Profile

L

90° 51 il oads oy oS aygly o 3L slepiails JBL |y oS T ol (oo oo (s Sy 52 50 -
g oo ooliiwl cild y g oo 1) gl Sy 5l o ax 4l s 6l UG-29.2 Jloges 1ol i

S ol s ds 93,0 0939 Su, Byl 50, 40 S, JSiwe ID o 15 0l cuye ID 4, OD o Sy caas -2
LT o g s e J31s 50 LS, ool ez "hes il o0 (Rel5 Gud 00y55 I Ll (s
Sl 1y 093 el OSiw a5 54 0 slw! Drain g Vent sl ols,em

)o@]a&nﬁ)aﬂ@Qﬁg}gwwgoB»U‘opwfh/DMq,»s?)})u;égado)‘uu)o -3
S o o ial38l 5L 050 Caalies o)lga cam o 5138 L Lol (eails (S Is jLad

g oo plmil b walis o, L Las Ll sl 4o gl ooliiul sl iy, 5l s sod b e gl -4

Moment of Inertia of Composite Stiffeners

w i

f—,r -t [ - uH? -
T
oo .I. l L =v;_n2§ h s 8t
Y \*t1 H c= B 2 2
2 S o
S I=ZA YZ+3I-CIA,Y, | = La
. Y, o
/ \
\
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Openings: UG-36

1- Process Nozzles (Inlet, Outlet,....)
2- Instrument Nozzles (PT, TT,...)
3- Mechanical Nozzles (Manhole, Handhole,...)

2055 ol LT (9, WRC Slewslono sl g st U 0 oo eigd (oo Joate PIPING @ (92 Sl 05,5
.)9..» < oolaiwl ))) LS‘LD.))L)JLM‘J HYW e.»}.» < J.os 4.]9] Le) as @L@Z..LB 6‘)‘) £

ASME B 16.5 : NPS <24”
ASME B 16.47 Series A, B : NPS > 24”

alises GlodS jo 1) Lzudd ()15 lxe jlid jiSTas g 6,5 slos wlulp g i 4 4o ASME B 16.5 ;0 %
el ol B3 58 Jglaz cpl 5l sl dges a5 sl 03905 (g 4kl

Class 1501k.| 3001, 40016 600 | 20016 1,500 [b)2,500 b
Hydrostatic
test 450 | 1,125| 1,500| 2,225| 3350 5,575 | 9.275
pressure, psig
Temperature, F | MAXIMUM ALLOWABLE NON-SHOCK PRESSURE PSIG.
—20 to 100 285 | 740 000 | 1480 | 2,220 | 3,705 | 6,170
200 260 | 7S 900 | 1,350 | 2,025 | 3,375 | 5,625
300 230 | 655 | B75 | 1,315 | 1970 3.2 5470
400 200 | 635 | 845 | 1270 | 1900 | 3,170 | 5280
|
500 170 | 600 800 | 1,200 | 1,795 [ 2,905 | 4,990
600 140 550 | 730 | 1,095 | 1,640 | 2,735 | 4,560
| 650 125 | 535 | 715 | 1,075 | 1,610 | 2,685 | 4475 |
- 700 1o | s3is 710 | 1,065 | 1600 | 2,665 | 4.440 |
i 750 95 | 508 670 | 1,010 | 1,510 | 2,520 | 4,200
. 800 80 410 550 825 | 1,235| 2,060 | 3430 |
850 65 | 270 353 515 805 | 1,340 | 2,230
900 50 170 230 | 345 515 BE0 | 1,430
| 950 33 108 | 140 205 310 515 £60
| 1,000 | 20 | so | 70 105 155 60 | 430

55 oo ool 15 B ppr )5 5 A5 (gla Lid o gl olgy0 laslna

:| Internal Pressure

P=P;+ Py t PR’

r e ———
e SE—0.6P

External Pressure

¢/D

— Factor A — (Mat. Chart, D.T., Factor A) —»
D/t

— Factor B—» P,
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1l 00l i ) slgindgaste il ouls (‘,5‘5 Gl wlgiwl glo axwgy (g9, a5 @LQ-"')}“ S gl Slawlos (gl p oS b

IDgpen1 <60"—» Dopening > Min.(1/2 IDghenr , 20") ——» Appendix 1-7

UG-36(b)(1)
IDghern > 60"—» Dopening > Mln(1/3 IDghen 5 40") —> Appendix 1-7

ooliiwl 4 jgumme g8 g gub amili> .ol Large Opening cluwlxws 4 by o 4owes 0l Appendix 1-7
3 Wbl ol ,5b & Nozzle Projection 514wl oo (ialiél Cusgds sl fge 090 cauith dored ol
ADO <° U‘P > d)LAf)Lb Sl J)L’ 9 AJLD <° w‘ﬁ‘ ‘5».39.‘73 G‘a.w ‘05...';3 éﬁ‘s 039> U”‘ L c».lﬁ Hub 9 6».15 as

Jib s mlaw : UG-37

FIG. UG-37.1 NOMENCLATURE AND FORMULAS FOR REINFORCED OPENINGS

Ineludes considaration of thase areas if

GEMERAL NOTE: .
S8, = 1.0 bath sides of §) "

2.5t or 2.5¢ 1,
Usa smaller value

¢ /
¥ brcocs

¥

h, 257, 258

Use smallesi valus :
=
.J"_'_n‘ or H" + tn+ =
e
Use 1argar value

ks

|

|
¥ el ‘ |_ :
N [i:e
oL ___L
e al T

far limits of
reinforcement

e

dor A+t +¢
v s plle
| Use larger value

|
For nozzle wall inserted through the vessel wall -—ID!"E—- For nozzle wall sbutting the vessel wall

VWithout Reinforcing Elemant

= A =dr P2t e Fl1-7 )
= dEg t- Fi) =2ty (Eqt = Fr b {1 = Fq)

= Bty =1.5) fot
= Slty = Il feoly
= Styfg
= Siilifez
= 2hitifa

= A4y = outward nozzle weld = IIEngf,.g

> 5000
ke

= Ayn = inward nozzie weld = [|eg,2fr2

4
9

A+ AntAgt Ay +A45 2 A
A +Ag+Agq+Ay +A4< A

= 2rk o) lEqr = Fr) — 2eglEqe - Fr bl - fiql

Arga raguired

Araa available in shell; use larger valua

Area available in nozzie projecting outward: use
smaller valus

Area available in Inward nozle; use smaliest valua

Area avallable in outwerd weid
Ares avallable In inward weld
Opaning is adeguately relnforced

Qpening is not adequately reinforced so
reinfarcing alaments must be added
andfor thicknesses must be increased

With Reinforcing Elemeant | Added

A = same as 4, above

Aq = same as A4, shove

= Bft, — tpylfeat
A?{= 2ty — tol 1258, + 107,
Az =sama as A g, above

= Ay = outward nozzle wald = lleq;)zfl,.5
= Ayo= outer alament weld = [leg]zfrq_

ferr

= Agg = inward nozzle weld = (lag)2f,,
= Ag ~Dy—d-—2t)e, frgq (Note (1]

(FAg # Agt Ag + g +Aga+Agg+ Ag= A

Area reqquirad
Araa available

Area avallable in nozzle projecting cutward;
use smaller araa

Arig availabla in inward nozzle

Araa available in outward weld
Araa available in outer weld
Area avatlable in inward weld

Area aveilable in element

Opening is adequately reinforcad

GEMERAL NOTE: This figure illustrates a comman nozzle canfiguration and is nat intended to prohibit other configurations permitted by the Cade.

MOTE:

{1} This formula is applicable for a rectangular cross-sectional element that £alls within the limits of reinforcemant,
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S5l 00gamma opl 5l )l 1 0gh Cole) gkl eagame Wb og SusEl 5,9 4 5L Opening < sl aslis
100,05 (o0 S5 50 1) ) sletedgaze digel b SPEC 5 05 jo S j5b 4 .0 08 Sl

Code : ODpaq < 2Dpipe
SpeC- > tshell < treinforcement < 2tshell
Spec. : Shell Material = Reinforcement Material

Spec. : Min. Wiinforcement = 50mm

4 by e c.‘a.w dwle 6‘)? Al pams iz azilis bl asle Golds dwgy b Susd g J5b Jb e )ﬂ "o
GBL“*“' gs“"SL““’ 6”9‘” B)9 9 J)L‘ o AmL> 9 ab w‘ﬁ‘ Sa]l shell/ Sall nozzle/pad S 4 Area b ] Q]
oS oo s o 1 cas LI Area ols atwgy izl yds b

(UG-36(C)(3)) s zsis 3§ ooliil & (65 ) bl s s oS abo 3¢
D <3 1/2" (89mm) —— tyen < 3/8" (10mm)

D <2 3/8" (60mm) > taen> 3/8" (10mm)

s 3,9 5l wls Opening cusis ly 45 098 o ;53 SPEC ;o (tehell > S0mMmM "Sio ) Ll s an o %
23,18 3959 4 5 3 Ll 5,50 OpENINg s (sl b iz ,0 0545 eolisul

ol golamBl e "Vgema s s o p YU -1

3,08 Calbes Cosgama b cwlis o p YU -2

el slemals 5l eslinl -3

Y cwls L Long W.N. zls 5l eolawl —

aS g B Wb ogd colizwl Hub (ol s a8 sl myb jo axilisl aily g s Hub b o> slgils 5l oolicul —
Aok 3, s Hub cws ;s UG-45

"Voora 098 oo alo bl g el 1,5 a5 cde ol 4 bl wyls ool cwglio :Heavy Barrel 5l eolawsl — z
223l gz 1O 5 "l 5 50 90 45 3 1S s B eslitul 50 o

)s.ulf é5|5 L aS ool éﬁ‘s ‘S.MS)QNl ‘).:) sw‘Nz )|)~o5w9.£u AJNl )Lu 919) J.iu))h)
PR

s N el G185, 1o 8l =—— § 4 5,0 L=0.9D ¢leis U
» N2 Js PUSS ULIEST SRS T SE—0.6p Jse® 59, e I

Ll axgi bl j18 0 gl 860 50
) ’ ’ ’ ? i ? ? " 2SE 0.6p
Ogd oo petd owide 4 Jlas! e (o UG-45 b 56 5ks 090 Cwls

treq N1 < treq N2 o=

Jges® 45 oad Bl 9 Ceond

Sl No 5l S Slol cosis a Ny jlo ass (o

WS o S5 g 4 3 3l e sle glis,) o 55 g e eblho
705 el N2 1 2e8 s 0 N1 L Jletol 09, JS5 50 Jle jobo o

PR
treq = , Ri<R; — > treg NI <lregN2
Cone Cos o (SE-0.6P)
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Jib o2l culses : UG-45

|, for Access Openings, Openings for Inspection only the minimum wall thick-
ness of necks shall not be less than the thickness computed from the appli-
cable loadings in UG-22 such as internal or external pressure, stattic, cyclic,
dynamic, seismic, impact reactions, etc,

2. for Nozzles and other openings (except access and inspection openings) the
minimum wall thickness of necks shall be the larger of he chickness com-
puted from the applicable loadings in UG-22 or the smaller of wall thickness
determined in 3, 4, 5, 6 below.

3. In vessels under internal pressure thicknes of the shell or head required for
internal pressure only, assuming E = 1,0,

4. In vessels under external pressure thickness of the shell or head for internal
pressure using it as an equivalent value for external pressure, assuming £=1.0.

5. Io vessels under internal or external pressure the greater of the thickness
determined in 3 and 4.

6. The minimum wall thickness of standard wall pipe.

7. The wall thickness of necks in no case shall be less than the minimum thick-
ness specified in UG-16(h) for;

Shells and heads: 0.0625 in.
Lnfired steam boilers: 0.2500 in.
In compressed air service: 0.0918 in.

8. Allowance for corrosion and threading - when required - shall be added to
the thicknesses determined in 1. through 7. above,

Caley J3b 285 50 UG-22 (sl S0 51 (8l (odp G885 9550 50 Gl (0 b oD boyd (358 0 M5 2 odle :aiSS
(UG-45(c)) o4
Allow. Shear Stress < 0.7 x Allow. Tensile Stress

Calies 6l 12.5% (e a4 (ol ) ¢ s eSS ci Lo (slpnogame e s gl ul i (0 Caalies a5 el @
P5d (o0 sl Dygo al 4 Aliss (nl (53,5 B b S 398 9150 40d ulply il aid 57 5la )0 algl o)l

0.875t, > Min. ('[r shelheadl E=1 , tsch. STD. T C.A.)

sl Joee o

L Lz 56 ogd oo (2,8 a5 Judo cpl 4 0,5 o plsl E=1 (55 L UG-45 5l 5L 6o cwled aule
g3 M‘PEZI o~

I ad e Jib g g 5l 9)50 Sl (59 b (pwie g dtug & Cons U 60513 S
| e 31 45 6 i Jsb olol 2 |y o] eabies ¢ 0,08 )3 L o 4o J3b el 38 51 o 5
| QLS e dewle 8,05 500 Line of Support

L2
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Jacketed Vessels (App. 9)

Bigd Al wd Dygo a4 b g 9,5 Jae oy o3 PV-Elite ,o 1, Half-Pipe ;o) o5l 5 arws o0l

SOME ACCEPTABLE TYPES OF JACKETED VESSELS

|-I-——|"—--J--

kb
Type 2 [MNota (21] Type 3 [Mote {31
-.T_-d = i | i ‘
i e
v !
J— T J/’/; L\T\\T’;L/
—— ——

Type 4 [Mota (4}] Type & [Mote (5]]

MOTES:

(1) Jackst of any length confined entirely to cylindrical shell,

(21 Jackel covering a portion of eylindrical shell and ona head.

(3) Jackel covering a pertion of head.

(4] Jacket with addition of stay ar equalizer rings te the cylindrical shell portion to reduce effective length.
(51 Jacket covering cylindrical shell and any portion of either head.
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125, min.

Sae Note {1)
1o this sketch

4

R —s Fi'); —-m:l As ——n—l

(b-1) {b-2)

NOTE [sketch (b-1}]:

(1) Closure and shell one piece construction
or full penetration butt weld.
Backing strip may be used.

{ t, min.
™~
P

fe— j—

il
Rg— R}- u._._;,]

(e}

Le

# max. = 60 deg

See Note (1)
to sketch (b-1)

Half-Pipe Jackets (App. EE)

s ool ialed YU 5o ass] aiile cax LSS LS 51 ooliinl 500 sian ol Lzs L Jacket l)ls a5 Sjba o
a5 ooliil axiwe 4" iSla> a5 “Half Pipe” sleass 5l ab 5 cans Jos

P.=(1.55—S%<

P’ = Permissible Jacket Pressure (psi)

Half Pipe jl=. ,Lié Sl

S = Max. Allow. Tensile Stress @ Design Temp. of Shell or Head material (psi)

S’ = Actual Longitudinal Stress (if axial forces are negligible, S’=PR/2t) (psi)

P, R, t = Int. Design Press. (psi), Inside Radius (in.), Thk.(in.) of Vessel

K = Factor obtained from Figures in App.EE
T= (Br)
(0.855,—0.6P)

P, = Internal Design Pressure in the Jacket (P, shall not exceed P’) (psi)
S| = Allow. Stress of the Jacket Material @ Design Temp. (psi)
r = Inside Radius of the Jacket (in.)

T = Min. Thk. of the Half-Pipe Jacket (in.)

Fillet Weld Size > 1.414 T
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Dead Load 4 Live Load Ll cules aul>e

Live Load / AISC

Dead Load: for Non-Pressure Parts —» | AISE —» S.F. —» Allowable Stress
ASCE
UBC

3l e (gl Wl gl S (5, 0l Lt aralne (sl 225 3ot
q, = 0.00256 V*

Ll 15 Oy 4 30 Ft glis,l o IXT P Laies prlaws oS slys Jsesd o2l 05ysT Comsy 4y,
H=30ft —» E="%mv’ —» P=1%PV’
Pair| am, 23°c = 0.00238 slug/ft’

2
P=150.00238x (szgoj V? =0.00256)>
2 3600
mile/hr ces ol ceyw -V
20,5 oo 4ol 3gb alaly &) oy 90 wcilizne SV (gl 358 alal, Ol gz
q. = CGn (0.00256 V?)

C¢ = Shape Factor
G = Height Factor

For Rectangular Plate —» Cr=1
For Cylindrical Shape —» C;=(0.6-0.8) depending on surface smoothness

Smooth Surface —» Cs=0.6
Rough Surface —» C¢=0.8

Z: Height

N=1/7  Open, Flat, Open Country
N=1/4.5 Town,....
N=1/3  Large City, Center of City Hyuildings > 701t

Subcity Large City
V=V, (Z1/Zz)n
Fw=q: X Ayind
Fy = CiGh x 0.00256 V* Aying
Awind = De.E

D. = Effective Diameter
R.Moss > ODyessel T2 Thkinsulation = D.

b (RIMOsS) 5 Jgoz @b De comles Joo 3% 59, |, Platform 5 Laddery Piping s.alyss asil>
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Piping+ Ladder & Platform Piping Without Ladder & Platform

D, < 4ft 2D, 1.6 D,
4ft < D, < 81t 1.6 D. 1.4 De
D. < 8ft 1.4 D, 1.2 D,

P bl Jae a4z Lo 1) o] plys (oo iS5 s otal oty Jga 3 5l (o p0 o &5 2l b gl pe 3k el 50
B 18 dle 3590 4S5 4SS 15T b 0iS o s ol 5l (S0 AT ol
Fy = C¢Gy (0.00256 V¥) x A

F3

h'2

10m
F1
h1
V3

s oo ol 53 Ll ik (o GE0IS ) Gl L G (85508 45 Sl a5 B
VM —» 1=V/A
o =MC/I

o, =Vo’ +3r’ e
MC M
O, =——=—
¢ 1 V4
Stress Combination Load Cases

LT aS 0gd S b g 0,5 18 alisee (5081 g4 itz Cov dbasd G jo 35 Sl Sew calisee Loyl jo

ORESCRRENRNTEL NTFRSPPCIIES L0

A.AL: Sl ‘SSUJ.\: .Ia.:lj..\..: U‘" 6‘)’ u)?bﬂ 6‘)’ 03 uL?:.u‘ Ceolsns

O 3t t +aou | Wy ! f 10'1
Live Load Dead Load Internal Pressure
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Wind Loading s ,b

Live Load : o = + Mc/I Dead Load o1 = - W/A Internal Pres. o1 = PD/4t
M W PD
oL =0 ive+6 ea+6 mt, — — —— +——
L L)L L )Dead T OL )int . 4t 4
M W PD
oL =0 ive T O ead T OL )nt, =- — ——+——
L L)L L )Dead + OL )int . A

oL >0, Max. Allowable Stress=S X Ecjre. —— » % 1o VOK

'ECirc

9L > 1= Recalculation &t T or.ET

= Circ

oL <0, Max. Allowable Compressive Stress=S, —* %L -1V Ok
S

c

o )
S—L > 1= Recalculation & t T
2aS Conl oy 4 ey

Sail| tensile f(Mat, T) x E

Sai

Compressive — f(D, E, t, Mat, T) —> D/t, E/D — A —> (A, Mat, T) — B

alises dLQ-ﬂb sy Sall tensile O30 O Lol o)lo uchu 0diS 00,95 > b oons 03,95 cJ> BN Sall Compressive
35 ke e oSl i Ll 4 a5 b i
Live Load: Wind, Earthquake

Dead Load: Operating, Empty, Hydrotest
Pressure  : Internal, External, Hydrotest, No pressure

3o winlyd &l alole (oS5 sl L wipd S5 R b g8 slells azsliz
Wind + Op.w + Int. Pres.
Wind + Emp.w + Int. Pres.
Wind + Hydro.w + Hydro.Pres.
Wind + Emp.w + Ext. Press.

kW=

> e 59 9 ,Lad 5l Hydrotest Loy ;o Jle job 40 auls i (6,138 ,L sl [0 cadls g cds b 4!
Bgd Cole,y o opl e cwl Hydrotest ole; jo alil; 9ol )L 33% 38,5 s jo 4 55 assbis g 09 oolizul
Load Cases iz ;o a5 04d oo 48,5 ,lai 0 (0,8 i Oy90 4 )18 ,L oglae <Jl>= 17 ( PVElite ;o ™IS

JJ}M} < o
Earthquake Loading 43; ,L

Say 3l b (5555l oliiS (35 o )leo o S sl alse I (G jlid Caxd (g0gee adT e (3B (i o
el a5 slal e
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plys s o il Blis jo a5 cosl gl o3l (225 sl Jolo 5 320 eluly gl e 3l sl gl Aok
ML} LSN u_i.uyo)[b ;_;L:Lwy ;_;)9.0 Le) "Lxﬁb 9 Sl ow ‘}h> 6‘ A.J)J) ;_;ls).> RY| OQ)B]

39 o i ] )3 o35 a5 (gl dilate g 5l wyle W SSU 3P ) A5 o e 0 &5 el Jalse
LS 390 dilaie (ra) g S lsle g 35 w9l 0,90 (Seismic Zone)

b g cnl 5l (o850 ))0 45 (59 S 4 (350l Ceand 2 g 098 (o0 )l b 4 (B Jb SO W esBy (e 50
g (oo plonll 25 g0 dlils (2550 5 SBn b bgrye Sl UBC 97 51l w57 (oo o

_ Jr_ 3 % e .
' F=—"1xV
I FE-. Vtha/
| " V=2_F
h2
o —_——da—
By F1
hi Mbase = F}ah3 + F;hZ + Ehl
ZI
y=ACy

R
V= Total shear at base
Z = Zone coefficient
I = Importance factor (usually 1.0 for vessels)
C=1(T.,S)
S = Soil factor
T = Vessel period of vibration
W= Wop/ WEmpty/ WHyd
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PVElite )|)3| er P g J..as

ISELECT MATERIAL

Zel sais a31)) ASME Sec.Il, Part D, Subpartl o calisee slales ;o JU %o glgil 6l Ll polie 5 5lxe slo 25

e 030,5 oLzl ASME Sec 1T I SA-516 Gr.60 U e sl b Sl

TABLE 1A (CONT'D)
SECTION I; SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS
(*See Maximum Temperature Limits for Restrictions on Class)

Alloy
Desig./ Class/

Line Nominal Spec UNS Cond./ Size/ Group
No. Composition Product Form No. Type/Grade No. Temper Thickness, in. P-No.  No.
1 Carbon steel Plate SA-515 60 K02401 1 1
2 | Carbon steel Plate SA-516 &0 K0z100 1 1
3 Carbon steel Wid. plpe SA-671 CB&0 K02401 1 1
4 Carbon steel Wid. plpe SA-671 CCe0 K02100 1 1
5 Carbon steel Wid. plpe SA-671 CE&0 Koz402 1 1

TABLE 1A (CONT'D)
SECTION I; SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS
(*See Maximum Temperature Limits for Restrictions on Class)

Applic. and Max. Temp. Limits

Min Min. (NP = Not Permitted) External

Tensile Yield (SPT = Supports Only) Pressure
Line Strength, Strength, Chart
No. lesi ksi 1 III VIII-1 Mo. Notes
1 60 32 1000 700 1000 cs-z 510, 51, T2
2 60 32 850 700 1000 Cs-z G10, 51, T2
3 60 32 NP 700 NP €S-z Se, W10, W1z
4 60 32 NP 700 NP Cs-2 56, W10, W12
5 60 32 NP 700 NP cs-2 56, W10, W12

TABLE 1A (CONT'D)
SECTION I; SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES SFOR FERROUS MATERIALS
(*See Maximum Temperature Limits for Restrictions on Class)

i Maximum Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding
ine

No. -20to 100 150 200 250 300 400 500 600 650 700 750 800 850 900

1 17.1 17.1 17.1 17.1 17.1 17.1 le.4 15.8 15.3 1.0 10.8 8.7 59
2 17.1 17.1 17.1 17.1 17.1 17.1 le.4 15.8 15.3 13.0 10.8 8.7 5.9
3 17.1 17.1 17.1 17.1 17.1 le.4 15.8 15.3
4 17.1 17.1 17.1 17.1 17.1 le.4 15.8 15.3
5 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3
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Occurrence
S leo Lial8l 31 o Sapp 8l a8 09 (0 003 Jgoz 50 9590 dix b 90 ¢ ume (i S5 51 il Gedii! slao¥d oy
aglite ;505 b oot oous Material Properties for ... oz 0 a5 sla NOte [0 09 ol &iglie 5,2
D9 oo 00925 Lozl o, F1 oS 10,28 L oy Note o 51 s i Sledbol 4y L5 asslis

Composition
S oo el 1) b 2o (s5LIT Slgo o g oS 5

Form
(.. s Pipe, Plate) ais’ o pdlel 1, oo Sl JU e ooliiwl g3
UNS Number
(Unified Numbering System) oS o @51)) 1, a5 0550 (et Madl oy 0 laslil o, Lo
Class/Thickness

s siogime BOIt i Sy (sl o Gy Jlio lsis a2 035 oo pDlol 15T alies slagoogiome b i 3,0 i
5 Sall 5l Gls5 on S oo 1,8 o3game (pl yo 45 glaslad sl 4S Cesl psgie (& ouds WMl 4 < E<T & e
g 0l S5 LSy sl Note 5 LS, Composition b eole g0 azslix .0ges eolitwl ;353 sole Syield
5,ls wyles Class/Thickness ;s

Normalized Material
e 3l Impact Test sla soxejls el sl 1581 o5 058 o el "o g 0l Slawls 10 (5,56 435 oy
Sl oolainl abogs 4o

P Number

The number of welding procedure-group.the classification of materials based on hardenability
characteristic and the purpose of grouping is to reduce the number of weld of procedures. (Section
[X). All C.S. materials listed in the Code (with the exception of SA-612) are classified as P-No.1.

Group Number
Sy o5 Sglae G NO. b iz g0 6l PQR @50 (s a5 asl Impact Test 4 5Ls a5 o ls coeal Sl

5 eiiad glate Gr. No. Jy o Lss P.NO. 4l,ls SA-516 Gr.70 3 SA-516 Gr.60 Jiwo jsb a4 aib LSS
ges oolatwl SA-516 Gr.60 5l SA-516 Gr.70 L. PQR ;I lg5 o5 ol Impact Test « 5L a5 5,50

External Pressure Curve
(ASME Sec Il jolu! 1) iS5 so s a5 0550 i slp |y ()15 lid Slowle ;o eolatwl 5,90 v

ol 0als 0oly Calizen (glales ;o Lla5 5,50 oole jlxe S 35 jeu 30 H0lS el Chonns S o %

i gy

ol K5y b a5 0,50 0Vg8 b 8% 31 2w Ni 3 16% 5l i Cr 5 31 -1

azliz il ead Wbl Divil 1,k o5 Design Constraints ;o o5 coul 5,50 50 398 Jghis 5 Slwwsg -2
o po 3929 b Ll S o s Yield Stress 4 Tensile Stress jlase 048 oslazl BS5500 L Div.2
ccls quplys DIVL] & s Sglite jlome laias cgliste Lol
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5l o i3 255 4 SA-283 ABCD 5 SA-36 (clyll 2o 5l solital esgumo -3

SA-36 and SA-283 ABCD plate may be used for pressure parts in pressure
vessels provided all of the following requirements are met: UCS—6 (b)

(1) The vessels are not used to contain lethal substances, either liquid or
gaseous;

(2) The matenal is not used in the construction of unfired steam boilers (sec
Code U-1 (g);

(3) With the exception of flanges, flat bolted covers, and stiffening rings the
thicckness of plates on which strength welding is applies does not exceed
5/8 in.

IDESIGN CONSTRAINTS|

Design Int./Ext. Pressure/Temperature
Q%Q)ljflj.’oulb)b@) &‘leﬂ&ﬁ) ‘)“WL’@WL}J‘)Q

Datum Line Distance
ol @ cwns 1y Nozzle Elev. b Lolgd olgn o o] 516 0,5 (atin ) a0 b Joe oy oo Coond ol 5o
2,5 ‘n)l.cl s

Hydrotest Type

09..» < UAM Mﬁ)m )L.v..ﬁ ML?!A 052.3

S.alll | test
A = Lowest Ratio of

S.5111 design
 UG-99(b) —» 1.3xMAWPxA
UG-99 (b) (Footnote 34) — 1.3 X Ppegign X A

PHydrostatic

<
Acc. to UG-99 UG-99 (C) —— 1.3 x MAPnc

~~ UG-100 — 1.1 XPpeggnX A

1.25) o oo oolaul 1.3 > & 1.5 o y0 5l Ssliwg,oup dulxs sl 1999 Jluo 51 8 oSl 53 LB S
DLl 5l e (55 dwlme 4o ) Jg20 @dly 40 (SSlegny Hlad o 1.1 sl
Add.99

S,y = Min| —S,,=S, | = S, Mm( St,zSyJ
4 7 73
g oo planil ) Caend o grlai
Tools — Configurations — Use Pre-99 addenda (Div.1 only)

PVEIite ;o .aigd oo Cond (8l O yg0 4 0,05 0929 (63908 O jg0 4 il g youn ISal 45 adi o 5150 "Boes
as,5 ks oo User Defined Hyd. Pres. ob 4 sl 4035 cle o a5 wls plosl Sl b 4 1) 01 o)lgs o3
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S8 3Rl Djge (nl )3 a5 9,5 s )ly A S (nl 50 5 0 Anubre (s jsb Al Cendg i LA (g oe oS 0ud
09..» <° )‘)5| ‘n)) .Ia..w}) IR W) ML?!A
Hydrotest Position

Py

virotest l-apﬁr”m" +{gh ol Ol g0 A Wgh Cond (Bl O jgo Ay Cannlino a8 o (g0508 (e

Projection From Top/Bottom

Sz ke cal g o)le 13 oy p3e alali o yunllin 5 Vb 50 oS Sl (iU @il gl 5 5 () gl Ol alold
o9 o a8L5l e Sl b g glis ) 4 UG-99¢ Lol Ssbia wo g

Projection From Bottom (Operating)

dwle gz Jlade ol g o)ls )13 ime adads (5 el jo aS Cwl J56 w8 mhaw g 350 () e Lo alold

Min. Design Metal Temp.

2,5 Slawlee jo (6,50 a5 ol 35 b sles JBlas
Flange Distance to Top

dwle Sy jlade cpl g o)l 13 it adaii o YL 0 oS Conl J3U mild mha g 5 (2, mhe Gl Aol
09 yuo )&UG-99(C) U"’L“‘“J » 6‘15 MAPnC

Degree of Radiography

9 (o0 paseie UW-1T b S5 500]) 4 j0 cpoles JS& caond ol o

Miscellaneous Weight

0,5 0575 Ll 3,5 Jve Qal a8 Lol 51 (55 039 0005 sskaie (sl ol 35e IS 3 3l 50y

User Defined MAWP /MAPnc

DS oo dmlne | 5095 &gy 58l 0 5 aS ax ST )5 5l s Sygo s |y polie ol gt

Additional Oper. Static Press.

0P YL o Blal Ssleul jLed (o5 jshaie cux
Use Higher Long. Stress
g jehaie jle i ye |, 1.2 oy Olgie o0 sl Lol bl b oS 5 el ‘UG'23(d) &b

Hvd. Allow. Unmodified

S e Jgeme bl 5l 5YL jle (a5 ams e o3lx] a5 (63150 4o (Occasional Loads) 8ge sla)l 5,50 50
S ool b o ) 5w aS Sloy b g ogd plp 1.3 5le (55 am (o ojl] Siliwg jaud S 350 50 g 4185
1D yads (oo 3l i abaly slow 1) s abal ) K55 0o slaoYgs 0550 ;0 b wils o jle [, 1.2 oo 05 o

Sall SS. = Mln( O.9Sy, 2/7 SUT)

S 041y Sl SSL 5o g oS a1y s g,0un Sall algsu 095 zlib a5 0h e SRl e ,0 4T oyl

Page 40 of 79




Consider Vortex Shedding:

Lol ooty Sy bes slo (25 4zl )0 0,00 5959 Wind Vibration Jlus! aS o4 o oolatul Jiee o
Ngh o e Load cases cwnd ;0 VE, VF, VO sl 135 L )] Gl
Corroded Hydrotest

IS (oo o oo 0095 (5 (59, 2 |y Cundg e Lid

Hyd. Allow. is 90% Yield

G5 pln 13 casgiae sl 25 (o2 iy yska c0p o0 YL 098y B 1) cudgyune jlre (05 jlade 43S ol
el Lo (slos 5o e e

ILOAD CASES|

20,5 sanlie 1) Ly 38, (g lassl @dle g5 Gl (oo Cannad ol 0 F1 als" (05 b

5/ Stress due to combined 10ads cud 04d (o Guend ;00K LS 0 calize sla,b oS 5 Cond (ol 0
9oz b oS5 o Gl Gend Gal ol (35 i szl g5, oyl oS 5 ST qmn A Gl 5 (25
5 S e e opdle 4 P b S ol 51 AL e 5 E8S  olll a0 5 )b 5 sl Sl
L5l es il s 0l a5 0y 5 ) sl jlove puslie 4y (5L g (o285 3920 (Sledil Cond (rizmen 5 5)L2d
b Gl sie pledl culies b &jg0 (al e 5o il

1.3 o)l 0525 s Wil ;o aS Slo,b oS5 5,90 50 Sall.E a5 0,5 ax g5 alivs ol &0 b ol s o Lo 5
sl Julss )b oS5 sl asl eas sl Use Higher Long. Stress au ;S asslis ogi o 48,5 a5 10 ol
255 ol Sl UBC 97 1 é il 4 bgrye (slasS )5 (izpan 5 995 (o0 43,5 )3 50 SallE (ol 1.2 50
Apply per au ;5 axili> UBC 97 5,50 j0 Lol 095 oo Al ol Jb oS5 slp San B oo 5l 1.2 el
A ey blod 1.2 o o lad cou logond lp g 1.3 Sat B jlxe s SKirt gl w08 Gl 1612.3.2
ol 5 IS 5o iy 35 45,5 155 50 a5 5 ok Sk lepen S 039 95 31 o o 4l 5 e b sl
2 25 Meoges el 58 BB il oS oo 8 (b live e S sbml (s Gl 5 )b 5 w3k e as Al L
)l liles jlalol> sletss Jlio yo (Slaiz Sooal (25 )L

oad 03,3 > 0 aS sl opl 3% (Non-Corroded) b (Corroded) cdl> awslis 5,90 50 ;53 JB axSs 5
JE e 50 (9 )ls 09 b praditae Sand o5 395 (o0 A5 1 ol leslen (a5 el (g cansl by (5 039
P S e oll Wy y0 ol Gy &S iS5 Gliee 4l j09 Wl e b walks Lrals cde & 55 VC Jlaie
099 o el Bolo 598 Cdlas uSe 0uis 00,55 > jo Lol Liewl oaiis 00,95 Sl 1 iy oud 00> Il
Lilos 5 0539 51 G# Lulrd 5l plaS o jo w5 Sz sl gk el ity 5 TC Jy sty 35 Gl (o 5 it
SI/C L el iy

Wl ™ MEarthg, l Tobe [W T —»MEarthg, T

Corroded Non-Corroded

IC l Compared |I/C T

Page 41 of 79




Global Scalar for WI/EQ Loads

bl Lol b B gl opd (e aid Sl o Glre (A5 Sl ey W g 0k (b laaS gk o
o e (lsbone 4053 53,58 L bg) ol ol ealily 5 0l Iyl o5 Sl b 4l 2,8 i 53 Sio |y s ol

Aiiws odalie B 55 Load case Jgom 0 a5 s
Vary Compressive Allowable for Internal/External Cases

Allow. Compressive Stress awslze ez I, >3 5 d3b b sl iSlas (5,8 (i Oy90 a0 58l 65
oz 5l sles g (A3l Jlid )b (ol Sait aslre cgz 1, (3 )lid glos any 38 ol QLI b Ll 08 o L 5o
ol b Jy 0g valss 5 golatdl >k ol a5 285 salys i o > jlad (6l Sal 4wl gl
ol ST gl il bl e )5 7 i on (b S (55 bl 43S ol S L S 55 g S5
G b @ cos Glaizr i leo a5 b o sl 70 50 Glae s S obn) Gl el Sen Plant o1,3

Sl Ll jlad cou
Corroded Case Components WE, WF, CW

oo)9>' bh_a.a 9y |) ol 00)95 )9 “59.3; 0 ﬁL?u‘ AW 00)95 cdl> BN ul...wbu J@Lﬁ) D uLz.)‘ 4..); u.:‘ ;‘
MQGQ)L.S W oé)th.a.aLgﬁ) 0d oé)yu)s sM; L)'" ;.;L?:.)‘L)w‘ @5‘5).9‘5.]5 AS.L.S‘SAUQJ.B 0d

Installation / Misc. Options
Shop ,» Lining s Insulation, Tray, Packing, Platform Jels i3 (oom elizl 0,5 s o)lg oo bxl jo

2 egas 56 nl s WIS oo 3l (55 9 )ly Sladlas 5 eis 4o b 43S (ul a5 Wsd (o i Fleld o
.).45.\» &° (W=} olf)Lf 3o U)’m )‘ ‘;|).>| a> 4&;.)‘ 9 09..» <° ﬁL?u‘ olf)‘.f L HYW Cowd O Sl )J a..ob S ULQ)

2,138 ‘saf|w ‘nli;.a ol oy
Nozzle Design Pressure Options

S oo e |y 3 (b jLed aulone 055
WilS e g ool By9 ¢ J3U ¢ mdd i Sl 4 sgamma yy5e MAWP a5 058 o 2 ykae la Spec ;o "Yoors
ol o Ygoma )5 cpl gl igs b o35 MAWP L Design Pressure sl> s <l opl conl yign oplplo
298 ol MAWP + Static Head 435 a5

Consider MAPnc

Consider Ext. Loads for Nozzle T,
b b ool sy Caolbes 51,51 AS 098 o aetd 5 Comd S Tas ol b S ol 18,5 o b
09..» <° OQLQ.M»‘ J)L) )L».) 0)9A aja..u ML‘?:A L§|J‘) U] )‘ s.).ml) )..M ‘5>)L> 9 ‘;.>L>

Consider Code Case 2168 (Div.1)
sl Wlgiol ding & Jate seled LU (Fughh dmlne Caz by, S

Design Pads to Reinforce Openings
D9 (o0 ,l81g 5138 0 5 4y S50 (gl Cualied g ylad acwle
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ISEISMIC DATA|

Seismic Design Code:

il o UBC 199755 Lolul 53 b3 3l a3 b oyl o el Cg>
D98 oo oI No Seismic Loads 435 canls aly; 0,5 Jow 4 5L a5 ,50 0
Seismic for Hydrotest (%):

iy BT e s e )3 39 (o0 Ll aS Al L (B8 (595 5l g0
Importance Factor:

1<I<125 55 oo g2 UBC 1997 55 16-K gaz 51 o Conatl
ayo il o Plant o coldS o b cusl SUohas soldl 398 Shgime syl pols 35 a5 ol (50)lge o

g o 00wl 1.25
Seismic Coefficient “Ca ,Cv ” :

s aibaie SB Lulos 5 (Zone) aljl; Jos 5l ol a5 a3l el
Near Source Factor “Nv ” :

Ny=1.0 e 5 cpl @ a8 asl asls jglxe ol

Force factor R or Rp :

22 Leg —Support ;e sl

Apply Allow. Per 1612.3.2 :

) 43S ol Bl b bl s a8y sl 25 50 il 4668 e UBC 1997511612.3.1 GIS1,L wlal 5
5, cums ) Use Higher Long. Stress au ;5 , g ol an 55 ol 51

YL ) 55 (D (s9m8 Su ¢ Wsd (o0 drloe A5 1L sln Jgere b 4 oS (alg i 5l e wil (LS (b sl

1395 (o0 bl ()35
T<0.7Sec —»F;=0
T>0.7Sec —» F;,—-Min(0.07 TV, 0.25V)

F, = Lateral Force applied at top of Structure (1b)
T = Period of Vibration (sec.)
V = Base Shear (1b)
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Ewaa+Eme Qlwd juitio Hhad b ablas gl jls 45" S3le gl Jlo olaie 4
H? . e ” :
T=(ﬁj EE(R :.»ﬂf‘sa)l)sSklrt S99y 9
10

3
tA~y

%)
L

ey

Shear (g, .55 oo sbl 35 b ,0 ol (s Hleng oo sl (y5ee YL ;o a5 cawl B (59,5 5 Fy

FhZ(V—F;).;Vxh}’;/IA bl ol 55 5l Caend yo o a5l st
w.h

I}

...... ) u).‘z.o O9° é)Lq 0 JA.«A LQLQA)L) su).?ba o)‘}.{o )9 J.QLM: w‘uﬂ.?ufb LQLQJ)ﬁ ‘sﬂLQJ WWX Q; R

WIND DATA

Wind Design Code:

a5 bl ok (0,5 Jaw 4 5l a5 50 40 il o UBC a5 ulul 5 b3 sjlgecls [b (>lhb oS s g
Sgiua wlsesl No Wind Loads

Wind for hvdrotest (%):

Aiay Bl e Cand o) yo o, = Jztas ol b 5l (gasyo s
Base Elevation:

2,0k )Lid (g5, peions Hi AT Gl (3500 &S (6,05 )18 e gl

Exposure Constant:

Slesle asle (58 wlse o 9 5L (9 6l Yoere a5 cunl ol 159 (oyme 50 jadz e &S0 5l cl (5 )Lre
Sy oo aid 3 L o Bxposure C . ooig

Importance Factor:

1<I<1.15 .op‘soooLé.:LJUBC s 23-L Jeaz 5l as caenl o

Beta:Operating/Empty/Full:

Wind Deflection
Syl Sz coeal ln Vessel syg0 10 39,038 o 5l Tray o,5,15 69, 5 onl g sl p o yiius s oyl

R R
Max. Allowable Deflection = £/200, 6in./100ft

10,5 b2l 13 e 10 g8 o 1y sle o (] . PVElite ,
Tools —» Configuration — Allowable Tower Deflection
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LININ

S Dol 0y (oo plml o 03 ledarme 1o (59,95 Grizren g oolaBl Dllimde (285 a5 0 Lz Jes
53 ks g s (oo 13 )l g (5003 Jlie ;3 polie Slge Sl sl Y (gu)S Ve Gz 5l By (L a9,
20,5 o0 pll g, dw & Y ol ol (ASME Sec.VIII, Div.I, Part UCL) wS oo 51 (5 (39 Slewle
Clad -l
o5 oo oailing Ti L S.S. 51 ol a¥ b ()il s, s "Vaome) oniles il ,1S 1o Tl 51 L5 50 3y
Lining -
085S Al 5l 6,y 6l aims o s> 0ylpd (59, S.S. iz 5 IS X 15 syl il b Ll
9955 ) Br5 5 00 o)l o 00l (mgnzme slop U ond et alaSysm Ll 55y «6yKhsz e B9
S (oo 39 ST | LS ygw al ) 8092 I g
Weld Metal Overlay -~
695 5.8, 39580 b 0,5 eolanl LT 5,90 ,0 Lining L Clad g, 5l oy ood a5 Slakad g Lzeils o
e oo JeSis ol Y ka5 je0 mokaus

Distance From "From' Node

ool Gl slal Node 51 Lining g4,8 e alols

Height/Length of Lining

ol a3 )5 B LINING o a8 cel 55 5 Job b glis)|

Thickness/Density of Lining

Aol e Lining culs 5 JE>
Full

L g0,5 o, |, Height/Length 4 Distance sla au;5 o)l oo 055 LiNing Jles oLl coled ol ,has g azslis
5,5 Lining 1, ol mla  oles aaS's ol 51 eolasal

Lo o) sle 4 g eoliisl Jgile opl 5l ol o Demister ¢ Demister ;0,5 Joe sy

Distance From "From' Node

ool Gl slal Node 51 Lining g4,8 e alols

Height/Density of Packed Section

el ] JB> 5 (cwls sle 4 ) Packing glas )|
Full

i S 55b 23S 53 polia (53,5 5y 4 sl bl o, Packing by JUus ol plos el
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Percent Volume Hold up %

D9 oo ez Packing lawg a5 sbe 5l gaoy0

Liquid Specific Gravity

ol Packing o ogome golo (ogase (45
Add New Packing

g oo oolatwl T 51 enles o gl Packing g4 six audlyse oldl G 0 azslis

e le Coond ol 5o 5L glgil
Insert Nozzle with Reinforcement Pad
Insert Nozzle without Reinforcement Pad
Abutting Nozzle without Reinforcement Pad
Abutting Nozzle with Reinforcement Pad
Integrally Reinforced Type
Hub Type Self-Reinforcing

A o e

L (6 55 5)l50) 5,5 eolanal Self-Reinforced slyjb 5l oly oo Cyclic )38, Luls o b jLad sl o %
D9 oo oliwl FVC Catalogue 4s5s 5l b Heavy Barrel L Studded Outlet l ooliiwl 4 5L5 assb>

(a) pipe and slip-on 417
flange (b) pipe, weld- ”_‘1* "'D
neck flange and

reinforcing pad

(¢) forged long weld neck

{d) and () forged long —Y
weld necks with integral
reinforcement (f) as fab
{d) and (e} with

contoured base for butt

welding into barrel

Y
L

-8k

.

™ S
WEJ ex ) X

@) 1

Just Like

S b L g eSS cnl sl esliinl b ples (oo (ol 09,5 Je 5l gy 00,00 9929 (350 50 alie J3b iz b g0 a5 Sle
.Q;JM}Q|)LQ31‘§;)|)§J"‘5ﬁU

Is this Nozzle Connected to Another Nozzle?

(0 J3b e § 998 (o0 Je hol 30 lol L oS e eolitl 43S opl 5l e ol axsls Branch J5b o asili>
oS oo Sl 1y Lol 56 U Parent Nozzle a5 51 a5 ol ol 5l e (o8 J56 ledbl plesl 51 u
edlae (piz dalgy #lib asilis> aiies Bl Reinforcement Area ol 51 S48 sloJ;t ASME s s
S Jad 5 ansS sl sl S sl sl

Tools —» Configuration — Compute and Print Areas for Small Nozzles
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Distance From “From Node” / Elev.

oo 58 e 5l alols wols 3 wae (59, azsli> g cusl Node gl 5l alols oo)ls 1,8 Shell g5, J5b oS > 50
(05 0 ooliiwl Elev. 5l oous IS Datumn s b auslyse 4S5 g0 50) ool
Layout Angle
<l Shell/Head (¢4, J;t Orientation al;
Hillside Offset Dimension L or Angle between Shell & Nozzle

8,5 e |, Shell/Head 55 0 bas 4 s el Elgl g oo Ll SaS & oS siten ol a5
Hillside Nozzle Direction
WS oo SaS (398 43T 90 dawgi odd Juw J5b ey Gioled 4
Diameter/Thk. Basis

D < 14" : Thickness Basis = Minimum — Diam. Basis = ID or OD
D > 14" : Thickness Basis = Actual — Diam. Basis = OD

Actual Thk.

33 99,5 3)lg Wb 1y J5b (omly cualies Jlade an3¥ ol 5o sl ol Sl Actual as 5 Thk. Basis ;) asil>
D9 oo o3l None a, 35 Nozzle Sch. cwd

Proj. Outside/Inside

QIS o et |y e (3D g )5 b 51 56 Projection

Limits Diameter/Thk.
2 obsl a4 56 SO bl ol sogame s 4 LS a5 05 o 18 solitul 990 Sley Limits Diameter
5 semd T < Reinforcement sogases (o S5 b Ll 0l 50 Gglome lad3b 0,95 50 (50,5 G,k ) aib
L2 51 0l5 oo abes cnl 4 isd ol Sloslre oJfy ish (oo @y o0l el Al (g o5 Ll 5 Cosls
(UG-42) 5,5 6,55l yslme J3b 55 oo Al S yitie 4l 53,8 wlos
ad 5 L 0 Culs edgame Jlie Glgie 40,18 sage s b atiS YU o asul alie aaldsy s Limits Thickness
S oo el )5 5L 3.k Couplings L Studded Outlet ;L ,s 1, Reinforcement clwlws ,o ous

Limits of reinforcement

Limits of reinforcement

Openings

(a} Two Openings Spaced at {b) More Than Two Openings Spaced
Less Than Two Times Their at Less Than Two Times Their
Average Diameter Average Diameter
Overriding Weight

) s 0550 (159 Wlg (o0 38 )5 o ol b osd (oo dnlone 5095 jokay S50 (459 s cnl S99, oS 0,28 L
S 5l e jghay 095
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Groove Weld Depth

Mozzle

artial penetration Weld

Weld Leg at Pad OD

132£|nin.

Outside Fillet Weld Leg

™ —Blind F lange

Sy o2 g Pad 4 by ye Groove iy Gos fuund )y

axliz .ol diwg g J3b o GTOOVE hg> Gee rms

Moo 45) a3k ol 35 g5 5l i ool w3k Sias

L Pad culxs ol & g pl Bes (Cunl jolaies

oS HBlge 48 el (a5 cpl 30,5 e 4 axs) Shell
5 eVl L 5 oyless 4 coens Pad L Shell culses
ghb a5 o5 sletsgamme b an S ool gl )l 392g JolS 398 b (6,052 (sl J3U w0y s dese Jlez]
SIBlind 5 255 U536 olos 511, Sz s8 J3b a5 Sl Mo 5,05 oo sk 4o Shell L Pad culbss 5 jeS olies
0 gz Blind 4 syl S8 J56 aiy 5 oo e

2ok oo Shell w Pad g, ad Jlasl cgs a5 Fillet og slo

Min Weld Leg Size = 0.7 tyin (UW-16)

3,18 1,8 Outside Projection cw.d o Pad 4 J;6 L g Shell 5 J;b oo a5 Fillet jog> 3le

Shell H oz zle

W

Leg

Shell

Inside Fillet Weld Leg

Fad

Shell /
Pad Leg

Shell

Nozzle

Fad

M ozzle

M ozzle

Min Leg = 1.4 t.(UW-16)

Shell 5 J;b oo a5 Fillet joe> slo
Inside cww3 o Pad 4 5L L

5,ls 1,8 Projection

Min Leg = 1.4 t.(UW-16)

oS Sl 58 50 1 he Bl b (59,95 9939 JJou «ue s Inside Proj. a5 b o
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Weld Type

oo el FIZUWI6.1 jo (ogx lgil olos (sl (9> Canglin Slowlons g Sl NONE 435 ol (sl azili>

S 9> €5 e b olg oo il suds Blae Slwloes ol STUW-16 0 a5 ail 69,150 5 og> g9 aziliz Lol .o 5
Sges 675 gl ity Sl plovl

Neglect Areas

Sed o ylats o 50 a LAY CAL sl mabw b)) 5l

Tapped Hole Area Loss

1 Jlade ogd Bl (gl mlaw 5l (A5 (e a4 axiliy

Vmbw|ujlfsu9ﬁc!aublﬂdlmb'|45
Opening
Areato be
cut from pad.
Weld Line
Local Shell Thickness
Dgd oo mets a5l yo o] Caalies g eolaw! Insert Plate ;| J;b Jlas! Jowo o a5 Y WIgR
User Tr

D58 o S Jlin glie & 355 o 35 23S () 53 0Bl lS fESe oS e drlons by 4 51 e by i
° 0)19 tr Blind Flange )LXO.A tr Flat head LQL> Le) 4..0; u.)‘ )é 9 XS <° J.).A Flat Head 9y |).)T ‘ Bllnd S9) J)L)

V_{_\ ) e —- |
- | L r.__,_a-ElIind —~——FlatHead

09..»

tr Flat head # tr Blind Flange

Blind Attached

o5 50 S |y 43S ol 05 cai Blind Flange ks Jib ) azsliz
Manway/Acc Opening

2 098 oo pll UG-45 ol i35 ol ol b sl Handhole L Manhole g451 lasas J5b azslis
Sgii ookl a8 pl 5l as cowl jign ases

ols ploxil 1) 05 laladl lgs e el SIS L3l JLad e J3b Cuyeis azslis #

(Concss (golazdl 09 Lo )l UG-45 485,90 ,0) b ilj8l J56 Sch. -1

oy oyl 5l wls Drain ¢ Vent 5,50 ;o Jle olgie & .0ib jlxe 455,50 ,o Internal Projection ;| eslawsl -2
g o0l
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bz sl 035 Sz 3
oo 5l oolansl -4

St Sy (Sl e oS S50 )0) Bl (0 398 3)lge 2 ogdle WSS CliS (2B Lid Co 5L oo azsln %
08 Sy Jibarl,

oy 3l Bl sl wed Jaw dgame ledl bgy 4wl g 0,5 Judss WRC g, 4 ol oo 1, Hillside slJ;t
S5 o oolitl ANSY'S | Nozzle Pro. wile lal3l

2 $gd ol DIV 5l slge sl ol sl <ol ASME Sec. VIII Div.l bl WRC o olge Gl slue
3550 95 Gead sl gl a3 Slge SOl Sl Jsoz 50 58 WRC 107 Jsile 53 55, o0 3V plibl o yo &y
551 a5 ,le WRC 107 Jg5lo slo 4035 .0 ,1s 0929 olge bl gl s

Import Nozzle Data

255 3l awain 5 Sledbl plos bl o0ty Jow PVELite 15 a5 1, J5b 4aSs opl SaS b olgs oo
Analysis Type
Sged oLl (g0 el slo 133l o 5SS ) FEA L s WRC (g5 o a5 el 50T g5
Attachment Type

el 55250 R MOSS (bS5 g Jsloz 5 sl 1) abogs po sy ail (69,310 peé assiliz Canl aioy 4y JLail 0955
Vessel Type
aF il ool Jate wos 4 J3b amilis 5 Cylinder aujF sl ol algisl atngy o J3b Jlas! Jore asslis
i o olesl Spherical
Diameter of Vessel

Spherical a5 ;50 ,05 955 o )l 435 ol 10 35 Hhad i Cbsl Cylinder Yu an ;s 0 a5 S50 0
W.SLQ.) «? Q)lj ‘) CI‘OWH sL?u‘ )Ja.ﬁ s.).ml) AW ;.)L?:..u‘

Loads Tab

Input Loads in WRC 107 Convention

ol Sl b asS e il o WRC 107 sl g, b1y ()5, 4 bgs e ledbl 530 o5 438 ol bl b
i e plzl S.IL g Stress Summation wlles
Input Loads in Global Convention

plxl 5.5 Stress Summation , S.I. 5 5g8 o <8l 0 6yl Slaie piacs 10 b (I35 ,b ¢ 43S opl Gl b
WRC 107 i3 ,0 PVELte ;o 085 o <l o Jib g o liwly jlop 05i oo 5baS 5,05 0. cé,5 aalys
S iz bz il sgee Ko 4wl S35 O S yell b lied aiil (silse o b 3L 5 sy il

e et [y (35 Liwly bl 025 (o0 )8 (pwne (55, 3L &S Sley Jre LS )8
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Input (SUS)/(EXP)/(OCC) Loadings

Expansion L (2l 4S5 slo,b ol Sustained ¢4 51 a5 Z, Y, X ol 51 Sojm 50 o)y slaslos g log s
Dgd oo il I8l e 5 lawgd aiiws (435 4 oL sl b asle) Occasional b (blu! 51 b sla L)

Additional Input Data

10,10 092 Comd (pl ;o b3 5 lse

WRC 107 Version

Q)..«f < )|)5 oolawl S0 MaI‘Ch 1979 HYW FLERW Y <° UM&) ‘) WRC oolawl S0 qu.)‘).)j

Would vou Like to Have Interactive Control?

@b Osr @ 3l S8 e 5 gy 18 slre Sgam Gl e ofig b el )l a5 Glej e Al 00,95 Cudle &S S50 5o
o Lseal 50 1581 05 aS s cpl @ 00,5 od )18 eoliiwl 0,90 "Vaare a5 cpl 0,8 e ojlxl )15 5l el asls
WS oo paseine (1) cudle by il ools ploil Sb g0 a5 >

(Access Openings IS ,sb 4) Handhole L Manhole sb L sla azu,0 o5 (mgr g oyl pl! co

Manhole: 16" <D < 24"

Handhole: 8" <D <10"

I, Manhole ;I eslazwl o3l 55 slal 5 (Demister aile) wil S5 slal b Internal askhs coas a0 55 asili>
g oo oolizwl Body Flange ;i s

Ring Type 5 Slip On W.N. :jl pel o ls iz glgl sole slzds wile 55 Body Flange

e

Ring Twpe Slip-0On W elding Medk

\ & 4>y L as el Gasket jl oolitul & s zls o o cg>

@ bype Slowlxe 058 o fpre o] iz g g9 oo g Lid Laylyl

. { 1 35,5 oo plxil ASME Sec. VIII Div.l App.2 .k @ilé
‘ ‘ ‘ Thk. of Flange s 5o ke oS Jesw b o Bolt a5 Jlag 5
2= ! oo 31 gl 5o 50,5 i e s o8 5 L 51 b s -1

P Gasket ;os o Ol lp p3¥ g9 -2

il o
|

Gasket: Material — m(ebs,lcuyre) 5 Y (Gon ol )
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T
F. = ZDZPim : s jLad 5l b s Bolt 4 ouis o))y (59,

Fasket seating= 1 DGWy :Gasket Seating ;| _s0 oo o)1y (59,5

Da

e 00 0 0 0 0 P

e LD W, . als b jki: D

O.D. Gasket J.o.xJ‘ u“i‘ Sy J?u :DG

848 oo gl il App.2 512.5.2 Jgax wledbl 5l bo
bo=f(N)=N/2 or N
by = Basic Gasket Seating Width
b =Effective Gasket Seating Width

X
Z N
\

Location of Gasket Load Reaction

by < Lin=b=b,

Hg Hg
G==tr— hg— G-+ hg 'F=|
1. b 0.D. cantact face i ¢ Gashe i
bO >—in.=>b= 0 :F:"' | face
4 2 >
b <0.25 in.——» Dg= Mean Dia. of Gasket Z oy
I

| !
Far by =140, (6 mm)

Jlasl wled s IS (5,Lid (595

For b, = 14 in. (8 mm)

b>025in. — p Dg= Gasket OD-2b

FGasket = 2am Dg WPiy

Areq = FBolt
Bolt  Sall
Bolt
F, e Fo +F
_ _ Gasket .seat i sk
FBolt = Max (FGasket Seating, Fint + FGasket) s Areq Bolt — MCl)({ s ) it Gasket
a Sb
Lg)Lf sl ) Bolt )Lz.o oSt Sy . e slos ) Bolt )Lz.a oSt Sa

Areq Bolt | total = 11 Bolt X A each Bolt

FBolt = NBolt X Sait X Acach Bolt b Bolt (sl e 59, Sl

als Lol slaygme B,k g0 jo Straddle o jge a4 Ll (28,5 13 cqa a5 ol solitnl 0,50 slo Bolt sl n
Db 4 5l e b sae ol (s3ges g 83D

b a5 ologyei sabo 5 955 (o0 oolinl 58 (rad 51 aid gl sl cend sl il b s BOIE (5558 (s 51 o

ol olal 5 gl b atge (b sl 00l il Cald (et 50 pitians (88 0ld g Ll b al> 5o

Cualed &gl o8 o 1 abl oo 4 o035 oad Sl a5 5l 9 90 mhaw Headell (> aS 5 S QL] 6,5k |,

Flange 0.0 2 oo il38l s oy ild
Hott Circle Diameter (B COY
Face .
A= 1 =5 .
B £ Areq = Agvaitable —  Optimum Thk. of Flange
‘ %] Large End | g
b | & . ; s L
=1 | e glaidey ol L olpan |y ild o5y 5| Sled lad gy, JSC
% ‘ s oo olid oyl
|
Flange 1.0V
|
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Overall Flange L.ength
el < Flange dialog o,z ,0 « Hub Jsb 5 cuwles olss b o,S cds wb .ol mild cules s Hub Jsb ggome

2,5 Tmal o jsb 4 bl Jsb
Finished Thickness

ANSI B16.5/B16.47 Grade, ANSI B16.5/B16.47 Class, Flange Weight

ClaSS 9 Gl‘ade 9 )))Lf Ja...oy 0dl ML‘?:A )9 s.).mL.) G,J.B ;_;L.M;LZA ))Lw 9 Caalss ;_;LM»L‘RA ﬁL?u‘ LY )L».) 4.7UL.>

Ngh (oo (s abgy o sle 43S 10 (g9 410 5,90
Flange/Face/Gasket ID/OD

Ol eSS g gl 5 @l ()5 5 (S L
Hub Thk. Large/Small

(U5 ilhae) 2550 5 s Coand yo Hub culses
Hub Length
(U @las) Hub Jsb

Nominal Bolt Diameter

(352 2als> (5 oeloo il TEMA asmiliz 5 (ol (sol 58 0l UNC 055, (50 ailiz ) by (ol S8
Sketch/Column

Nubbin or RTJ Width

2 Nubbin s,e sl App. 2 512.5.2 Jgo 5.b "6 L "2¢,71d%, "1¢* g4 5l oo lsesl Sketch aslis

Dl (o0 S 4
Base Required Thickness on Rigidity

‘S.M.u )‘ ng‘fﬂl> L§|)) ‘595 o)Lb‘ Le) S uioao s.).:j.w <° ‘5>|)b )L‘ZA u,«.u.) LQLQ 00 gde U"’L‘»‘)‘) Le(.) aS @Lerz.lﬁ
595 o S 5,0 ol 31 cealis 4y ol Sl b sls o

ANSI Dimension L.ookup
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DIMENSIONS OF WELDED AND SEAMLESS PIPE
Nominal Nominal Wall Thickness (in.) for
Pipe Size, Outsid Scohadul Sehedid Sehedule 1 Soheduls | Schedi I Schedul
in, Diameter 55 108 10 20 30 Standard 40
¥ 0.405 - 0.049 ] - - 0.068 0.068
Ya 0.540 1 0.085 = — - 0.088 0.088
i 0.675 = 0.065 - - = 0.091 0.091
% 0.840 0.065 0.083 = e pind 0.109 0.109
k) 1.050 0.065 0.083 = = o 0.113 0.113
1 1.315 0.065 0.109 - - - 0.133 0.133
1% 1.660 0.085 0.109 = = — 0.140 0.140
1% 1.900 0.065 0.109 - - - 0.145 0.145
2 2.375 0.085 0.109 e - - 0.154 0.154
2% 2.875 0.083 0.120 = = — 0.203 0.203
3 3.5 0.083 0.120 - - - 0.216 0.218
3% 4.0 0.083 0.120 - = - 0.226 0.226
4 4.5 0.083 0.120 - - - 0.237 0.237
5 5.563 0.109 0.134 - — - 0.258 0.258
6 6.625 0.109 0.134 - e - 0.280 0.280
8 8.625 0.109 0.148 = 0.250 0.277 0.322 0.322
10 10.75 0.134 0.185 = 0.250 0.307 0.365 0.365
12 12,75 0.156 0.180 = 0.250 0.330 0.375 0.408
14 0D 14.0 0.156 0.188 0.250 0.312 0.375 0.375 0.438
16 OD 16.0 0.165 0.188 0.250 0.312 0.375 0.375 0.500
18 OD 18.0 0.165 0.188 0.250 0.312 0.438 0.375 0.562
20 OD 20.0 0.188 0.218 0.250 0.375 0.500 0.375 0.594
220D 22.0 0.188 0.218 0.250 0.375 0.500 0.375 =
240D 24.0 0.218 0.250 0.250 0.375 0.562 0.375 0.688
26 0D 26.0 - = 0.312 0.500 - 0.375 —
28 OD 28.0 Ll - 0.312 0.500 0.625 0.375 -
30 OD 30.0 0.250 0.312 0.312 0.500 0.625 0.375 -
320D 32.0 o - 0.312 0.500 0.625 0.375 0.688
340D 34.0 vt - 0.312 0.500 0.625 0.375 0.688
360D 36.0 - - 0.312 0.500 0.625 0.375 0.750
42 0D 42.0 - - = - ot 0.375 =
DIMENSIONS OF WELDED AND SEAMLESS PIPE
Norhinal Nominal Wall Thick (in.) for
Pipe Size, | Outside | Schedule Extra Schedule | Schedule | Schedule | Schedule | Schedule XX
in. Diamets 60 Strong 80 100 120 140 160 Strong
¥ 0.405 - 0.085 0.095 . = - = =
Ya 0.540 = 0.119 0.119 - - o — -
% 0.675 = 0.126 0.126 - - - - -
¥ 0.840 s 0.147 0.147 - = - 0.188 0.294
% ~1.050 — 0.154 0.154 - - - 0.219 0.308
1 1.315 = 0.179 0.179 - - o 0.250 0.358
1% 1.660 -— 0.191 0.191 = - = 0.250 0.382
1% 1.900 - 0.200 0.200 - - - 0.281 0.400
2 2.375 e 0.218 0.218 = . = 0.344 0.436
2% 2.875 - 0.278 0.278 = == - 0.375 0.552
3 35 = 0.300 0.300 == — 0.438 0.600
3% 4.0 - 0.318 0.318 == - = - -
4 4.5 - 0.337 0.337 - 0.438 - 0.531 0.674
5 5.563 = 0.375 0.375 - 0.500 e 0.625 0.750
6 6.625 g 0.432 0.432 = 0.562 = 0.719 0.864
8 8.625 0.406 0.500 0.500 0.594 0.719 0.812 0.906 0.875
10 10.75 0.500 0.500 0.594 0.719 0.844 1.000 1.125 1.000
12 1275 0.562 0.500 0.688 0.844 1.000 1.125 1.312 1.000
140D 14.0 0.594 0.500 0.750 0.938 1.094 1.250 1.406 ==
16 0D 16.0 0.656 0.500 0.844 1.031 1.219 1.438 1.504 -
180D 18.0 0.750 0.500 0.938 1.156 1.375 1.562 1.781 .
200D 20.0 0.812 0.500 1.031 1.281 1.500 1.750 1.969 o
220D 22,0 0.875 0.500 1.125 1.375 1.625 1.875 2.125 =
240D 24.0 0.969 0.500 1.218 1.531 1.812 2,062 2.344 =
26 0D 26.0 o= 0.500 - - = - - ==
28 0D 28.0 - 0.500 - = - = - -
300D 30.0 - 0.500 - - - — - -
32 0D 32.0 - 0.500 - - - - === -
34 OD 34.0 - 0.500 - - == - - -
36 0D 36.0 - 0.500 = - - - - ==
42 0D 42.0 = 0.500 -_ == - - —_ o

All units are inches.
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MODULI OF ELASTICITY FOR FERROUS MATERIALS

Matenals

Million psi, for Temperature °F. of:

—100

10 00

400 | 500 600

700

800 | 900 | 1000

Carbon steels with
C < 0.30%

30.2

295 283

23.8

73
27.7

255

L
-
Y

24.2 204

Carbon steels with
C>0.30%

30.0

93 28.1

18.6

7.1

21.5

253

222

20.2

Step 1

Step 2

Step 3

Determine Da't and
LDo.

No
¥

Then A = 1.1/({Da)®

Is A =010

Iy

Mo

Determine A using
steps 1 through 4 of

Figqure 7.7

Use calculated A. 1 | Use A =010

Step 4

With A enter applicable external
pressure chart and move up to
intersect design temperatura line.

I

Step 5

From the intersection of the
design temperature line read

B to the right.

]

Step 6

Calculate

R,= B[2.167/(Dolt) - 0.0833)

l

Step 7

Calculate 31 which
equals 2 times the
allowable tensile stress

l

Step 8

Calculate 52 which equals

1.8 times B,

Step 9
Sel5=52

I

Step 10

Calculate
Bo= 25/(Dof)[1-1/{Doit)]

J

Step 1

The maximum allowable
external pressure is the
smaller of F,; or B,

Calculation of external pressure for cylinders with Dyt less than 10.
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FiG. UCS-66.1M REDUCTION IN MINIMUM DESIGN METAL TEMPERATURE WITHOUT IMPACT TESTING
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/ / See UCS-66(b){3) when ratios are 0,35 and sma!ler// 3
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000/// H /A //
0 10 20 30 40 50 60 70 80

°C [See UCS-66(b)]

¢ = corrosion allowance, mm

E* = as defined in General Note (¢) of Fig. UCS-66.2
t, = nominal thickness of the component under consideration before corrosion allowance is deducted, mm
i

required thickness of the component under consideration in the corroded condition for all applicable loadings [General
Mote (h) of Fia, UCS-66.2), based an the applicable joint efficiency £ [General Mote (¢} of Fig, UCS-66.21, mm
Alternative Ratio = 5% £ divided by the product of the maximum allewable stress value from Table UCS-23 times £, where S* is the applied
general primary membrane tensile stress and £ and £% are as defined in General Note (¢) of Fig. UCS-66.2
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F1G. UCS-66.2 DIAGRAM OF UCS-66 RULES FOR DETERMINING LOWEST MINIMUM DESIGN METAL

Step 1

Stap 2

Step 4

Step 5

Stap 6

TEMPERATURE (MDMT) WITHOUT IMPACT TESTING

Establish nominal thickness [Note (111 of welded parts, nonwelded parts, and attachments
under congideration both before and after corrosion allowance is deducted {t, and 1, — ¢, respectively), and
other pertinent data applicabla to tha nominal thickness such as:

All applicable loadings [Mote {2}] and eoincident minimum design metal
temperatura (MDMT)
Matarials of construction

E = joint efficiency [Mote (31]
In = nominal noncorreded thickness [Mote 111, in. (mim)
1 = required thickness in corraded condition for all applicable loadings [Mote (2)],

bagsed on the applicable joint efficiency [Mota (3], in. (mm}

Applicable curvels) of Fig. UCS-66
¢ = carrogion allowance, in. Imm}

Select MDMT from Fig. UCS-66 [Note |4)] for each
nominal noncerroded governing thickness [Note (B)].

e s = ot e 2 it A il
: Using Ratio from Step 3 to enter ordinate 1
i of Fig. UCS-66.1, determine reduction in Step |
| 2 MDMT [Mote {9)]. |
L i o R e e = |

|
I Datermine adjusted MDMT for govarmning |
: thicknass undar cansideratian. |

Repeat for all governing thicknesses [Note {51 and
take warmest value as the lowaest allowable MOMT to be
marked on nameplate far the zons under consideration
[Mote [100]. See UG-116.

See UG-99(h} for coldest recommended metal temparatura
during hydrostatic test [Mote (84,

Sea UG-100{c) for coldest metal temperatura parmitted
during pneumnatic test (Nate (B

Legemnd

Requirement | ! Optianal
— ) L i
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FIG. UG-30 SOME ACCEPTABLE METHODS OF ATTACHING STIFFEMING RINGS
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Anchor Chair:

Gussets and plates welded to base plate and skirt to provide for anchor bolt attachment.

As-Rolled Plate:

It refers to the unit plate rolled from a slab or directly from an ingot. It does not refer to the condition
of the plate.

B/SD @ 60°F:

Barrels per Stream Day: This is the throughput during a 24-hour period when a unit is operating at its
design capacity.

Throughput: The volume of feed stock charged to process equipment per unit of time.

Stream Day: A 24-hour operating day of a refinery process unit.

Backing Strip:
A thin strip of metal placed on the backside of 2 plates to be butt welded, where a full penetration butt
weld is required & access is available to one side only.

Brittle Fracture:
It is the tensile failure of a material showing little deformation or yielding. It is so important in
material selection considerations.

Charpy V-Notch Impact Test:

CVN Test is a dynamic test in which a notched specimen is struck & broken by a single blow in a
specially designed testing machine. The measured test values may be the energy absorbed, the
percentage shear fracture, the lateral expansion opposite the notch, or a combination thereof.

Chimney Tray:
A tray composed of chimneys extending above the liquid level of the tray, permitting passage of
vapors upward. The tray collects and removes all liquid products from a specific portion of the vessel.

Chipping:

One method of removing surface defects such as small fissures or seams from partially worked metal.
If not eliminated, the defects might carry through to the finished material. If the defects are removed
by means of a gas torch the term “deseaming”or “scarfing” is used.

Clad Vessel:

A vessel made from a base material having a corrosion resistant material integrally bonded or weld
metal overlaid to the base of less resistant material.

Communicating Chambers:
Appurtenances to the vessel which intersect the shell or heads of a vessel & form an integral part of
the pressure containing enclosure, e.g., Sumps.

Corrosion Rate:

It is specified as mils per year of metal loss and is applied to both pitting & general thinning. Typical
corrosion problems are controlled by additional corrosion allowance & by coatings (i.e. pitting rates
for crude oil tanks can be as high as 50 mpy). High temperature accelerate the corrosion rate.
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Distributor Tray:
A perforated tray that provides equal distribution of liquid over the vessel area. Risers on the tray
extend above the liquid level to permit passage of vapors rising upward.

Downcomers:
Rectangular flat plates bolted, welded or clamped to shell and trays inside of fractionation columns,
Used to direct process liquid and to prevent bypassing of vapor.

Elevation above Sea Level:

It directly affects the true vapor pressure limitation placed on stocks stored in atmospheric tankage. At
sea level, the max. allowable true vapor pressure is 13 psia. For each 1,000 ft elevation above sea
level, this value must be reduced by 0.5 psi.

Fatigue:
Tendency of materials to fracture under many repetitions of a stress considerably less than the
ultimate static strength.

Flash Point:

The min. temperature at which there is sufficient vapor generated to allow ignition of the air-vapor
mixture near the surface of the liquid.

Fractionating Trays:
Circular flat plates bolted, welded or clamped to rings on the inside of fractionation columns, Used to
obtain vapor liquid contact, which results in fractionation.

Full Vacuum:
A condition where the internal absolute pressure is 0 psi & the external absolute pressure on the vessel
is 15 psi.

High-Alloy Steel:

Steel containing large percentages of elements other than carbon.

Internal Pressure:

The difference in pressure between the liquid vapor pressure & Atmospheric Pressure. When this
difference is negative, it is simply called a “vacuum”.

The pressure is measured at the top of the liquid in the tank because the liquid itself exerts hydrostatic
pressure.

Internal pressure is caused by several potential sources such as vapor pressure, inert gas blanketing

system, ...

Killed Steel:

Steel deoxidized (i.e. by vacuum treatment) to reduce the content in order to omit any reaction
between oxygen & carbon during solidification.

Lined Vessel:

A vessel having a corrosion resistant lining attached intermittently to the vessel wall. (Code UA-60)

Low Temp. Service:
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Service in which the fluid temp. during normal contingency operation is below the lowest 1-day mean
ambient temp. for a particular location.

Membrane Stress:
The Component of normal stress which is uniformly distributed and equal to the average value of
stress across the thickness of the section under consideration.

Metal Test Report:
A document on which the material manufacturer records the results of tests examinations, repairs, or
treatments required by the basic material specification to be reported. (Code UA-60)

Mist Eliminator (Demister):
A wire mesh pad held in place between tow light grids. The mist eliminator disengages liquids
contained in the vapor.

MTBE:
Methyl Tertiary Butyl Ether.

Normalizing:
A heat treating process in which a steel plate is reheated to uniform temperature above the upper
critical temperature & then cooled in air to below the transformation range.

Plug Weld:

A weld made in a circular hole in one member of a lap joint. The hole may or may not be partially or
completely filled with weld metal.

Porosity:
Gas pockets or voids in metal. (Code UA-60).

Pressure Relief Valve:
A valve which relieves pressure beyond a specified limit and recloses upon return to normal operating
conditions.

Quench Annealing:
Annealing an austenitic ferrous alloy by heating followed by quenching from solution temperatures.
Liquids used for quenching are oil, fused salt or water, into which a material is plunged.

Resistance Welding:
A pressure welding process wherein the heat is produced by the resistance to the flow of an electric
current.

Seal Pans:

Flat plates bolted, welded or clamped to rings inside of fractionation column shell below downcomer
of lowest tray, used to prevent vapor from bypassing up through the downcomer by creating a liquid
seal.

Section Modulus:

The term pertains to the cross section of a beam. The section modulus with respect to either principal
central axis is the moment of inertia with respect to that axis divided by the distance from that axis to
the most remote point of the section. The section modulus largely determines the flexural strength of a
beam of given material.
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Set Pressure:
Pressure at which the pressure relief device first opens.
Skirt Access Opening:

Circular holes in the skirt to allow workmen to clean, inspect, etc., inside of skirt.

Skirt Fireproofing:

Brick or concrete applied inside and outside of skirt to prevent damage to skirt in case of fire.

Skirt Vents:
Small circular holes in the skirt to prevent collection of dangerous gases within the skirt.

Slag:

A result of the action of a flux on nonmetallic constituents of a processed ore, or on the oxidized
metallic constituents that are undesirable. Usually consist of combinations of acid oxides and basic
oxides with neutral oxides added to aid fusibility.

Support Grid:
Grating or some other types of support through which vapor or liquid can pass, Used to support tower
packing (catalyst, rasching rings, etc.).

Undercut:
A groove melted into the base metal to the toe of a weld and left unfilled by weld metal.

Vapor Pressure:
The pressure of the vapor space above the liquid in a closed container. It increases with increasing
temperature.

Vortex breaker:

A device located inside a vessel at the outlet connection. Generally consisting of plates welded
together to form the shape of a cross. The vortex breaker prevents cavitation in the liquid passing
through the outlet connection.

Wrought Iron:
Iron refined to a plastic state in a pudding furnace. It is characterized by the presence of about 3 per
cent of slag irregularly mixed with pure iron and about 0.5 per cent carbon.
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