PRESSURE VESSEL DESIGN OVER VIEW

)

(-7 ¢ a v
Tﬂﬂ W8 ININE RN NeaDa b
Central Engineering and consultant Co.,Ltd.



Design margin and Code

CONTENTS

Comparison

Loadings to be considered in design
Pressure vessel components and design

e o o o o

Vacuum design

Roundness
Wind load

Shell, spherical head
Flat head
Ellipse heads, transition
Body flanges & gasket
Plate, Pipe & From Heads Under tolerance
Jacket vessel
Lifting parts
Support lugs
Legs
Saddles
Skirts
Nozzles, type of nozzles,
Nozzle reinforcement
Reinforcement of multiple openings
Local stress WRC 107
Cladding Weld overlay
Inspection Opening (Lig-46)
Year of Acceptable Edition of Referenced Standards(Table
u-3)
Standard Flanges And Pipe Fittings

Calculation method
Stiffener ring
Roundness

Vertical pressure vessel
Design condition
Reaction on support
Determine wind force

Hydpro static& pneumatic test

Material

Special Treatment for m

Welding

Classification
Selection guide
Allowable stress as per ASME II D

aterial

High temp. Service
Sour Service
Lethal Service

Categories

Design and joint efficiencies

Welding method , SMAW, GMAW,SAW,GTAW
Welding procedure specification(WPS)

Heat treatment (@

*  Stress relieved requirement for CS
*  Holding temperature chart

*  Solution annealing for SS

*  Heat treatment for tube U-bends

*  PWHT requirement

*  Simulation heat treatment

*  Pickling and passivation

Impact test &Radiographic examination
. Determine impact test requirement
*  Exception and reduction curves
*  Material classification curve
*  Impact energy value
*  Determine governing thickness
*  Radiographic examination

Non Destructive Testing (NDT )
* Radiographic Examination(RT)
e Ultrasonic examination (UT)
* Dye Penetrant Inspection (PT)
* Magnetic Particle testing (MT)
* Positive identification test(PMI)

ASME Name plate & Content

Heat exchanger design
. Heat exchanger Components
*  TEMA classes
. TEMA Type
*  Tube pattern
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DESIGN MARGIN AND CODE COMPARISION @

COMPARISON of the various pressure vessel codes — [NTERGRAPH'
Allowable stress is base on these characteristics of the metal
ASME Section VIl Division 1
S = smaller of: UTS/3.5 or Yield/1.5 = 20 000 psi (138 MPa)

ASME Section VIl Division 2

Sm=smallerof: UTS/24 or Yield/1.5 4'-'2'5'900'Tsi (174 MPa)

EN 13445 Both based on PED European requirements
f =smaller of: UTS/24 or Yield/1.5 H“N‘-L‘»i (174 MPa)
PD 5500
f =smaller of: UTS/2.35 or Yield/1.5 = 25 300 psi (174 MPa)

We consider Carbon Steel for simplicity
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DESIGN MARGIN AND CODE COMPARISION @

We look at this on the Stress Strain diagram

ASME VIII, Division 1 has a larger safety margin — safer

This code is still the favoured code throughout the World

Yield Point ——>
ASME VIl Division 2, EN 13445 & PD 5500

ASME VIl Division 1

Stress O

Strain €

04
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LOADINGS TO BE CONSIDERED IN DESIGN (@

As per UG-22

(a) internal or external design pressure (as defined in UG-21);

(b) weight of the vessel and normal contents under operating or test conditions;

(c) superimposed static reactions from weight of attached equipment, such as motors, machinery, other
vessels, piping, linings, and insulation;

(d) the attachment of: (1) internals (see Nonmandatory Appendix D);

(2) vessel supports, such as lugs, rings, skirts, saddles, and legs (see Nonmandatory Appendix G);

(e) cyclic and dynamic reactions due to pressure or thermal variations, or from equipment mounted on
a vessel, and mechanical loadings;

(f) wind, snow, and seismic reactions, where required;

(¢) impact reactions such as those due to fluid shock;

(h) temperature gradients and differential thermal expansion;

(i) abnormal pressures, such as those caused by deflagration;

(j) test pressure and coincident static head acting during the test (see UG-99).
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PRESSURE VESSEL COMPONENTS AND DESIGN @
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PRESSURE VESSEL GENERAL ARANGEMENT (GA O
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DESIGN : SHELL, SPHERICAL HEAD

Shell Design
Circumferential Stress
f_ PR, SE
- SE-06P R+ 06t

Longitudinal Stress

;PR p_ 25K
- 28F + D.4P CR-0.4t

Hemispherical Heads.

PL 25Et
t=——— or P=
2SE-0.2P L+02t

P, = 2por

Force diagram

E =joint Efficiency

P = internal design pressure

R =inside radius

S = maximum allowable stress value

t = minimum required thickness

W18 INTN WO NLATD
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DESIGN : ELLIPS HEADS, TRANSITION

Ellipsoidal Heads
PD 25Et
f=——— or =
25E - 0.2P D+ 0.2t
Torispherical Heads
0.885PL SEt
= or P=
SE—0.1P 0.885L + 0.1t

Conical Heads and Sections
(Without Transition Knuckle)

PD 25Et cos a

©

I‘*
~NT K
1 |
D | I D 1] 1
L (b Spherically Dished
{ Torispherical)
(& Ellipsoidal

t= ar =
2 cos a(SE - 0.6P) D + 1.2t cos a

(&) Toriconical
{ Cone Head With Knuckle)

(d) Conical

- 'd Aa v ‘9
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DESIGN : FLAT HEAD @

The minimum required thickness of flat unstayed circular heads, covers and
blind flanges

t = d./CP/SE

Blind flange is attached by bolts

t = d\CP/SE + 1.9Whg/SEd® Circular Flat Heads

Flat unstayed may be square, rectangular, elliptical, obround, segmental, or
otherwise noncircular

t = d\/ZCP/SE 7= 3.4—%

Rectangular Flat Heads

o wig onngual nzdgou  ©"°



DESIGN : FLAT HEAD ©

Figure UG-34
Some Acceptable Types of Unstayed Flat Heads and Covers

|=—Center of weld {=—Center of lap
I

L . |
. _._I Y | trmin. = 2t —# 0575 n. (10 t, r‘r:—i-i Jo—
s |t [=Tangent ;. gy S— fmin. = 0376 in. (10 mm) 1 | |=Tangent
line 1 for tg = 11/5 in. (38 mm) 2 line
T r=3t r=3t d Tmin, = 0-25t for ) | r=3t
Taper f min. 1‘_ min. . Ty =11/ in. (38 mm) f min.
P d " d i | i ,;V/'é but need not be greater d | =M -1t
- - - than 3/4 in. (19 mm) ™
C=0.17or c=0.a7 C=0.33m C=0.30
C=0.10 C min. = 0.20 C=0.200r 0.13
(a) (b-1) (b-2) el

ty = 2t min. nor less than 1.25%;
but need not be greater than

t
0.7t 0.7t 0.7¢, . L Projection
S S N

min. ' N A is optional
_? 1‘ N 0.7tg J * N S i i T-ll—B‘e'n.rel is optional
d ts k Is \ Continuation B
N t d—_-§t\-:— d_,__r l=—¢ of shell |« ¢ 45 deg max.
C-0.13 optional
’ Sketches (e}, if), and (g) circular covers, C=0.33m, C min. = 0.20
id) le) if) (g)
. See Fig. UW-13.2 sketches {a) to (g),
See Fig. UW-13.2 sketches (a] to (g], inclusive, for details of outside
inclusive, for details of welded joint welded joint
o -]
Sample of Flat Head with Fillet Corner
I N
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*Minimum thickness shall be 1/16 in. (1.5 mm) exclusive of any corrosion allowance.
Exceptions are:

1. heat transfer plates of plate-type heat exchangers

2. inner pipe of double pipe heat exchangers

3. or to pipes and tubes that are enclosed and protected from mechanical damage by a shell, casing, or ducting, where such
pipes or tubes are NPS 6 (DN 150) and less

*Minimum thickness of shells and heads of unfired steam boilers shall be 1/4 in. (6 mm) exclusive of any corrosion allowance

*Minimum thickness of shells and heads used in compressed air service, steam service, and water service, made from
materials listed in Table UCS-23, shall be 3/32 in. (2.5 mm) exclusive of any corrosion allowance

(- % I'd a Y
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DESIGN : PLATE, PIPE & FROM HEADS UNDERTOLERANCE (@'

UG-16
**Plate material shall not be ordered with a nominal thickness thinner than the design thickness.

**Plate material with an actual thickness less than the design thickness shall not be used unless the difference
in thicknesses is less than the smaller of 0.01 in.(0.3 mm) or 6% of the design thickness

** The nominal thickness of pipe shall be less by Pipe tolerance 12.5% of nominal thickness

UG-81 TOLERANCE FOR FORMED HEADS

**The inner surface of a torispherical, toriconical, hemispherical, or ellipsoidal head shall not deviate outside
of the specified shape by more than 1.25% of D nor inside the specified shape by more than 0.625 % of D,

**Hemispherical heads or any spherical portion of a torispherical or ellipsoidal head designed for external pressure shall, in
addition to satisfying above, meet the tolerances specified for spheres in UG-80(b) using a value of 0.5 for L/Do .

Rectangular Flat Heads

o ' a v
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DESIGN : PLATE, PIPE & FROM HEADS UNDERTOLERANCE (@'

UG-81 TOLERANCE FOR FORMED HEADS

**The inner surface of a torispherical, toriconical, hemispherical, or ellipsoidal head shall not deviate outside
of the specified shape by more than 1.25% of D nor inside the specified shape by more than 0.625 % of D,

**Hemispherical heads or any spherical portion of a torispherical or ellipsoidal head designed for external pressure shall, in
addition to satisfying above, meet the tolerances specified for spheres in UG-80(b) using a value of 0.5 for L/Do .

%  UG-81
Template inside : YBX D rav.
outside : [4% D max. |

inside: O%
Outsice: | % D Hax.

The knuckle radius shall not be less than
that specified.

a8

z’emplaz’e/
D= mnom. 1.0. of Shell at the
point of atfachmant.

I Also shall refer to paragraph UW-33 I

o ' a v ® 14
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DESIGN : BODY FLANGES @

Types of Contact Faces for Flanges

% % % Flanges will be governed by one of two

14 Raised Face ConditionS:

1. Gasket seating force, Hg
2. Hydrostatic end force, H

Gasket [€[—><—>

Slope

A - 1:3 (max.)
A *IG\

5
2 i
1

Forces Acting to Flange

[ & a v ® 15
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DESIGN : GASKET ©

Gasket Type

Type of Gasket Surface Finish '
4
1 Ring Type (Flat) Concentric Serrated or stock /
finish /ﬁ P ///6‘%///
( G e
S
2 Solid Metal Oufer Ring Metal Sthipswith ~ LMner Ring
a. Flat Concentric Serrated Fibers
b. Profile Very Smooth .
c. Profile with Filler Smocth Spiral Wound :
Flat Metal jacketed
3 Spiral Wound (Nete 1) .
a. Inner Ring Only (Style RIR) Smocth or Serrated; 125 to O-Ring gaskets

b. Outer Ring Only (Style CG) 250 AARH
¢. Inner and Outer Ring (Style CGl)
d. No Inner or Outer Ring (Style R)

4 Metal Jacketed
a. Flat Metal jacketed Very Smooth
b. Corrugated Metal Jacketed

5 Corrugated Metal

a. With Filler Smooth
b. Without Filler
Elastomer gasket
6 Elastomers Concentric Serrated

7 Ring Type Joint (RTJ)
a. Hex Very Smooth
b. Oval

8  Spedcial
a. Delta Ring Very Smooth
b. Lens Ring
¢. Double Cone
d. Bridgman
e. O-Ring (Metal)

Ring Type Joint gaskets Kammprofile gaskets

o I'd a v
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DESIGN : JACKET VESSEL ©

(ar——

Drive s
i T, —
a, Lz —
- -.—— T, E
1 T [l T, E
L“ —

Permissible Pressure P’ In Half-pipe Jackets

Minimum Thickness Of A Half-pipe Jacket

P'=F/K
T = Pyr
P’ = permissible jacket pressure, psi  0.855; - 0.6P,
F=1.55- 5" (F shall not exceed 1.5 S)

S =maximum allowable tensile stress at design temperature
of shell or head material, psi
§’ = actual longitudinal tensile stress in shell or head
due to internal pressure and other axial forces,
psi. When axial forces are negligible, S’ shall be taken
as PR/2t . When the combination of axial forces
and pressure stress (PR/2t ) is such that S' would
be a negative number, then S ' shall be taken as
zero.

K = factor obtained from Figure EE-1, Figure EE-2, or
Figure EE-3

T=minimum thickness of half-pipe jacket, in.

r = inside radius of jacket defined in Figure EE-4, in.

51 = allowable tensile stress of jacket material at design
temperature, psi

P1 = design pressure in jacket, psi. (P1 shall not exceed P'.)

[ I'd Aa v @17
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DESIGN : LIFTING PARTS

Design of Top Head /Cone Lug

Type 1: Trunnion and Fixed Lug Type 2: Trunnion and Rotating Lug

Gussat

1
Tan ling
) \— Fre-pad if reg'd

W, Type 3: Trunnion Only

Fe-pad
(i rescfid)

st Trunnion Types

Check Welds e e
Forged Steel Shackles
——spy P
E+0.5Ly Ly
- H
l i | s |
1 ry 71 )
el
Re-pad Lug

Anghor Shackle Screw Pin Clhair Shackls Beraw Pin

Welding Detail of Ear Lug Sample of Lifting Gear : Shackles Sample Vessel with Trunnion

o I'd a v
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(A)

DESIGN :SUPPORT LUG

Lateral Force induce Bending Moment at Support

i Upper ring
L/

/— Lower ring

.

Support
steel

Bearmg structure support
to be considered

Centroid Z:._".I__

Load diagram

Fy

& : LOS

Vil

i, o

A

©

LOS
A ! AY
b

UFPER FORTION
GOVERNS

\-Sample Real job of
LSupport Lugs with
Stiffener Rings

[ & a v ® 19
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DESIGN :SUPPORT LUG

[ —
; = ™ ¢
* 5
My e[
e ] i F2 . 'E
’ ‘) !
5
o
h (| bz ]
1 Neutral ]
1 N ais ’
]
¥
o h1 ¥
[ Fv o
e -: ﬂ
——
Cam = gy
Analysis when Reinforcing Pads are Used | gad diagram
Assumed
oy load area
| % _._._1r_ /
7] B 8 =
2 f - :f‘d
\ ' ; Yo,
& _ o Edge of
1 £ meinforcing —*]
8 = Pad e
20,
Q Araa of loading for
cadial load, {
2y
([
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DESIGN : LEGS @

i , L
W.S. l A — / D
L 2/ ~ 2 % oh L
My—‘ ~ Pr Fy cg
= 7 ATTACHMENT E,
el AREA d
% WIDTH OF Fy
‘ Ak :1 LEG LEG || i
Figure 4-14. Application of local loads in head and shell. ]|I N ¥
Wind load direction acting Load direction at Legs T | — ~ »
to vessel with Legs attached to Vessel N——~

Type of Leg Support

IlIEI!IIlIIIIlIti
llllllllllllllll

Lateral Force Diagram
v l'u |
¥ ,/M\

a P

z
b
-

]
il

5 f

a c
X

) Y

Full compression, no uplift, e < D/6 Partial compression, uplift, e > D/6

Load Diagram at Base Plate

[ I'd Aa v @21
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DESIGN : SADDLES @

- - R = mean radius, in ! =1.56rt,
R = radius, ft
l - r = radius, in.
/ Wear e "'_"|“
l -]
\ | [ 1 '
' 'S,
& . \ b
| = =1, Stiffening
A IJ L Fire
] ) ; Saddles with Stiffener Ring
Vessel with Saddles
D3 = WNYHUDINGAL veiany gt SAUUIES WSV dl W, WUINEITI3imi at t'Niiumj Nofgg
5,4 = circumferential strass **Horizontal vessels avoid
in stiffener locating longitudinal weld
--..-.:.——--—-——-—— = = seams in the bottom 120°
/ \ sector.
L4 ] **Design method: L.P. Zick's
/ paper entitled "Stresses in
“ Lﬂ large cylindrical pressure
———— vessels on two saddle
/s.: longitudinal bending at S = cireumlerential compressior supports” .

midspan

S, ; = langential shear—results . . ‘
7 in dgiagonal linas in shell S5 = circumferential comprassion
in plane of saddle

8, = tangential shear in head (A = R/2)

—— Sg_jp = circumierential bending at
horn of saddie

Stress Due to Saddle Support

i S .. = additinnal tension in haad (A < R/2}

o ¢ a v ®2
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DESIGN : SADDLES

’ L

[ L)

N Mn—y :

L L
T v o
y Varying unit radial
\\L ﬁm' L, \V, Ymr Wo= GE_FzB Figure 4-51. Szr;::'Zpliﬂing forces.
N Load acting To Saddle due
Stress Due to Saddle Support M ", to Vessel Weight

ki
bl 0 ramarmme
B, ~ psi . - fn (<; |

—-l-‘

‘.._.--—_h

Base 4 1 H S
0 s '
Reaction f]'f Spilt Force

o ' a v
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" oment

Vessel with Skirt

DESIGN : SKIRT @

\/ | : e
L o

Butt welded Po—— 112 in. 2in. 1% in.“C Miniume
E=07 E=05 Lt
Weld at Skirt Attached
to Vessel Head
P a
As per common project specification. - ‘327.0& &
**When vessel metal temperature at ~ ——
point of attachment is above 300°C -
weld shall be designed to be readily h
inspected by ultrasonic. Pa
**Skirt butt welds shall be full 2
R DETEANION Skirt Base Rings Type

[ ' Aa v ® 24
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DESIGN : TYPE OF NOZZLES @

' 0
. ==l son) [ R

1 = S -
L 1 ] T 1 I i
- N|R —I=] N =
S|~ NS —F=5 Joc
i | L |

] P—B—-l I_ Li%j,l

D

Nozzle with Pad Self reinforced nozzle Long weld neck nozzle Set on nozzle

1. Wall thickness of shell or head exceeds 50mm.
2. Vesselis in cyclic or thermal shock service.

3. Vesselis in hydrogen, H2S or HF service.

Integral reinforcement employing butt

Coupling on Vessel welds that can be examined by radiography

Criteria for design to be self reinforced nozzle

Note: As per common project spec.
** Nozzles shall not control maximum allowable working pressure

a. Design Temperature exceed 350° C

b. Vessel is used for Hydrogen charging service. **Pad Thickness shall not exceed 1.5 x shell thickness
c.

d.

** o L] o ]
Vessel is used for Hydrogen service. times diameter reinforcing pad

Vessel is in cyclic or thermal shock service.

[ I'd Aa v @25
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DESIGN : FLANGE TYPE AND RATING @

Standard
o Size 24” and lower - ANSI
B16.5

LAP JOINT

BLIND ° Size 26” and bigger — ANSI

B16.47 Series A or Series B

LONG WELDING NECKS

RING JOINT

Table 1
(from Table 2-2.2 of ASME B16.5-1996)

Working Pressures by Classes
JClass | 150 | 300 | 400 | 600 | so00 | 1s00 | 2500

Temperature PSIG Values
-2 ol F 275 720 960 1440 2180 3600 000
200° F 235 620 825 1240 1860 3095 5160
EIIT 215 560 T45 ] 1680 2795 4660
400" F 195 515 685 1025 1540 2570 4280
500° F 170 480 635 035 1435 2300 080
&00° F 140 450 600 900 1355 2155 3760
&50° F 125 445 500 890 1330 2220 3700
700" F 110 430 580 £70 1305 2170 3620
750° F o3 425 B 853 1280 2135 3560
800" F 80 420 565 845 1265 2110 3520
850° F 63 420 555 835 1255 2000 480

MOTE: 304L material is limited to 800° F.

Pressure rating for each flange class
(#150,#300, #600,..., #2500
Depend on Material & Temperature

[ I'd Aa v @26
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DESIGN : NOZZLE REINFORCEMENT @

Figure UG-37.1 Sample of Nozzles on Top Head

Nomenclature and Formulas for Reinforced Openings

See Mote (1)

rl

i
¥
]

LA | — .,
2.5¢ or 2.5[‘n+ te 1| ™,
Use smaller value ] N — . ——-L
1 bk e
* Fi- e ees]l T
x ;:’_'_-..__na_u e ——— =
A
h, 2.5t 2.5¢t; ! - See UG-40
Use smallest value o for limits of
1 ]
¥ | J’—\___ oo f o reinforcement
|"'—dorﬁn+rn+r dorR +t +¢t— 1
L O B e D ' W —
Use larger value J Use larger value

For nozzle wall inserted through the vessel wall —D—[—l— For nozzle wall abutting the vessel wall

With Reinforcing Element Added

A = same as A, abave Area required
Ay =same as A4, above Area available
A = 5rtn - tm}frzr Area available in nozzle projecting outward;
2 =21, —t,,) (251, +t )7 5 use smaller area
Ag =same as A3, above Area available in inward nozzle
A [& = A4 = outward nozzle weld = Eleg!zfrs Area available in outward weld
=  Apa = outer element weld = {Ieg}zf Area available in outer weld
42 ra
= Ay3 = inward nozzle weld = (leg)2f,o Area available in inward weld .
N UG-37(g) Shall provide telltale
@ = Ag =Dy, —d—2t,)t, f 4 [Note(2)] Area available in element . . 4
hole ,maximum diameter 7/16 in.
1A, +Ag+Ag + Ay +Agp+Ags+Ag 2 A Opening is adequately reinforced (11 mm)]

[ I'd Aa v @27
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DESIGN : NOZZLE REINFORCEMENT @

Compensation
Compensation, or reinforcement,is the provision of extra stress-transmitting area in the wall of a
cylinder or shell when some area is removed by boring a hole for branch attachment.

matenal necessary to transmit circum- chtical hecessary matenal lost
ferential stress of magnitude S 1 longitudinal ¢ when hole is bored -
! plane’ - _ to be compensated

material not /

- 3 . /!
DI:T“| otherwise necessarywhich _/
may be used for compensating
e O hecessary for transmizsion of | [_]h 4_-| Tl:u affactiva
-~ pressurednduced hoop stress ;
cHtical | - ' —| |— tl:l kegich
longitudlnal . - [] compensated W—_,_l
plane ! 4 rmaterial i‘ ““““ ﬁll ——————— 1 —1—
I
Dcnmpemaﬂng L2, T 0
raketizal 1]

T | ) 1_

additional reinforc- ) _1_
; it i sy o ] ) Lr.I
lohgitudinal welds out=side nak be necessary | L l
citical lahgitudinal plane o . o " -
? F Section in Critical Longitudinal Plane | - - - - - - - - _ . Po__ %

(- % I'd a Y
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DESIGN : NOZZLE REINFORCEMENT(MULTIPLE OPENINGS) @

Figure UG-42
Examples of Multiple Openings

Limits of reinforcement

Limits of reinforcement
& Openings E

(a) Two Openings Spaced With (b) More Than Two Openings Spaced
Limits of Reinforcement Overlapping With Limits of Reinforcement Overlapping

o ' A
° W18 INTNO B NLATIW ®29



DESIGN : LOCAL STRESS , WRC 107 @

Identfier |[SFEEA]
|'____ . PrOkg
— Mc |0 kg-m
[— Ve |0 legf
[——1 ML |Dkgm
[— WL |Oleaf
[]Use MAWP Design Factor |3

To Seam
Attached to | Cylinder #1 W
b, )
b, ‘ Offset |0.00 mm from right seam v
Geometry Solving
Angle |D.00deg []Has Reirforcement Pad (@) No Solving
Height |0.00 mm Pad Thickness 0.00 mm () Solve for Pr
Width |0.00 mm Pad Width 0.00 mm () Solve for -Pr
CLIPS Length |0.00mm Pad Lengih 0.00mm O Solve for Mc
Weld Size |0.00 mm Pad Weld Size 0.00mm © Solve for ML

Maxdmum Stresses
Primary Circumferential Primary Longitudinal Combined
Calculated Stress

Nozzle load

Hlowable Stress | 1573.1510 kasem™” 1573.1510kasem”| | 3346.3019 ka/em™

Local stress on clip

Clip on Vessel

**WRC states that bulletin 537 is a reprint of bulletin 107.

**Supplementary bulletin WRC 297 contains directions to calculate local
stresses in nozzle, too.

o I'd a v
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DESIGN : Corrosion resistance @

SPECIFICATION FOR STAINLESS CHROMIUM
STEEL-CLAD PLATE

——————————————————
.........

Explosive
) welding

X3 Ay

® ke

ASME Code

5. Fiattening
and Cutting

Cladding process

Groove Shapes

Classification Outside Groove Inside Groove

-

Grooves
without
cutback

Grooves with
cutback

N
X
| A

Cladding plate Butt weld

o I'd a v
f W18 INING W% NeaTDW e
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VACUUM DESIGN @

i T
—
Wind
load, ———
N/m —_—

Mie=(W)/2

L\
ATMOSPHERIC PRESSURE
|_|_¢4_¥ Vacuum Load Diagram

WVACLUUM
_ _ - S S _ _ _

Bending moment diagram

Sample of Vessel
Collapse
Under Vacuum

[ ' Aa v @32
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DESIGN: INSPECTION OPENING (UG-46) ©

Sizing Service Opening requirement

TREAD PIPE PLUG
Inspection Sizing
type
Manholes [An elliptical or obround manhole : 12 in. x 16

in. (300 mm x 400 mm).
A circular manhole : 16 in. (400 mm) L.D.

Handholds [An elliptical or obround manhole : 2 in. x 3 in.
(50 mm x 75 mm), but should be as large as is
consistent with the size of the vessel and the
location of the opening.

MANHOLE ELLIPTICAL MANHOLE

[ I'd Aa v @33
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DESIGN: STANDARD FLANGES AND PIPE FITTINGS O

The following standards covering flanges and pipe fittings are Pressure—

temperature ratings shall be in accordance with the appropriate standard except that the pressure-temperature
ratings for ASME B16.9 and ASME B16.11 fittings shall be calculated as for straight seamless pipe in accordance
with the rules of this Division including

Table U-3
Year of Acceptable Edition of Referenced Standards in This Division
Title Number Year

Pressure Relieving and Depressuring Systems ANSI/API Std. 521 Sth Ed., January 2007
Pipe Threads, General Purpose (Inch) ANSI/ASME B1.20.1 Latest edition
Marking and Labeling Systems ANSI/UL-969 Latest edition
Seat Tightmess of Pressure Relief Valves API Std. 527 2014, 4th Ed.
Unified Inch Screw Threads (UN and UNR Thread Form) ASME B1.1 Latest edition
Cast Iron Pipe Flanges and Flanged Fittings, Classes 25, 125, and 250 ASME B16.1 2015
Pipe Flanges and Flanged Fittings, NPS '/, Through NPS 24 Metric/Inch Standard ASME B16.5 2013 [Note (1)]
Factory-Made Wrought Buttwelding Fittings ASME B16.9 Latest edition
Forged Fittings, Socket-Welding and Threaded ASME B16.11 Latest edition
Cast Copper Alloy Threaded Fittings, Classes 125 and 250 ASME B16.15 Latest edition
Metallic Gaskets for Pipe Flanges — Ring-Joint, Spiral- Wound, and Jacketed ASME B16.20 Latest edition
Cast Copper Alloy Pipe Flanges and Flanged Fittings, Class 150, 300, 600, 900, 1500, ASME B16.24 2011

and 2500
Ductile Iron Pipe Flanges and Flanged Fittings, Class 150 and 300 ASME B16.42 2011
Large Diameter Steel Flanges, NPS 26 Through NPS 60 Metric/Inch Standard ASME B16.47 2011
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and ASME B18.2.2 Latest edition

Coupling Nuts (Inch Series)
Welded and Seamless Wrought Steel Pipe ASME B36.10M Latest edition
Conformity Assessment Requirements ASME CA-1 Latest edition
Guidelines for Pressure Boundary Bolted Flange Joint Assembly ASME PCC-1 2013
Repair of Pressure Equipment and Piping ASME PCC-2 2015
ASME Section VI1II - Division 1 Example Problem Manual ASME PTB-4 Latest edition
Pressure Relief Devices ASME PTC 25 2014
Qualifications for Authorized Inspection ASME QAI-1 Latest edition [Note (2)]
Standard Test Method for Flash Point by Tag Closed Tester ASTM D56 Latest edition
Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester ASTM D93 Latest edition
Standard Guide for Preparation of Metallographic Specimens ASTM E3 2011
Standard Reference Photographs for Magnetic Particle Indications on Ferrous ASTM E125 1963 (R2008) [Note (3)]

Castings
Standard Hardness Conversion Tables for Metals Relationship Among Brinell ASTM E140 Latest edition

i Hardness, Vickers Hardness, Rockwell Hardness Suaerﬁcial Hardnessi KmmE

(- % I'd a Y
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VACUUM DESIGN @

Step 1. Assume a value for t and determine the ratios L/Do and Do/t. determine Factor A in
Figure G, ASMEII D

Figure G
Geometric Chart for Components Under External or Compressive Loadings (for ALl Materials) (Cont'd)

13 \ \ \\ h N, VR \\ [\ N\ \\‘ y LL|
10 \ \ \ \ \ \ \ \ '\. \l. \ \ ! -
90 \ \AVEAVAVRWEL NMMATIAWAN N
' \ 1WA \ \ A ) e
A0 \ ¥ ”
m INNAVEAY VAR VR NVIAN ALY
. MY A LA \Y AY AN A A ]
80 1 ¥ k' A AY VAN A A
' K AV Y AYANE EAN h h A
" VIANEAN IS VOASIANEANAEANERA11
| VAVAWYA \ X \AVE WA ERI

AENEVEMANARY WEL AN

S NINA MIBVENAY ANWAN NG

3 STV (NS \ -

I 2 IR ”‘%.

g \ e

E 76 \ \ \ \\ _"'n

\ \ N

2 0 N \ \ -

3 \ LY ) AN

| 8 )

8 1 \ AN E%}.':

T \ \\ \\ \ \\ s \n\i‘v

? " N \ \Fo
0 GENEHALNDTE:JSeaTabIEGfortabular \ \ \\\ \L‘g__ 3
: lvalues. -
090 1 e =k o —Q%
m _‘-ﬂ -:..0_ \ . L -"ttl |:l
070 - 4 2N\ H
- s N
050 l

? 3 4 656788 2 3 4 56 789 2 3 4 56789 2 3 4 56780

00001 0001 001 o i

FACTOR &

2 T e 35
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VACUUM DESIGN @

Step 2. Use value A to determine Factor B in Figure CS-2, ASME II Part D

Figure CS-2
Chart for Determining Shell Thickness of Components Under External Pressure Developed for Carbon
or Low Alloy Steels With Specified Minimum Yield Strength 207 MPa and Higher

160
I T T T T T TTTTI T T T T T TTTT |||||
L GENERAL NOTE: See Table CS-2 for tabular values. o 1 . .
P t°| “FO'C W **Using this value of B, calculate
f,--"'" B _..--"‘"Hl_ ;_)'.E;U'OC' 120 the Value Of the
| [ .
/,/' pE=caae 2=370°C 100 maximum allowable external
_l'—." —t . .
o AT s working pressure Pa using
L AT L1 as0c o the following equation:
JILF T -
Fad = 60
§ Jf/’ = ..-"'f/ o
L1
R 5005 4B
It/ R » 3 P=
Ny & T 3(D,/t)
/ /f 40 o
E = 200 x 10° va 35
E =186 x 10°._ T~ // 2
E =169 x 103
E =157 x 103&‘“&&/
E=1d3x10&7}% 2%
20
i b
16
2 3 456789 2 3 456789 2 3 456789 2 3 4656789
0.00001 0.0001 0.001 0.01 0.1

Factor A

o 4 A
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VACUUM DESIGN : STIFFENER RING ©

1. Calculate factor B
S S I=  available moment of inertia of the stiffening ring

cross section about its neutral axis parallel to the
3 P DU axis of the shell
- m Is= required moment of inertia of the stiffening ring
5558 cross section about its neutral axis parallel to the
axis of the shell
_ [ "= available moment of inertia of combined
2. Determine value A : .

_ , ring-shell cross section

in Subpart 3 of Section II, Part D I 's = required moment of inertia of the combined ring
, , , shell cross section about its neutral
3. The available moment of inertia of a Ag = ot .

) ) e e s = cross-sectional area of the stiffening ring
phicimferential stlffer'ung ring shallbenot 4 _ 5 tor determined from the applicable chart in
less thz-m that determined by one of the Subpart 3 of Section II, Part D
i two formulas: B = factor determined from the applicable chart or table

in Subpart 3 of Section II, Part D
_ Ls = one-half of the distance from the centerline of the
I, = |: DUE LS{L' + Ag/ LS]A] /14 stiffening ring to the next line of support on one
side, plus one-half of the centerline distance to
the next line of support on the other side of the
stiffening ring,

4

I = I:Dﬂst[t + ﬂstS];l} /10.9

o 4 A
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VACUUM DESIGN : STIFFENER RING @
Sample of Internal Stiff. Rings

Figure UG-29.1
Various Arrangements of Stiffening Rings for Cylindrical Vessels Subjected to External Pressure

Gap [not to exceed B times
tha thickness of tha shell plata)

This section ghall have moment of inertia = ' & Shell
required for ring unless requiraments of
UG-29(c) are met.

Web of stiffner

Flange of
stiffner

Figure UG-30
Some Acceptable Methods of Attaching Stiffening Rings

Nl -

Gap in ring _
for drainage f 2in. (50 mm)
I . S [Notes (1) and (2]] | min.
2in. (50 mm) —
K . min. i
member @ Section J—K 1 I 2;:.[](50 mm)} 24t max.

This section shall have momant of S [Notes (1) and (2)] — 1

inertia required for ring. Length of any gap in unsupported shell nat ¥ I B

s to exceed length of arc shown in Figure UG-29.2.

Lo L

NOTES: w J
(1) For external stiffeners, § = 8t.

. . In-line Staggered Continuous Fillet Weld
(2] For internal stiffeners, § = 12¢. Intermittent Intermittent One Side, Intermittent
Weld Weld Other Side

o I'd a v
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ROUNDNESS

©

Figure UG-80.2
Example of Differences Between Maximum and
Minimum Inside Diameters in Cylindrical,
Conical, and Spherical Shells

N (.
max. ||I min.

D min.

D max.

Internal Pressure.

The difference between the maximum and
minimum inside diameters at any cross section
shall not exceed 1% of the nominal diameter at
the cross section under consideration. The
diameters may be measured on the inside or
outside of the vessel

When the cross section passes through an
opening, the permissible difference in inside
diameters given above may be increased by 2%
of the inside diameter of the opening.

External Pressure

The maximum plus-or-minus deviation from
the true circular form, measured radially on
the outside or inside of the vessel, shall not

exceed the maximum permissible deviation e
obtained from Figure UG-80.1

Outside Diameter = Thickness, O/t

160

100

EE

g B3

3o
25

0,08

Figure UG-80.1
Maximum Permissible Deviation From a Circular Form e for Vessels Under External Pressure

1177
JRVAVERVID

//
/

0.3

04 0506 08 1.0

5]
w

4 5 6 78810

Design Length + Outside Diamater, L/D,

& T e 39
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©

VERTICAL PRESSURE VESSEL

WIND LOAD

Vessel weight

Pressure

=

Moment M

ainssaJd woly ssaus 3IsuUa] ——
1Y31am Wody 553415 anssaldwio] «—

JUuswow wouy ssadls anlssaldwo)

x
nIJ
x
JUSWIOW WOy SS3LS AISU3L >

Stresses at location X-X

Y31am wody ssauls anssaldwo) «——

aunssald Wolj ssaUls 3|Isua)

User defined

Vessel weight

Pressure

Wind or
Seismic forces

® 40

Aa v

¢
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WIND LOAD: VERTICAL PRESSURE VESSEL @

* Exposure B: For buildings with a mean roof height of D,
less than or equal to 30 ft (9.1 m). Urban and
suburban areas, towns, city out skirts, wooded areas, L Fy g
or other terrain with numerous closely spaced - 60ft0in. | <
obstructions having the size of single family dwell- F,
ings or larger. $ - St
* Exposure C: For cases where Exposures B and D :
do not apply. Open terrain with scattered obstruc- LFs P
tions having heights generally less than 30 fi 401 0 in.
(9.1 m). 2
» Exposure D: Flat, unobstructed coastal areas directly — - _ S
exposed to wind blowing over open water. £ . 30ft0Qin. |
£ | » |25nt0in | <
o Fs
& r——* 20ft0in. | £
o Fa P "
- ri—'- "] 15ft0in. |£
b E
T I £, H
Af = hyDe ilh) Il:g—q =
Fi = q;GCrAr 1
Figure 4-2. Vertical vessels.
M; = Fi(hi/2) + Vis1(hj)
+ Mii
M= EFiHj ;

o ¢ a v ® 41
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WIND LOAD : DESIGN CONDITION

©

Self weight
Condition S, S, Internal Design | External design | Wind or Seismic
pressure pressure load New Corroded
Operating, Hot & Corroded 1.2x Sa (ASME II D)@ design temp. Table CS-2 Yes No Yes - Yes
Operating, Hot & New 1.2x Sa (ASME II D)@ design temp. Table CS-2 Yes No Yes Yes -
Hot Shut Down, Corroded 1.2x Sa (ASME II D)@ design temp. Table CS-2 No No Yes Yes
Hot Shut Down, New 1.2x Sa (ASME I D)@ design temp. Table CS-2 No No Yes Yes
Empty, Corroded 1.2x Sa (ASME II D)@ room temp. Table CS-2 No No Yes Yes
Empty, New 1.2x Sa (ASME II D)@ room temp. Table CS-2 No No Yes Yes
Vacuum 1.2x Sa (ASME II D)@ external temp. Table CS-2 No Yes Yes Yes
Hot Shut Down, Corroded, 1.2x Sa (ASME II D)@ design temp. Table CS-2 No No No Yes
Weight & Eccentric Moments
Only

For Net Tensile stress

For Net Compressive stress

= P*R/(2%S*K.*E, + 0.40%P])

= M/(p*Ry *SFKE)

= 0.6*W / (2*p*R,*S K. *E )

= tyttg-ty

— P*R/(2*S*K.*E_ + 0.40%[P|)

= M/ (p*Ry *SK*E)

= W/(Q2*p*R,*S K E)

= Itmr oty - tp|:|

o ' A
W18 ININe e ma%’au
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WIND LOAD : REACTION ON SUPPORT

] 5
— F ;“ T
F . . [ - \ D,
| g NE) \lL/
—
TN\ | q L, r‘['l
A = LeDe )i i
F = q,GCrAr . W S ol " TE
= Qgofaif - e
_ W E I Q Longitudinal
L=3*3 Q i .
Figure 4-4. Vessels on lugs or rings. Ky, = Tl.'-Dg
Support Lugs :
R FL = q,GCrAL
.__:./r W FB Saddles
= ey VA
= Q 2 L.
F »
> Transverse
e A = LoD
N ¢ Fi = 0.5(q,GCrA;)(one support)
M, = FB(one support)
A =LD AL K & S— .
" |
F =AC,Gq e
L X - -«
N NB ¢ Legs ©

o ' a
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WINDLOAD : DETERMINE WIND FORCE @

n; = | Hz, z = max(0.6h, z,,;,)
e=o(F) e=e(3) o
- 2
q, = 0.00256K, K, K4V~
Z\% Z\€
0.00256 (0.613), reflects the mass L, = f(ﬁ) L = E(m) (SI)
density of air for the standard atmosphere
For 15 ft. < z < 7, For z < 15 ft. 0 — !
2/a 2 /et B D. +h 0.63
K, = 2.01(z/zg)" K, = 2.01(15/Z)" 1+{].63( L )

Ky = wir;d directionality factor, use (.95 1+ 1.7¢,Q
for vessels when using ASCE/SEI G = 0.925( T 1 ?gQ; )
7-10 load combinations R

Cs = force coefficient, shape factor (.7,

| _ =g, =34
0.8, and 0.9 for h/D, of 1, 7, and 25, £Q
respectively (linear interpolation is Table 4-3
pcmlinod}. See ASCE/SEL 7-10. Miscellaneous coefficients
Expos. o zg (ft/m) = b T £ (ftYm) = #Zmin (Ft/mM)
B 7.0 1200/365.76 1/4.0 0.45 0.30 320/97.54 1/3.0 30/9.14
C 9.5 900/274.32 1/6.5 0.65 0.20 500/152.4 1/5.0 15/4.57
D 11.5 700/213.36 1/9.0 0.80 0.15 650/198.12 1/8.0 7/213

Zmin = mMinimum height used o ensure that the equivalent height Z is the greater of 0.6 i Or Zmin.

2 7 (e @ 44
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WINDLOAD : DETERMINE WIND FORCE @

Risk Category of Buildings and Other Structures for Flood, Wind, Snow, Earthquake, and Ice Loads

Buildings and structures that represent a low risk to human life in the event of failure. Category |

All buildings and other structures not covered by Risk Categories 1, Ill, and IV. Category Il

Buildings and other structures containing sufficient quantities of toxic or explosive substances to be dangerous to the Category 111
public if released. Typically, the equipment inside of a refinery falls under this category.

Schools, non-emergency health care facilities, jails, non-essential power stations Category 111

Essential facilities Category IV

Buildings and other structures containing sufficient quantities of toxic or explosive substances to be dangerous to the Category IV

public if released. (Buildings and other structures containing these substances may be eligible to be classified in a lower
category if it can be demonstrated to the jursdictional authority through a special assessment that the lower risk
category is acceptable).

2 7 (e @45
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HYDRO STATIC& PNEUMATIC TEST @

UG-99: HYDROSTATIC TEST
UG-99(b): 1.3 times the maximum allowable working pressure multiplied by the lowest stress
ratio (LSR) for the materials of which the vessel is constructed.

UG-99(c ): Agreement between the user and the Manufacturer. The hydrostatic test calculated
by multiplying the basis for calculated test pressure as defined in 3-2 for each pressure
element by 1.3 and reducing this value by the hydrostatic head on that element

UG-100 :PNEUMATIC TEST

+ that are so designed and/or supported that they cannot safely be filled with water

*  Not readily dried that are to be used in services where traces of the testing liquid cannot
be tolerated.

UG-100(b) : 1.1 times the maximum allowable working pressure36 multiplied by the lowest

stress ratio (LSR) for the materials of which the vessel is constructed.

Note:
* LSR:Lowest stress ratio = Allowable stress at test temp. / Allowable stress at
design temp.

*  Appendix 3-2
The basis for calculated test pressure in either of these paragraphs is the highest
permissible internal pressure as determined by the design equations, for each
element of the vessel using nominal thicknesses with corrosion allowances
included

» ENDNOTES -36 (ASME VIII div1)

“The maximum allowable working pressure may be assumed to be the same as the
design pressure when calculations are not made to determine the maximum allowable
working pressure.”

o ' a v
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HYDROSTATIC& PNEUMATIC TEST

Example of Hydrostatic Test Report

Gauge pressure at 32°C = 1.3*MAWP*LSR
=1.3*6.97*%1.0698

©

=9.7 bar
Horizontal shop hydrestatic test
Local test Test liquid UG-99(b) UG-99(b) Stress Allowable .
. . - Stress
Identifier pressure static head stress pressure during test test stress excessive?
(bar) (bar) ratio factor (kgg/cm?) (kgg/cm?) ' )
Ellipsoidal Head 8.76 0.06 1.0698 1.30 1,592.053 2,404.489 No
Cylinder#1 9.76 0.06 1.0698 1.30 763.18 2,404.489 No

(1) Ellipsoidal Head limits the UG-99(b) stressratio.

(2) Allowable Stress test pressure = 1.5%0.9*Sy

(3) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most flange.

The test temperature of 32°C is warmer than the minimum recommended temperature of -31 °C so the brittle fracture provision
of UG-99(h) has been met.

o 4 A
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MATERIAL: CLASSIFICATION @

UCS : Carbon and Low Alloy Steels
UHA : High Alloy Steel

UHT : Ferritic Steels

UNF : Nonferrous Materials

Fﬂ

Pure Non Non
Ferrous é Ferrous i el ] R
Pure Ferrous Metals low carbon med carbon high carbon
Ferrous Alloys <0.25wt%C  0.25-0.5wWt%C  0.6-1.4wt%C
| l
Met | Copper Alum, ! L "' heht ! | " austentitic
Name plalln HSILA plaJIn treatable pllaln Idoo;’ stainless
(% AY Cr, Ni f,
m | Zine Tin | Additions  none NI: Mo Mone M{: none 'ﬂ‘;a""" G NL Mo
Example 1010 4310 1040 4340 1095 4190 304
| | Hardenability 0 + + ++ ++ i+ 0
Lead Silver Alloying, 13_ ; Q+ E 4:_4- -i- -:: i
b 1 1 ] 1 1 | - 1
. high T
High Speed Steel Cutting | Cold Mavciiry [ e . e ahap D e appilc.
Tools S — sheet press.  bolis wear dies turbines
( @ {D vessels hammers applic. furnaces
i | blades S ¥oace
o ; ' S — re ni
-~ :.ﬂm:"n a “;Eh'}"tui' ':'.m id increasing strength, cost, decreasing ductility -
errous metal that Is liquk 4272015 Engineering Materals Il (MEng 2122} 45
i at room temperature.

(- % I'd a Y
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MATERIAL: CLASSIFICATION @

L Austenitic Stainless Steel - i y erritic Stainless Steel
. .
& Grade type is 304 = Grade type is 430
= 16 — 26% Cr, 6 — 23% Ni = 12 - 25% Cr

= Have a face-centered-cubic (fcc) structure
= Nonmagnetic, tough, ductile

* Be Type 304 moskwidely-used in;taeworld = They are moderate corrosion resistance
= Type 304L is always preferred in more corrosive

eritenmants Application: automotive trim and inside

Applications: domestic kitchen sinks, dishwashers and clothes
commerical food processing equipment dryers.

This simplest form of stainless steel
Easy to machine

oL Martensitic Stainless Steel
- B

= Grade type is 410

L_J; Precipitation Hardening S.S

= 6 — 18% Cr, upto 2% Ni = Type 17-4
= Strong, hard and magnetic = High strength
= Used for mild corrosive enviornments = Higher corrosion resistance than martensite

Application: knives, razor blades and corrosion stainless steel
resistance bearing Application: they are usually used in aerospace

and defense industries.

(- % I'd a Y
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MATERIAL: SELECTION GUID

Design
Temperature, “F Material Plate Pipe Forgings Fittings Bolting
o —425 to —321 Stainless steal SA-240-304, SA-312-304, SA-182-304, SA-403-304,
< 304L, 347, 304L, 347, 304L, 347, 304L, 347, .
> 316, 316L 316, 316L 316, 316L 316, 316L SA-320-B8 with
s, SA-194-8
G —320 to —151 9 nickel SA-353 SA-333-8 SA-522-1 SA-420-WPLB
o —~150 to —76 3% nickel SA-203-D
E . SA-333-3 SA-350-1.F3 SA-420-WPL3
= —75t0 —51 2% nickel SA-203-A SA-320-17 with
E SA-194-4
E 5010 21 SA-516-55, B0 to SA-333-6
SA-20 SA-350-LF2 SA-420-WPLE
E —20to 4 SA-516-All SA-333-1 or 8
5 to 32 5A-285-C
Carbon
‘g steel
g SA-516-All SA-53-B SA-105 }
E 33 o 60 SAS15-All SA-106-8 satg16070 | SNEIHWRB _
61 to 775 54-193-B7 with
5 SA-455-11 SA-194-2H
0 776 to B75 C-¥Mo SA-204-B SA-335-P1 SA-182-F1 SA-234-WP1
g 876 to 1000 1Cr-¥eMo SA-387-1241 SA-335-P12 SA-182-F12 SA-234-WP12
E. -l Cr-1sMo SA-387-11-2 SA-335-P11 SA-182-F11 SA-234-WP11
put 1001 to 1100 2% Cr-1Mo SA-387-22-1 SA-335-P22 SA-182-F22 SA-234-WP22 | with SA-193-B5
g SA-194-3
m
H 1101 to 1500 | Stainless stesl SA-240-347H SA-312-347H SA-182-347H SA-403-347H
w _
SA-193-B8 with
Ingol SB-424 SB-423 SB-425 SB-366
neoloy SA-194-B
Above 1500 Inconel S5B-443 SB-444 SB-445 SB-366
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MATERIAL: ALLOWABLE STRESS AS PER ASME II D @

Table 1A (Cont'd)

Section |; Section Ill, Classes 2 and 3;* Section VI, Division 1; and Section XlI
Maximum Allowable Stress Values S for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)

Page 10, ASME II D

Alloy
Desig./ Class/ Size/
Line UNS  Condition/ Thickness, Group
No. Nominal Composition Product Form Spec. No. Type/Grade No. Temper mm P-No. MNo.
1 Carbon steel Wild. pipe SA-134 AZB3C KO02401 .. 1 1
2 Carbon steel Plate SA-283 C K02401 .. 1 1
3 Carbon steel Plate SA-285 C Ko2801 .. 1 1
Applicability and Max. Temperature Limits
[Nll = Mot l'l_‘rmilll_‘l]] Page 11’ ASME II D
Min. M. (SPT = Supports Only)
Tensile Yield External
Line Stength, Strength, Pressure
M. M a M P a I 1 V-1 X1 Chart No. Notes
1 380 205 NP 149 (CL 3 only) NP NP Cs-2 Wiz
2 380 205 NP 149 (CL 3 only) 343 343 Cs-2
3 380 205 482 371 482 343 Cs-2 G100, 51, T2
Maximum Allowable Stress, MPa (Multiply by 1000 to Obtain kPa), for Metal Temperature, °C, Not Exceeding
=30
Line to
No. 40 65 100 125 150 200 250 300 325 350 375 400 425 450 475
1 108 108 108 108 108 - - - - - - -
2 108 108 108 108 108 108 108 107 104 101 - - -
3 108 108 108 108 108 108 108 107 104 101 97.8 89.1 754 626 455

Page 12, ASMEII D
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MATERIAL: ALLOWABLE STRESS AS PER ASME II D©

Page 150, ASME II D

determined from the Hexibility of the Hange and bolts and corresponding relaxation properties,

% For Section 11l applications, the use of these materials shall be limited to materials for tanks covered in Subsections NC and ND,
component supports, and for nonpressure-retaining attachments (NC/ND-2190).

10 Upon prolonged exposure to temperatures above 425°C, the carbide phase of carbon steel may be converted to graphite. See
Nonmandatory Appendix A, A-201 and A-202.

G11 Upon prolonged exposure to temperatures ahove 475°C, the carbide phase of carbon-molybdenum steel may be converted to graphite.
See Nonmandatory Appendix A, A-201 and A-202.

G12 At temperatures above 550°C, these stress values apply only when the carbon is 0.04% or higher on heat analysis.

NOTES - SIZE REQUIREMENTS Page 151, ASME II D

51 For Section | applications, stress values at temperatures of 450°C and above are permissible but, except for tubular products 75 mm 0.D.
or less enclosed within the boiler setting, use of these materials at these temperatures is not current practice.

52 For Section | applications, stress values at temperatures of 475°C and above are permissible but, except for tubular products 75 mm 0.D.
or less enclosed within the boiler setting, use of these materials at these temperatures is not current practice.

53 For Section 1 applications, stress values at temperatures of 550°C and above are permissible but, except for tubular products 75 mm 0.D.
or less enclosed within the boiler setting, use of these materials at these temperatures is not current practice.

54 For Section 1 applications, stress values at temperatures of 625°C and above are permissible but, except for tubular products 75 mm 0.D.
or less enclosed within the boiler setting, use of these materials at these temperatures is not current practice.

55 Material that conforms to Class 10, 11, or 12 is not permitted when the nominal thickness of the material exceeds 19 mm.

56 Material that conforms to Class 10, 11, or 12 is not permitted when the nominal thickness of the material exceeds 32 mm.

57 The maximum thickness of unheat-treated forgings shall not exceed 95 mm. The maximum thickness as-heat-treated may be 100 mm.

58 The maximum section thickness shall not exceed 75 mm for double-normalized-and-tempered forgings, or 125 mm for quenched-and-
tempered forgings.

59 Both DN 200 and larger, and schedule 140 and heavier.

{15) 510 The maximum pipe size shall be DN 100 and the maximum thickness in any pipe size shall be Schedule 80.

511 Either DN 200 and larger and less than schedule 140 wall, or less than DN 200 and all wall thicknesses.

NOTES - TIME-DEPENDENT PROPERTIES [See General Note (f}]
| T1 Allowable stresses for temperatures of 370°C and above are values obtained from time-dependent properties.

o I'd a v
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MATERIAL: SPACIAL TREATMENT-HIGH TEMP. SERVICE

Materials for High-Temperature Service

* The austenitic H Types shall conform to an average grain size
of ASTM No. 7 or coarser as measured by Test Methods E112.

* Supplementary Requirement S2 shall be invoked when non-
H grade austenitic stainless steels are ordered for ASME
Code applications for service above 1000°F [540°C].

P

i

[

‘l- el
L

e nipte
[ ]

Unless an H grade has been ordered, this supplementary
requirement shall be specified for ASME Code applications
for service above 1000°F [540°C].

* The user is permitted to use an austenitic stainless steel as the
corresponding H grade when the material meets all
requirements of the H grade including chemistry, annealing
temperature, and grain size (see Section 6).

» For 304 SS serviced at temperatures above 550°C, the stress
values in ASME II D, apply only when the carbon is 0.04% or
higher on heat analysis.

o 4 A
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MATERIAL: SPACIAL TREATMENT-SOUR. SERVICE

Acidic, hydrogen sulphide-containing environment

Hydrogen Induced Cracking (HIC)

sterieration mm"f}l‘d"l.‘i‘ﬂl
Tha hydrexide water
Guickly oxidizes
:mu rmhs;;j:gxldﬁ 1o form must <droplet
itates

Electrochemical
call action driven
by the energy of
oxidation conlinues|
the earnosion

H Charing ‘e

Cathods: action
reduces oxygen
from alr, forming
hydroxide fns,

Electro Chemical Corrosion
@ 54

Corrosion in
Hzo + st

contact with steel

Sulfide Stress Cracking (SSC) ~{"
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SPACIAL TREATMENT-SOUR. SERVICE @

Sour Service (5§G) Or Amine Service Requirement

* Pressure parts of carbon steel equipment shall be manufactured from fine- grained
and normalized condition

« Carbon content shall not exceed 0.22%, except forgings which shall be limited to 0.25 % maximum
* Carbon equivalent (CE) = C+Mn/6 shall not exceed 0.40 .

¢ Carbon equivalent (CE) as below formula shall not exceed 0.43

%Mn _(%Ni+%Cu) _(%Cr + %Mo +%V)
+

G 15 9

CE = %C +

The chemical composition, product analysis shall be limited as follows.
% Manganese = 1.30 maximum

% Phosphorus = 0.025 maximum

% Sulphur = 0.003 maximum

% V+Nb = 0.03 maximum

¢ DPressure parts, welded attachments, internal (including bolting) shall fully comply with
the requirement of NACE MR 0175.

* All carbon steel and C- Mn steels shall be subject to PHWT

o 4 A
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SPACIAL TREATMENT-SOUR. SERVICE @

* Hardness requirement

Table 1: Low Alloy Steel Hardness Requirements

Maximum Hardness

P-Number (HEBW)
3 225
4 225
5A 235
5B
(except 9Cr-1Mo-V grades) 235
5B

9Cr-1Mo-V grades

(F91, P91, TO1, WP91, 248
Grade 91, C12A)

5C 235

5 235

7 235

10A 225

108 225

10C 225

P-No. 10F 225

P-No. 11 225

Carbon steel materials that are cold worked to
produce outer fiber deformation greater than 5%,
must be stress relieved to ensure that the material

is below 22 HRC.

Composition Requirements for Austenitic Stainless Steels

Element | Weight Percent
C 0.10 max.
Cr 16.0 min.
Ni 8.0 min.
Mn 2.0 max.
Si 2.0 max.
P 0.045 max.
S 0.04 max.

Austenitic stainless steel materials are required to be in
the solution-annealed or solution-annealed and
thermally stabilized condition, must be free from cold
work intended to enhance mechanical properties, and

must meet a maximum hardness requirement of 22

HRC

* Inaddition, HIC resistant material requirements for plate shall be met.

= % 1o D e @56
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SPACIAL TREATMENT-LETHAL SERVICE ©

As per ENDNOTES ASME VIII Div.1 2015 Ed.

Poisonous gases or liquids of such a nature that a very small amount of the gas or

of the vapor of the liquid mixed or unmixed with air is dangerous to life when inhaled. For purposes of this
Division,

this class includes substances of this nature which are stored under pressure or may generate a pressure if stored
in a closed vessel.

As per UW-2(a)

“When a vessel is to contain fluids of such a nature that a very small amount mixed or unmixed with air is
dangerous to life when inhaled, it shall be the responsibility of the user and/or his designated agent to determine if
it is lethal. If determined as lethal, the user and/or his designated agent [see U-2(a)] shall so advise the designer
and/or Manufacturer. It shall be the responsibility of the Manufacturer to comply with the applicable Code
provisions”

P % 1o D e ®57
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SPACIAL TREATMENT-LETHAL SERVICE ©

UG-16(5)(a) - Air cooled and cooling tower heat exchanger tube walls to be 1/16" min.

UG-24(b)(5)(a)- Casting RT requirements. UCI-2, UCD-2 Cast iron and ductile cast iron vessels are not allowed.
UG-99(g),(k) - Hydro test visual leak inspection cannot be waived. Do not paint prior to the hydro test.
UG-100(d)(4) - Pneumatic tests cannot be used for lethal service vessels,

UG-116(c) - "L" stamping must be added to the nameplate. UG-120(d)(1) - "lethal service" is added to the data report
UW-2 - Service Restrictions - main source of info on Lethal Service (see lots more from UW-2 below)
UW-11(a)(1) - All shell and head butt welds to be 100% RT

UB-3 - Brazed vessels shall not be used

UCS-6 - Do not use SA-36, 38W or SA-283

UCS-79 - PWHT and extreme fiber elongation - read for rules when heat treatment is required

ULW-1 & ULW-26(b)(4) - Layered vessels lethal restrictions apply to the inner shell and heads only
UHX-19.1(b)- Heat exchanger markings

Appendix 2-5(d) - Maximum Flange Bolt Spacing

Appendix 2-6 - Bolt Spacing Correction

Appendix 7-1, 7-5 - Steel casting examination for 100% quality factor

Appendix 9-8 - if the jacket does not carry lethal substances, lethal service restrictions do not apply to it

Appendix 17-2(a) - Dimple jackets will not contain lethal substances

Appendix W Table W-3 - Filing out the U forms

More from UW-2:

UW-2(a) and UW-11(a)(1) - All butt welds shall be 100% radiographed

UW-2(a) - ERW pipe (like some grades of SA-53) is not permitted but interpretation VIII-1-01-118 says it is acceptable if the long seam is fully
radiographed

UW-2(a) - Post weld heat treatment is required for CS and Low Alloy

UW-2(a)(1)(a) - Category A welds shall be type 1 only (butt welded with no permanent backing strip)

UW-2(a)(1)(b&c) &Interpretation VIII-1 92-211 - Category B & C welds shall be type 1 or 2 only (butt welded). No slip on flanges! No Figure UW-
13.2 Flange or Head to Shell attachments

Interpretation VIII-I-98-23 - Category D welds (typically nozzles) shall be full penetration.

(- % I'd a Y
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WELDING : CATEGORIES @

Figure UW-3
Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

(-LSEE::VGHJ]'
."‘5 L ol d |pld
T2 ety

|

© Ol

©)
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WELDING : DESIGN AND JOINT EFFICIENCIES

Table UW-12
Maximum Allowable Joint Efficiencies for Arc and Gas Welded Joints

Degree of Radiographic

Examination
(a) Full (b) Spot (c)
Type No. Joint Description Limitations Joint Category [Note (1)] [Note (2)] None
(1) Butt joints as attained by double-welding or by None A B CandD 1.00 0.85 0.70
other means that will obtain the same
quality of deposited weld metal on the inside
and outside weld surfaces to agree with the
requirements of UW-35. Welds using metal
backing strips that remain in place are
excluded.
(2) Single-welded butt joint with backing strip (a) None except as in (b) below ABCandD 0.90 0.80 0.65
other than those included under (1) (b} Circumferential butt joints with one plate offset; see A B, and C 0.90 0.80 0.65
UW-13(b){4) and Figure UW-13.1, sketch (i)
(3) Single-welded butt joint without use of backing Circumferential butt joints only, not over 5]., in. (16 mm) A B, and C NA NA 0.60
strip thick and not over 24 in. (600 mm) outside diameter
a) Butt welded joints shall have complete penetration Reinforcement on each face of the weld
and full fusion. Welds shall be sufficiently free from SI Units
coarse ripples, grooves, overlaps, and abrupt ridges Maximum Reinforcement, mm
Material Nominal Categories Band C Other
(b) A reduction in thickness due to the welding Thickness, mm Butt Welds Welds
process Less than 2.4 2.5 0.8
(1) Shall not be lower than the minimum 24 to 4.8 incl. 3 15
required Thickness g"‘-‘r :ftt”;:-.“'“ll- ; ;g
(2) The reduction in thickness shall not Over 25 10 51, incl. . .
exceed 1/32 in. (1 mm) or 10% of the nominal ;w51 10 76, incl 6 4
thickness of the adjoining surface, Over 76 to 102, incl. & 55
whichever is less. Over 102 to 127, incl. & i
Owver 127 B B

(- % I'd a Y
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WELDING : DESIGN ©

=

—-.h

40°— 60° Beveled Angle

1-3mm ——p-l Iq.._ T

0-2.5mm Root Opening
I-Type Butt Joint Single-V Beveled End
40°— 60°
- / r
‘ﬁz-ﬁﬂmm 1-3mm 20-60mm ( -
Radius 6-8mm I T
—>| -— —| |
1-3mm 1-3mm
Double-V Beveled End Single-U Beveled End

Figure UW-9
Butt Welding of Plates of Unequal Thickness

Taper either inside
or outside

GENERAL NOTES
[a) ¢ =23y, where { is the required length of taper and y is the offset between the adjacent surfaces of abutting sections.

[b)  Length of required taper, £, may include the width of the weld.
[c) Inall cases, ¢ shall be not less than 3y.

o ¢ a v @61
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WELDING : DESIGN

Figure UW-13.1
Heads Attached to Shells

- For ellipsoidal heads — minimum 21,
. but not less than 15 in. (13 mm) Minimum 2t
Tangent line =
=+—s=— For other heads — ..
minimum 24 + Uz in. 113 mm} ¢ Minimum 1.3t; —= -—
.  —= ¥— Minimum 1.3t f
<] =~ ™y X
)
=
7y, F | T IR
/ X
. o !h Minimum 3t + 15 in. (13 mm]
- = Minimum 3ty + 1/; in. 113 mm but not less than 1 in. (25 mm)
but not less than 1 in. {25 mm)
{al Single Fillat Lap Weld
For ellipsoidal heads — minimum 2ty
but not less than 15 in. (13 mmi
=—=— For ellipsoidal heads — minimum 2t Tangent lins =
T i but not less than 1/ in. 113 mml - For other heads —
angent fing - fl Id minimum 2¢; +Wa i
=—— Faor other heads — ug we I|I 112 mm)
i I -
minimum 2¢ + 'z in. (13 mm) & — | Minimurm ¢,
te — [=— Minimum #; + ﬂ__%_____ N
P [
R e NS SN
SRR e | o A /’%
* A e d f
s Mot less than d—J—I th
—={  |=— Minimum ¢ o
.. Minimum 34
-1—--'— Minimum a1, or 48, . .
whichewver is less Minimum 34 + Yz in. (13 mm) -

{b] Double Fillet Lap Weld

but not less than 1 in. (25 mm) "

le) Single Fillet Lap Weld With Plug Welds

Figure UW-13.1
Heads Attached to Shells (Cont'd)

Thinner part

Tangent line

| < Wy ltg—tp)
JV ts

{j) [See Motes (8] and (71]

Tangent line

Thinner part

Thinner part
——

=gty —tg

e

(I} [See Notes (7] and (8)]

{m] [See Notes (7) and 8/]

o ' A
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WELDING @

Figure UW-13.2
Attachment of Pressure Parts to Flat Plates to Form a Corner Joint

Ip |- —| I |

—|
{ T i i i i |
777 .
» a/éf
// 1‘ o zf.f * -r :
P a + b not less
a + b not less a + b not less a + bnot less than 2t
_ than 2t | than 2t, i | than 2t i an Zls
(b=10) e not less than tg, a not less than tg, and arrmt Ie?s thtahn rs,t ﬁm(
(a) tyy not less (b} and tp not less than ic) tp not less than the {dl fi nclrlt Es?r an the
than t; the smaller of t; or smaller of t; or ?F?HE{%Dm%?r
1. 10, 5 g im.
Backing strip /4 1n. (6 mm} /g in. (6 mm)
may be used tg
E"l +32 = 4
! [
“ : | a3 /

—

~|

a + b not less

SN S

5
a + bnot less

This weld metal

- than 2t a +bnot less may be deposited than 2t, (b = 0)
(b =0} than 2tg . before completing | | 3 not less than 0.5aj,
the joint not greater than 2a;
4 not less than i, 3 + b not less
e le-2) M than2t, b-0 o)

- r' i -
is permissible

o ' a v @63
W18 ININE W Neava



WELDING @

Figure UW-16.1
Some Acceptable Types of Welded Mozzles and Other Connections to Shells, Heads, etc.

Backing strip, if used, may be removed after walding

Max. = T,

1W2 i

mimn

Full Pansiration Weid
With Integral Reinforcement

[See UW-16 [c]i1] and Note (1] I fa-2 fa -3 la - 4}

Separate Reinforcement Plates Added [See UW-16{cl(2]]

Backing strip, if used,
may be ramaved
LY after welding e}

le)

Full Penetration Welds to Which Separate Reinforcement Plates May Be Added [See UW-16(c)(2] and Note [(1)]
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WELDING: SMAW & GMAW

Welding machine Ac or bc
power source and controls

Waork
cable

Arc

Electrode
holder

N e
cable
Feed control
Control system Wire

Gas out

Gun control o

Gun

Workpiece

Wire-feed / A=

SMAW

Solidified slag

Coating
Electrode

Shielding
gas
Base metal

Weld metal Arc

GMAW

Protectores auditivos

Cotarin resistente
o fuega

Shielding-gas source

Voltage control

Power line (AC Single phase )

Covered electrode
Workpiece

Welding cable

Pantalla de proteccin

Manorreductor
del suministro de gas

drive motor Welding machine
Contactor control 110 V supply e vl i
I —
[ & a v
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WELDING: SAW & GTAW ©

SAW

= Electrode-wire reel
Flux hopper

Voltage and
current control fused flux

wire electrode
granular flux

Unfused-flux
recovery tube

Wire-feed motor
Electrode cable
Contact tube
Waorkpiece
Weld backing

Voltage-pickup
leads (optional)

Huumaﬁ%ech@gmail .com

GTAW

Direction of /.-— GTAW head iR
Power Cooling-water supply  5° o >°
Shielding gas supply : welder
Filier rod Tungsten electrode Torch
(nonconsumable) Filler rod
A Weld bead Drain

Workpiece

Foot pedal (optional) —/‘[ e ——

[ I'd Aa v @66
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WELDING: WELDING PROCUDURE SPECIFICATION(WPS)

Welding Procedure Specification (WPS)
Welding P d No: Superduplex TIG/GTAW e - -
C Base Material T 27 N N > 7
Walding process (roat): TIG/ GTAW Parant Matarial: Suparduplax AEPROX. 10809
- Consumable:  Zeron 100X {UNS 532750 & S32760). iy 1429 1950 1429
-  Spacification: BS EN 12072: W25 94 NL ASME 1X: P or 5 number (QW422)= 30 258 H‘ i 2620 130
Welding process (fill): TIG [ GTAW 10H group 1 1620 [ t 2500 1330
a Carsumabie: Zaron 100X Thicknass: 18,26 {Schedula 160) 400 1000 1430 ! 750 395 355 750 2070 500 300,
- Specification:  BS EN 120722 W 2594 NL Outside Diameter: 6 inch NB
Joint Details Joint Position r——|
Joint Typa: Single side butt Walding Position:  ASME 6G T - 4
ManualMechanisad: Manual N j (P N i
. . " I i pa
Joint Sketch Welding Sequences d ¥ K =) K \F=
657157 I I il i F—
db o 4
SRR OR R
2
Split layers (2 beads perlayer) from runs 45 onwards. 1l WL | W2 Zx2-LUFTING
ler LGS
1826mm ES
O.E-I.Srrml < = ol
— 1 = (o NLL+1371.5
|[& o
T -+ | |1— 2<4mm \ 7
] M
Welding Details ; / i
_ a [l 1¥]¥ ¥
: rave Heat /
Run | Process Consumable Diameter | Current | Voltage | ..oy Tweof current | Ly = S i t T
mm A v ninnin I Polarity HEWI. HEAD
sl Oszinase w7 | | |
1 TG Zeron 100X 24 B0-100 ~12 ~50 DC- ~1.2 o ! | |
2 TG Zeron 100X 24 | 90130 | ~12 ~125 DC- 0.8 | E= { L3
Fill TG Zamon 100X 32 200-225 ~12 100175 DC- ~1.5 \ W
] | \ g
| \ | o |
Bectrade Baking ar Drying: NA Notes: ‘|‘ " 990
Gan =mat(TIG) s::;i;:: i:+2% N 1. Tack jpint sacuraly 1o prevent root closure using four b = il
L | NE N5E
Gas - fillcap (TIG) - Shiakling: Ar i L = Ne ‘v
i bridging tacks.
Purge: Ar 420 1150 1280 750 750 750 970 [
Tungsten Bectrada Typa/Size: 2%Th2 Amm 2. Weld pipa in four 80" segments fo prevent axcassiva lwam 1ean 4500 (SDOLE G TO SADDLE ©)
Detais of Back Gouging/Backing: NA avarhaating.
Praheat Temperature: 20C | | 3. Purge to mairtsin 0.5% oxygen max.
Inlerpass Temparature: 150"C max 4. Ar + 2%M. shialding gas is recommendad for tha root run
Post-Weld Heat Treatmant andior Agsing:  Nane 1o ensure GABA proparties.
Temparatura: 5. Purging 20-30Vmin {reduced to ~10Vmin for te-in).
Time: Maintain purge for first two runs.
6. Shialding gas flow rate B-12Vmin.

HEML. HEAD
S24(MIN 49.4¢ A/F)®

@67
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HEAT TREATMENT : STRESS RELIEVED REQUIREMENT @

Table UG-79-1
Equations for Calculating Forming Strains

Type of Part Being Formed Forming Strain
R
Cylinders formed from plate = 50t 1- o
Ry R,
75t R
For double curvature (e.g., heads) g=|——|1- o
Ry Ry
Tube and pipe bends &= lc.:i?r

GENERAL NOTE:
£y = calculated forming strain or extreme fiber elongation

R = nominal bending radius to centerline of pipe or tube o o s
Ry = final mean radius Head Spmng P]ate Fomng
R, = original mean radius, equal to infinity for a flat plate

r = nominal outside radius of pipe or tube

t = nominal thickness of the plate, pipe, or tube before forming

Do

wly

DH
TH,

By

Outside Width—)l

Bent Tube Formed Head Tube Bending

o ' a v
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STRESS RELIEVED REQUIREMENT

Table UHA-34
Postfabrication Strain Limits and Required Heat Treatment
Limitations in Lower Temperature Range Lim it b in Higher Ml Fheat-T reatment
For Design Temperature, °F [FC) Temp erature Range Temperature, °F [PC), When
For Design Dexign Temperature amd
Amd Forming | Temperatumne, Amd Foorming Forming Strain Limits Are
NS But Less Than or Strains “F [*C]. Strains Excesded [Mote [1]] and
Grade  Number Exrcewding Equal t Exceeding % Exceeding Exverding % [Mote [2]]
201-1 520100 All Al All All All 1,950 [1 065)
heads
201-1 520100 all All Al 4 All i 1,950 [1 065)
others
201-2 520100 All Al All All All 1,950 [1 065)
heads
201-2 520100 all All Al 4 All i 1,950 [1 065)
others
2011N 520153 All All All All All 1,950 [1 045)
heads
2011N 520153 all All All 4 All i 1,950 [1 045)
others
204 520400 All All All All All 1,950 [1 065)
heads
204 520400 all All Al 4 All i 1,950 [1 065)
others
304 530400 1075 [580) 1250 [675) 20 1,250 [675) 10 1,900 [1 0-40)
304H 530409 1075 [580) 1250 [675) 20 1,250 [675) 10 1,900 [1 040
4L 530403 1075 [580) 1,250 [675) 20 1,250 [675) 10 1,900 [1 0440
304N 530451 1075 [580) 1250 [675) 15 1,250 [675) 10 1,900 [1 040
3095 530908 1075 [580) 1250 [675) 20 1,250 [675) 10 2,000 [1 095)
0 531009 1075 [580) 1250 [675) 20 1,250 [675) 10 2,000 [1 095)
05 531008 1075 [580) 1,250 [675) 20 1.250 [675) 10 2,000 [1 095)
36 531600 1075 [580) 1250 [675) 20 1,250 [675) 10 1,900 [1 040
A6 531609 1,075 [(580) 1,250 [675) 20 1,250 [675) 10 1,900 [1 0441)
IL6N 531651 1075 [580) 1250 [675) 15 1,250 [675) 10 1,900 [1 040
121 532100 1,000 [540) 1,250 [675) 15 [Kote [3]] 1,250 [675) 10 1,900 [1 0441)
210 532109 1,000 [540) 1,250 [675) 15 [Kote [3]] 1,250 [675) 10 2,000 [1095)
347 534700 1,000 [540) 1,250 [675) 15 1,250 [675) 10 1,900 [1 0441)
MTH 534709 1,000 [540) 1,250 [675) 15 1,250 [675) 10 2,000 [1095)
MTIN 534751 1,000 [540) 1,250 [675) 15 1,250 [675) 10 1,900 [1 0441)
348 534000 1,000 [540) 1,250 [675) 15 1,250 [675) 10 1,900 [1 0441)
3AH 534809 1,000 [540) 1,250 [675) 15 1,250 [675]) 10 2,000 [1 095)
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HEAT TREATMENT : PICKLING AND PASSIVATION @

solution annealing of SS dissolves any precipitated carbide phase at high temperature, then rapidly cools so

that carbides will not be present to lessen corrosion resistance.

© (9] o
00002 oo%oo 00800
So

Oxygen to form the chromium-rich oxide surface layer

Tank immersion pickling:

Processing sequence may be:

1) Clean SS of any lubricant which may contaminate surface when heated.

2) Solution anneal.

3) Mechanical descaling (wire brushing, temper rolling of sheet) to fracture & partially remove heat treat scale.

4) Pickle (acidic solution : nitric and Hydrofluoric acid) removes existing surface oxides (as from heat treating or welding),
surface contamination such as iron from steel tooling, and removes the near-surface layer of metal which is often depleted in
chromium due to prior heating.

5) Mechanically polish.

6) Passivation, nitric acid solutions (or increasingly with heated citric acid solutions)

o I'd a v
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HEAT TREATMENT : HOLDING TEMPERATURE FOR CS (@\

1100, Temperature ("C} -
1050

nommalising ange:  0.94%C B B30°C
BS1'C > BBEC i _

i 0.a%

/

auu hilll;lq-ning '] y
anmealing raige: T f.r
750|B35°C = BST'C annealing [castings)
o 0. L %_;'F | |
700 i s Toiwic” criilcal boLndary 721G
E-El.‘."r
E' annealing forgings)
600 5
550 E
g
500 E
450
400 ] % Carbcn
U 0Z 04 06 DE 0 1.2 1.4 16
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TEMPERATURE - T

HEAT TREATMENT ©

HOLDING AT 675 °C @1 HR /25 MM THICKNESS =2 HOURS

a4

00 HEATING &

COODLING
"C FHR/ZS MM THICKNESS -4

280 °C MHRFFS MM THICENESS

500 1
400 ¢

500

ATMOSPHERIC COOLING
00

1] 4

TYPICAL PWHT CHART FOR
2" THICK WELD

Q.00 a0 B0 13.00

HOURS
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Temperature (Celsius)

HEAT TREATMENT : SOLUTION ANNEALING FOR S5

Rockwool 100mm, topping pe— 4,000 ————>f

Ceramic fiber 50mm thick.__\ (_E.x.hau.&l_vcni

Combustion gas fan Exhaust VC / < Exhauﬂﬂl

Fire brick suppmls

1.1004 nolaing lLime 4U minutes
1,040 C— _
1,006+ » Switch off power, open the Furnace
Land cool down shall be as rapidly
900 - as Practicable
200 — ~825 C
700 Cooling should be sufficiently
Max. heating rate rapid through the 825-425 C by
600 '300 C/hr water spray quench should be in
’ less than three (3) minutes.
500—
300 _
Continued cool down
200 y waler spray quenching
100 . .
Ambient Ambient
0 f ] ] 1 T I

Time (hours)
Solution Annealing Profile
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HEAT TREATMENT : PWHT
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HEAT TREATMENT : TUBE U-BENDS @

) Post bending NDT control

— Hydrostatic Test
— Air Underwater Test

— Pulsating Test
— Dye Penetrant Test
— Magnetoscopic test

U-Tube heat treatment by Electric resistance

The Bent portion of the following U-Bend Tubes shall be heat treated after
bending.

a. Low Carbon Steel Tubes of which mean bending radius is less than or equal
to 5 times of the Tube outside diameter.

b. All Low Alloy Steel and Stainless Steel Tubes.
c. Brass Alloy Steel Tubes.

d. All Tube materials as specified in APl 660 paragraph 9.6.3 a) in Hydrogen
Charging, Caustic, or Amine Services.

[ ' a
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HEAT TREATMENT: PWHT REQUIREMENT @

Table UCS-56-1
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 1

Minimum Holding Time at Normal Temperature for Nominal Thickness
[See UW-40[f]]

Normal Holding

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm]) (50 mm to 125 mm) Over 5 in. (125 mm)
P-No. 1 Gr. Nos. 1, 2, 3 1,100 (595) 1 hr/fin. (25 mm], 15 min 2 hr plus 15 min for each 2 hr plus 15 min for
minimum additional inch (25 mm) each additional inch
over 2 in. (50 mm) (25 mm) over 2 in.
(50 mm)
Gr. No. 4 NA None None None

GENERAL NOTES:
(a) When it is impractical to postweld heat treat at the temperature specified in this Table, it is permissible to carry out the postweld
heat treatment at lower temperatures for longer periods of time in accordance with Table UCS-56.1.
(b) Postweld heat treatment is mandatory under the following conditions:
(1) for welded joints over 1'% in. (38 mm) nominal thickness;
(2) for welded joints over 1%, in. (32 mm) nominal thickness through 1% in. (38 mm) nominal thickness unless preheat is
applied at a minimum temperature of 200°F [95°C) during welding. This preheat need not be applied to 5A-841 Grades A and
B, provided that the carbon content and carbon equivalent (CE) for the plate material, by heat analysis, do not exceed 0.14%
and 0.40%, respectively, where
Mn Cr+Mo+V — Cu+Ni

CE=C+ — +
& 5 15

2 7 (e @76
W18 ININe e NEADADW



SIMULATION HEAT TREATMENT ©

Supplementary: Simulated Post-Weld Heat Treatment of Mechanical Test
Coupons

Prior to testing, the test coupons representing the plate for acceptance
purposes for mechanical properties shall be thermally treated to simulate a
post-weld heat treatment below the critical temperature (Ac3), using the
heat treatment parameters

(such as temperature range, time, and cooling rates) specified in the
purchase order. For tests using specimens taken from such heat treated test
coupons, the test results shall meet the requirements of the applicable
product specification.

2 7 (e 77
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IMPACT TEST : DETERMINE IMPACT TEST REQUIREMENT ( \

1. SELECT UCS 86 MATERIAL

2. UG-20 DESIGN TEMPERATURE

3. UG-22 LOADINGS

4. DESIGN FOR INTERMNAL ANDS
OR EXTERNAL PRESSURE

Y

EXEMPTION ALLOWED PER UG-20 (f}
<Q_& 1. MATERIAL P1. GR1 OR 2, & THK. < OR=1"7  }— NO—
s e e e S USE FLG. UCS 66 CURVES TCO
*KES‘_E”_D'_'OTESQ e e e ceeovan e ] e DETERMINE |F FOR THE GIVEN
=== 3. DESIGN TEMP. IS —20° DESIGN TO 650°F? — NO = MINIMUM DESIGN TEMPERATURE
Y\ES~._._.._______..._________| AND THIGKNESS, IS IMPAGT
MO S 4 DESIGN FOR THERMAL DR SHOCK LOAD 7 I vES— TESTING REQUIRED FOR THIS
\r———-—————-—‘—————'————-——-——‘ MATERIAL 7
r_ MO — 5. DESIGMN FOR CYCLIG LOADING ? — YES—— 4

I iS5 DESIGN TEMP. AND THK.
————=] IMPACT TEST NOT REQUIRED J—=————— vEs —[ D Iah e At I

YES Ls-rpmounn'v VESSEL ‘: "j'
I
IMPACT TEST REQUIRED o J tno—l e |
15 STRESS REDUCTION PER NO YES
UCS 66 (b) ALLOWED 7
YES | DOES THE DESIGN TEMP. AND THICKNESS REDUCE MDMT WITHOUT
FaALL ABOVE THE ADJUSTED CURVE ? IMPACTS 30 DEG. F.
T
YES
1 Y ' i
INGREASE VESSEL HEAD REDUGE PRESSURE AT
AND/OR SHELL THICKNESS MDMT I IMPACT TEST NOT REQUIRED l
DETERMINE THE TEMPERATURE DErEF‘MlNE THE TEMPERATURE
REDUCTION NEEDED TO AVOID REDUCTION NEEDED TO AVOID
IMPACT TESTING, USE UCS 85 (b) IMPACT TESTING, USE UCS 66 (b} YES
TO DETERMIME THE STRESS RATIO TO DETERAMINE THE STRESS RATIO
REQUIRED AMD Cal CULATE THE RECAHRED AND CALCULATE THE
CORRESPONBGING THICKNESS. CORRESPONDING PRESSURE. "‘—i PHD&%;;'IEHPEHSESS._'SAJ?ESAEEJE -:I;TJEWE = |

] i3

hs THIS COST EFFECTIVE 7 Ii NO IMPACT TEST REQUIRED
——

YES

EVALUATE IF THE MATERIAL SHOULD BE REVISED | v
LIMF’ACT TEST NOT HEQUlHEDJ TO A TOUGHER MATERIAL TO AVCID IMPAGCT TESTING [ E2

Figure 2-44. Flow chart showing decision-maklng process to determine MDMT and |mpact-testing requirements.
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IMPACT TEST : EXCEPTION AND REDUCTION CURVES

Figure UCS-66.1M
Reduction in Minimum Design Metal Temperature Without Impact Testing

©
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IMPACT TEST : MATERIAL CLASIFICATION CURVE @

1) Curve A applies to:

a)  all carbon and all low alloy steel plates, structural shapes, and bars
not listed in Curves B, C, and D below;

b) SA-216 Grades WCB and WCC if normalized and tempered or
water-quenched and tempered; SA-217 Grade WC6 if normalized
and tempered or water-quenched and tempered.

(2) Curve B applies to:
a) see below:
SA-216 Grade WCA if normalized and tempered or
water-quenched and tempered
SA-216 Grades WCB and WCC for thicknesses not exceeding 2
in. (50 mm) , if produced to fine grain practice and
water-quenched
and tempered
SA-217 Grade WC9 if normalized and tempered
SA-285 Grades A and B
SA-414 Grade A
SA-515 Grade 60
SA-516 Grades 65 and 70 if not normalized
SA-612 if not normalized
SA-662 Grade B if not normalized
SA/EN 10028-2 Grades P235GH, P265GH, P295GH, and P355GH
as rolled
SA/AS 1548 Grades PT430NR and PT460NR
(b)except for cast steels, all materials of Curve A, if produced to fine grain
practice and normalized, that are not listed in Curves C and D
below;
() all pipe, fittings, forgings and tubing not listed for Curves C and D
below;
(d)parts permitted under UG-11 shall be included in Curve B even when
fabricated from plate that otherwise would be assigned to a
different curve.

(

(3) Curve C applies to:

(a) see below:

SA-182 Grades F21 and F22 if normalized and tempered

SA-302 Grades C and D

SA-336 F21 and F22 if normalized and tempered, or liquid quenched and
tempered

SA-387 Grades 21 and 22 if normalized and tempered, or liquid quenched
and tempered

SA-516 Grades 55 and 60 if not normalized

SA-533 Types B and C Class 1

SA-662 Grade A

SA/EN 10028-2 Grade 10CrMo 9-10 if normalized and tempered

(b) all materials listed in 2(a) and 2(c) for Curve B if produced to fine grain
practice and normalized, normalized and tempered, or liquid

quenched and tempered as permitted in the material specification, and not
listed for Curve D below.

(4) Curve D applies to:

SA-203

SA-508 Grade 1

SA-516 if normalized or quenched and tempered

SA-524 Classes 1 and 2

SA-537 Classes 1, 2, and 3

SA-612 if normalized

SA-662 if normalized

SA-738 Grade A

SA-738 Grade A with Cb and V deliberately added in accordance with the
provisions of the material specification, not colder than —20°F

(-29°C)

SA-738 Grade B not colder than —20°F (-29°C)

SA/AS 1548 Grades PT430N and PT460N

SA/EN 10028-2 Grades P235GH, P265GH, P295GH, and P355GH if
normalized

SA/EN 10028-3 Grade P275NH

2 T e @30
W18 ININe e NEADADW



IMPACT TEST : IMPACT ENERGY VALUE @

Figure UG-84.1M
Figure UG-84 Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels,
Simple Beam Impact Test Specimens (Charpy Having a Specified Minimum Tensile Strength of Less Than 655 MPa, Listed in Table UCS-23
Type Test)
m T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTT T T T T T
0.215 in. (8 mm) : : :
|e——— 2 165 in. (556 mm) ——=| - 1 E
—l ¥ i Minimum specified ]
I B yield strength E
a L) C ro ]
0.394 in. J B = 450, <660 MPa H
(10 mm) [Note (1)1 50 /'; -
0.010 in. C ! .
(0.25 mm) RA L / ! ]
K as ; 7 i .
deg L 1 1
NOTE: w L e /f. 360 MPa e
(1) See UG-84(c) for thickness of reduced size specimen. - / : -
B 1 3
- Pl / | EOMPa
= - / - L e
oLt p / / | aMPa
[ B _—
= o 3 =1 ]
=t e ! i
o - = - / / / ! ]
F =] ] = 260 MPa—
- / // 1 -
B ! 3
20 = / = = - d
C d ]
C H ]
- 1 -
1
- : .
B : ]
B H 3
wop ' .
- 1 -5
- 1 -
- 1 -
- ; .
1
L H 4
C H ]
- 1 .
0 ey e e e b by b e by e b
0 10 20 30 40 50 &0 T =76

Maximum Mominal Thickness, mm
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IMPACT TEST: DETERMINE GOVERNING THICKNESS©

Figure UCS-66.3
Some Typical Vessel Details Showing the Goveming Thicknesses as Defined in UCS-66

- r (7)
® ?**
g%E cm—

Saction x-x

fgz =t (seamlass) or g iwelded)

- = G —

fa} Butt Welded ﬂm‘npnnnnt;

I ‘

l
Mo |
|
I

f
fe ‘r-ﬂ [
¢

S Tor

toq = the thinner
of ty ortg

g

_"i_r_". *

3O Ih

g = the thinner
of tg or g

FE

Ty = the thinner
of tgor 1

Figure UCS-66.3
Some Typical Vessel Details Showing the Governing Thicknesses as Defined in UCS-66 (Cont'd)
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RADIOGRAPHIC EXAMINATION @

X-ray tube

Defect _

T
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RADIOGRAPHIC EXAMINATION

FULL RT MANDATORY

Lethal substances

The welded joint exceeds 11/2 in. (38 mm), or exceeds the
lesser thicknesses prescribed in UCS-57(See table), UNF-57,
UHA-33, UCL-35, or UCL-36

Unfired Steam Boiler having design pressures (-a) exceeding
50 psi (350 kPa) [see UW-2(c)];

Categories B and C butt welds in nozzles and communicating
chambers that neither exceed NPS 10 (DN 250) nor 11/8 in. (29
mm) wall thickness do not require any radiographic
examination;

UT in accordance with UW-53 may be substituted for
radiography for the final closure seam of a pressure vessel if
the construction of the vessel does not permit interpretable

radiographs in accordance with Code requirements.

Table UCS-57

Thickness Above Which Full Radiographic
Examination of Butt Welded Joints Is

Mandatory

P-No. and Group
No. Classification

Nominal Thickness Above
Which Butt Welded Joints Shall
Be Fully Radiographed,

of Material i, (mm)
1Gr. 1,2 3 1Y, (32)
16Gr. 1,2 3 3 [(19)
4Gr. 1,2 S [16)
BAGR 1,2 0 [0}
5B Gr. 1 0 [0}
5C Gr. 1 0 [0}
15E, Gr. 1 0 [0}
94 Gr. 1 S [16)
9B Gr. 1 S [16)
104 Gr. 1 3, [19)
10B Gr. 1 3 [16)
10C Gr. 1 . [16)
10F Gr. 1 3, [19)

©
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ULTRASONIC EXAMINATION (UT) @

UT , found defect

Intensity —

UT, found defect

n Transmission pulse

Back wall echo

Defect echo

Time —»
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DYE PENETRANT INSPECTION (PT)

Penetrant

na
A

o @86

Developer

T G T

4. Apply developer ...

2. Apply penetrant ...

Developer
... and allow to soak e E‘-\- g

4. Apply developer...

... and wait

3. Rinse the test piece ...

... and let it dry




DYE PENETRANT INSPECTION (PT) @

Advantages Disadvantages

e Almost all materials  Only suitable for
can be tested surface defects

Simpleand s NG infiormationabout the
|oW-CosT fiora depthiofi fiaws can begained
SiNglENNSPeEGTion
» ROUGHISUTTAGCESare.
elifficulr 1o 1237
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MAGNETIC PARTICLE TESTING (MT) @

Ferromagnetic

N work piece

S Ferromagnetic S N

N work piece

S Suspension of ferromagnetic particles ‘ﬁ

- r \\_—
: --"'-—._: -
Magnetic | Crack - Magnetic ]
field lines 'V' field lines Magnetic
e ] field lines
- i —
_/J'\ Crack C .
. Crack B e
-Kﬁ i C
_\/_
-_---"'-—-_——-'—-_-—_
Magnetic Field Lines
()
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POSITIVE MATERIAL IDENTIFICATION (PMI) (@

M .
X Test-Alloy [y JLLLLY

@ 0i/5/13 #2 jlﬁ—'&_ @

316 - Exact

15-7 Mo - MN: 3.2

B % +/- Spec (316)
Mo 2.20 0.6 [2.00-2.90]
Ni 1062 045 [10.00-14.00]

Fe 6890 057 [61.28-72.00]
Mn 2,14 0.24 [0.00-2.00]
Cr 16.15 0.41 [16.00-18.00]

AT v,

. Read

**To identify the alloy composition of material
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W18 ININE W Neava L



ASME NAME PLATE

130

Figure UG-116
Official Certification Mark to Denote the Type of Construction Letter(s)
American Society of Mechanical Engineers’ Arc or gas welded w
Standard Pressure welded (except resistance) P
Brazed B
Resistance welded RES
Graphite G
Lethal service L
Unfired steam boiler UB
u UM PRT Direct firing DF
{a} {k} fe}
5‘\iEI 25 - 175 IiDﬁ!
‘ | | | 7)1t
b CERTIFIED BY: =
M7 E THAI ROTARY ENGINEERING PUBLIC COMPANY LIMITED ::;:
U 86.2 barg AT 60 °C E
W MAWP -
d RT1 —6.67 "C AT 86.2 barg o
T HT MDMT -
TREL-V-16—-U-013 R
MANUFACTURER'S SERIAL NUMBER 3
2017 2
%% YEAR BUILT =

DETAIL OF ASME CERTIFICATION NAMEPLATE
ToE + &5 SGALE ©:l

NOTE 4 & 5

SCALE 101

Certified by
USER

[see Note (1)]

{(Name of Manufacturer)

(Pressure)__at {temperature)

Max. allowable working pressure (internal) [see Note (4]]

(Pressure)___at (temperature)

Max. allowable working pressure
{externall [if specified, see Notes (4) and (5]

U, UM, or PRT
[see Note (2)]

(Temperature) at (pressure) ___

Min. design metal temperature

{Letters denoting
construction type
[see Note (3)]}

Manufacturer's serial number

Year built

GENERAL NOTE: Information within parentheses, brackets, or
braces is not part of the required marking. Phrases identifying data
may be abbreviated; minimum abbreviations shall be MAWP, MDMT,
S/N, FV, and year, respectively. See ASME PTB-4 for sample Name-
plate markings.

NOTES:

(1) “USER” shall be included when the vessel is inspected by a user’s
Inspector as provided in UG-91.

(2) See UG-116(a)(1)(-a), UG-116(a)(1)(-b), and UG-116(a)(1)(-c).

(3) See UG-116(b)(1), UG-116(c), UG-116(e), UG-116(f), and
UG-116(h)(1)(-a).

(4) For cases where the MAWP (internal) and MAWP (external) val-
ues have the same designated coincident temperature, the val-
ues may be combined on a single line as follows:

Pint/FV (psi) at Temp (°F)

(5) The maximum allowable working pressure (external) is re-
quired only when specified as a design condition.
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_ HEAT EXCHANGER DESIGN : COMPONENTS _(O

& R

Shellside Flow Connections
In
Tubesheet

Tubeside Flow

. .
““““

Baffles
Mounting

Out

Tubeside Flow |
R Head

@ SINGLE SEGMENTAL'BAFFLES - Horizontal 7o )

Gaskets
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HEAT EXCHANGER DESIGN : TEMA CLASSES @

TEMA : Standards Of The Tubular Exchanger Manufacturers Association
Latest Edition : Ninth

o ' A
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HEAT EXCHANGER DESIGN : TYPE

Stationary Head Types Shell Types Rear Head Types
¢ J_ . I
~————
A
Fixed Tube Sheet
One-Pass Shell
ass e Like *A" Stationary Head
F M )
Two-Pass Shell Fixed Tube Sheet
with 1ongindinal Baifie Uik "8 Stationany Heat
B
G I
Fixed Tube Sheet
Spiit Flow Like T* Stationary Head
H
C
Double Split Flow
Integral With Tubesheet
Removable Cover i
J
Divided Flow
N
Channel Integral With Tubesheet K
and Removable Cover
Kettle-Type Reboiler
D
X
o Externally Sealed
Special High-Pressure Closures || Cross Flow L] Floating Tubesheet

(%% I'd a v
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HEAT EXCHANGER DESIGN : TUBE PATTERN @

Triangular Rotated
(307) Triangular
(60)
Square Rotated
(907) Square
(45)

o ' a v ® 9
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HEAT EXCHANGER DESIGN : MIN. SHELL THICKNESS

TABLE R-3.13

MINIMUM SHELL THICKNESS

Dimensions in Inches (mm)

Minimum Thickness

Nominal Shell Diameter

Carbon Steel Alloy *
Pipe Plate
6 (152) SCH. 40 - i/8 (3.2)
8-12 (203-305) SCH. 30 - 1/8 (3.2)
13-29 (330-737) SCH. STD 38 (9.5) 3ne (4.8)
30-39 (762-991) - 76  (11.1) 1/4 (6-4)
40-80 {1016-1524) - 12 (12.7) 516 (7.9)
61-80 (1549-2032) - /2 (12.7) 516 (7.9)
81-100 {2057-2540) - i/2 (12.7) 3/8 (9.5)
TABLE CB-3.13
MINIMUM SHELL THICKNESS
Dimensions in Inches (mm)
Minimum Thickness
Nominal Shell Diameter - Carbon Steel Alloy *
Pipe Plate

6 (152) SCH. 40 - 1/8 (3.2)

8-12 (203-205) SCH. 30 - 1/8 3.2)

13-23 (330-584) SCH. 20 516 (7.9) 1/8 {3.2)

24-29 (610-737) - 5/16 (7.9) 3116 (4.8)

30-39 (762-991) - 3B (9.5) /4 (6.4)

40-60 (1016-1524) - 7116 (11.1) 1/4 (6.4)

61-80 (1549-2032) - 1/2 (12.7) 516 {7.9)

81-100 (2057-2540) - 1/2 (12.7) 3/8 (9.5)

*Schedule 5S is permissible for 6 inch (152 mm) and 8 inch (203 mm) shell diameters.

©
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HEAT EXCHANGER DESIGN : BAFFLES

©

" TABLE R-4.41

BAFFLE OR SUPPORT PLATE THICKNESS
Dimensioris in Inches (mm)

TABLE RCB-4.3

Standard Cross Baffle and Support Plate Clearances
Dimensions In Inches (mm) -

L Plate Thickness
Nominal Shell ID Unsupported tube length between central baffles. End spaces between tubesheets
and baffles are not a consideration. . ]
24 (610) and | Over 24 (610) Over 36 (914) | Over 48 (1219) Over 60
Under to 36 (914) to 48 {1219) to 60 (1524) (1524)
Inclusive Inclusive Inclusive
614 (152-356) 18 (32 | 316 (48) | 1/ 64) | 358 (95 | 38 (9.5)
15-28 (381-711) | 316 (4.8) | 14  (64) | 38 (@5) | 38 (@5 | 12 (127
29-38 (737-965) 14 (64) | 5116 (75) | 38 (085) | 12 (127} | 5/8 (15.9)
39-60 (991-1524) | 14 (64) | 3/8 (95 | 1/2 (127) | 58 (159) | 68 (159
61-100  (1549-2540) | 3/8 (9.5) | 12 (127 | 58 (159 | 34 (19.1) | 34 (19.1)
TABLE CB-4.41

Nominal Shell ID Design ID of Shell Minus Batfle OD
617 (152-432) 18 (32
1839 (457-991) 3/16 (4.8)
4054 (1016-1372) 14 (6.4)
5569 (1397-1753) 516 (7.9)
7084 (1778-2134) 38 (9.5)
85-100 (2159-2540) 7116 (11.1)

TABLE RCB-4.52

MAXIMUM UNSUPPORTED STRAIGHT TUBE SPANS
Dimensions in Inches {mm)

BAFFLE OR SUPPORT PLATE THICKNESS - Tube Materials and Temperature Limits * F ( * C)
Dimensions in Inches- (mm) Tube OD Carbon Steel & High Alloy Steel, 750 Aluminurn & Aluminum Alloys, Copper &
Plate Thickness {399) Copper Alloys, Titanium Alloys At Code
" Low Alloy Steel, B50 (454) Mexdimum Allowable Temperature
Nominal Shell ID Unsupported tube length between central baffles. End spaces between Nickel-Copper, 600 (316)
tubesheets and baffles are not a consideration. Nickel, 850 (454)
12 (305) |Over 12 (305) | Over 24 (610) | Over 36 Over48 | Over60 Y "'““B"C’“‘""“";m“{-"”"‘m )
and Under | to24 (610) | to36 (914) | (914)t0 48 [(1219)to60 | (1524) s E%; pot {;ﬂ % oo
Inclusive Inclusive (1219) (1524) W 2 M (118 38 (965)
Inclusive Inclusive 5/8 (15.9) 52 (1321) 45 (1143)
6-14  (152-356) |1/16 (1.6) [1/8 (3.2) (3116 (4.8) |1/4 (64) |38 (9.5) |[3/8 (9.5 34 (19.1) 60 (1524) 52 (1321)
15-28  (381-711) |18 (3.2) |3/16 (4.8) [1/4 (64) |3/8 (95) (38 (95 |12 (127) " 7 (1o00) poge
29.38  (737-965) |[3/16 (4.8) (114  (6.4) [5(16 (7.5) |[3/8 (95) |1/2 (127) |58 (15.9) 4 @ 65 (208 76 (1980)
39-60  (991-1524) (14 (6.4) (14 (6.4) (358 (9.5 (12 (127) |58 (15.9) (5B (15.9) 112 (38.1) 100 (2540) 87 (2210)
61-100 (1549-2540) [1/4 (6.4) [3/8 (9.5) [1/2 (127) |58 (127) [3/4 (19.1) |3/4 (19.1) 2 08 125 (3175) 10 (2794)
241/2 (83.5) 125 (3175) 110 (2794)
a (76.2) 125 (3175) 110 (2784)
o ® 96
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HEAT EXCHANGER DESIGN : BAFFLES @

No-Tubes-in-Window Segmental Baffles

| ] | | | ] ]
[ — ] [ ] [ — 3 & 1 | Baffle
| Y | | e l | ] —— Cut
[ ] ILj:I I — |
| ] S—— | =
| - I | AN . | —="1% ~——
g: | | ———t= —

——— | ] | |

Single Segmental Double Segmental Triple Segmental
Baffles Baffles Baffles Baffle

oo

Horizontal Cut
Vertical Cut
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HEAT EXCHANGER DESIGN : BAFFLES THICKNESS AND UNSUPPORT TUBE LENGTH ‘@‘

— — — — — —
" TABLE R-4.41
BAFFLE OR SUPPORT PLATE THICKNESS
Dimensioris in Inches (mm)
Plate Thickness
Nominal Shell ID Unsupported tube length between central baffles. End spaces between tubesheets
and baffles are not a consideration.
24 (610) and | Over 24 (610) Over 36 (914) | Over 48 (1219) Over 60
Under to 36 (914) to48 (1219) | to60 (1524) (1524)
Inclusive inclusive Inclusive

6-14 (152356) | 1/8 (3.2) | 3116 (48 | 14  (64) | 3)8 (95) | 358 (95)
15-28 @81-711) | 316 (48 | 14 (6.4) | 38 (95) | 358 (95 | 12 (127
29-38 (737-965) 1/4 (6.4) | 5116 (7.5) 3/8 (9.5) 1/2 (12.7) | 5/8 (15.9)
3060  (991-1524) | 14 (64) | 38 (95 | 12 (127 | 58 (159) | 58 (15.9)
61-100 (1549-2540) | 3/8 (95) | 1/2 (127)| 58 (159) | 3/4 (19.1) | 314 (19.1)

Unsupported tube length
P~ 6096 (TUBE STR‘L)
|"A” 1| 198 1005 @370x13 = 4810 ({ BAFFLE PITCH) 80
. - BAFFLE CUT [SNGLE SEC. V=CUT 17.77%) g
W b)) . TUBE 0.0 25.4x2.15t(AVC)x6096 STL —~ (&)
@ (s glE (b (8a)) REQD @TY : 5180, PITCH \El.fc—e-—\.D
g R S - A |
P I [ ] |/
w/ T s S I I (] I ) I | ] Il
— a
- i
] S A S A B B o = ;
: ' /
— _— — — — S — | E— — — ! 4
_____ _ ¢ - v v _ B R ! _—— U—BEND
I STRIE SUPRT

DETAIL OF TUBE BUNDLE
(TaP VIEW) SCALE 1:20

o 4 A
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HEAT EXCHANGER DESIGN : DESIGN CONDITION

TYPE | DESIGN CONDITION

Table UHX-12.4-1

Design Shell Side Tube Side
Loading Design Design
UETUBE Case Pressure, P, Pressure, P,

1 Psd,mlrl P.’.d,max
Prd,min
Ptd’,max

Ptd min

2 Psd,max
3 Psd',max
4 psd min

Table UHX-13.4-1

Shell Side
Design
Pressure, P

Tube Side
Design
Pressure, P,

Design

FIXED _
TUBE e
SHEET !

Psd, ma
Psd,ma

Pra,max
Ptd,mm
Pra,max

n
X
X

n

Psd mi Ptd min

Table UHX-14.4-1

OPERATING CONDITION

N/A

Table UHX-13.4-2

©

FLOATING

Design Shell Side Tube Side

HE AD Loading Design Design
Case Pressure, P, Pressure, P,

1 Psd,min Pidmax

2 Pid max Pid,min

3 Psd,max Pid,max

4 Pid min Pig min

Operating Operating Pressure Axial Mean Metal Temperature
Loading Case Shell Side, P Tube Side, P, Tubes, T; Shell, T,
1 Psox,min Piox,max Timx Ty mx
2 Psox max Piox,min Timx Ty mx
3 Psox, max Peox,max Tt mx Ty, mx
4 Pooxmin Peoxmin Temy Tsomx
Table UHX-14.6.4-1
Operating Pressure Metal Temperature
Operating Tubesheet at the Channel at Shell at
Loading Case Shell Side, P Tube Side, P, Rim, 7" Tubesheet, T/ Tubesheet, T;
1 Psox,m Pioxmax Ty T Tox
2 Poox, max Piox,min Ty Tox Tex
3 Pioy max Proy,max Ty Ty Tix
4 Psox, min Ptox.min Ty Tex Tex

[ ' a
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HEAT EXCHANGER DESIGN : TIE RODS, SELING STRIP

TIE ROD STANDARDS
Dimensions in Inches (mm)
Nominal Tie Rod Minimum
Shell Diameter Diameter Number of Tie
Rods _
6-15 (152-381) 38 (95) 4
16 —27 (406-686) 3/8 (9.5) 6
28-33 (711-838) 12 (12.7) 6
34-48 (864-1219) 12 (12.7) 8
49 - 60 (1245-1524) 12 (12.7) 10
| 61—100 (1549-2540) 58 (15.9) i2
LAST BAFFLE OR

[ _TUBE SHEET

e SURPORT
1
TIEROD SPACER TIERQD

BAFFLE OR

SPACER

SUFFORT PLATE

TACKWELD
SEE NOTE 3

N

.--@}

4, TERQD +1mm

ABOUT
10mm

THREADED QVER

ABQUT S0mim
MINBUM 1.5 ¥ NOMINAL TIERQD
SIZE. MNOT EMCEEDING (.75 OF
LOCAL TUBE SHEET THICKHMNESS,
TIE ROD ASSEMBLY

Sealing Strip

» They are placed in pairs on
opposite sides of the baffles

running lengthwise along OO0 Ares
the bundle. Sealing strips :

are mainly used in floating- JE a3/ Sealing Strip
head exchangers, where ool loo

the clearance between the oS & ol

shell and tube bundle is TRt

relatively large.

+ Typically, one pair is used for every four to ten rows of
tubes between the baffle tips. Increasing the number of
sealing strips tends to increase the shell side heat-
transfer coefficient at the expense of a somewhat larger
pressure drop.

o ' ‘yn -7 .100
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HEAT EXCHANGER DESIGN : TUBE HOLE DIAMETER @

Standard Tube Unsupported tube Tube in diameter (mm)
Over the OD of length (mm)
tube

For tube holes in

Unsupported tube length
RCB-4.2 TUBE HOLES
s — : B AT S
T8 " ____[1(1\} .
2 n 'é'-JE 3 ('T) 20 TABLE RCB-7.21
A= TUBE HOLE DIAMETERS AND TOLERANCES
= Y T I DT e _ (All Dimensions in Inches)
‘i Nominal Tube Hole Diameter and Under Tolerance
| I
\
‘ Over Tolerance; 96% of tube |
S For CS holes must meet value in
o Standard Fit Special Close Fit column (c). Remainder may
r 1 (@ not exceed value in column
@ @ {b) . _{d)
Nominal Nominal Under Nominal Under
Tube OD Diameter Tolerance Diameter Tolerance (c) (d)
1/4 0.259 0.004 0.257 0.002 ) 0.002 0.007
F t b h 1 . 3/8 0.384 0.004 0.382 0.002 0.002 0.007
Oor tube nholes 1n 12 0510 0.004 0508 0.002 0.002 0.008
Tubesheets 5/8 0.635 0.004 0.633 0002 | 0002 0.010
3/4 0.760 0.004 0.758 0.002 0.002 0.010
7/8 0.885 0.004 0.883 0.002 0.002 0.010
1 1.012 0.004 1.010 0.002 0.002 0.010
11/4 1.264 0.006 1.261 0.003 0.003 0.010
11/2 1.518 0.007 1.514 0.003 0.003 0.010
2 2.022 0.007 2.018 0.003 0.003 0.010
21/2 . 2.528 0.010 2523 0.004 | 0.004 0.010
3 3.033- 0.012 3.027 0.004 0.004 0.010

o I'd ‘yt:\ -7 .101
W18 ININE WM Neavab



HEAT EXCHANGER DESIGN : EXPANSION JOINT @

FIGURE RCB-8.41

FIGURE RCB-8.42

FLEXIBLE ELEMENT LOADING
AND BOUNDARY CONDITIONS FLEXIBLE ELEMENT 1 Wﬂ?ﬁ%ﬁmﬁ"
£A g
SHOWN IN FIGURE RCB-8.42 ‘/ \ EXELD BLEMENT 7
;' SYMMETRY ~——__ d
e = I a—
| - }_: T — __l \b-T' -T{,"'.':__ ——T e
1 — — —_—— —_——= S i
= — b NOT INCLUDED ol
! e g - INMODEL [~ 1| | X
— —‘-:r_' - 1" . -I | S APPLY AXIAL LOAD |Fuaw) FOR
——1—F —— v B j_f_l__ il SPRING RATE DETERMINATION
E ﬁ ] _// ti il T e (RCB&.5)
SHELL SIDE
PRESSURE APPLY AXIAL DISPLACEMENT ()
FOR STRESS DETERMINATION
g (RCH 8.6)
CENTER BR e
0 = TOTAL AXIAL DISPLACEMENT BETWEEN TUBES AND SHELL Y_ LINE OF HENT EXCHANGER IZZH o o UNRESTRAINED

SappuEd = 6F(1 /2N FSE) (APPLIED AXIAL DISPLACEMENT)
WHERE: Nrse = TOTAL NUMBER OF FLEXIBLE ELEMENTS (1 SHOWN)
0 = DISPLACEMENT FROM RCB-8.42

(AXIS OF SYMMETRY) AXIAL TRANSLATION

FIGURE RCB-8.62

FLANGED AND FLUED

STRESSE EVALUATION
153 BHOWN FOR STRESS

CLASSIFICATION LINE O-.J F G
IN FIGURE RCB 8.61
A . . E 0'4\%
= 1]
B D
FLANGED ONLY

% ¢ a v ® 102
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TABLE RCB-9.131

NOMINAL PASS PARTITION PLATE THICKNESS

Dimensions are in Inches (mm)

Nominal Size Carbon Steel Alloy Material
- Less than 24 3/8 1/4
(610) {9.5) (6.4)
24 to 60 1/2 3/8
(610-1524) (12.7) (9.5)
61 to 100 5/8 1/2
{1549-2540) {15.9) {12.7)

RCB-9.132 PASS PARTITION PLATE FORMULA

t=b, /ﬂ
1.58

where

HEAT EXCHANGER DESIGN : PASS PARTITION @

t = Minimum pass partition plate thickness, in. (mm})
B = Table value (linear interpolation may be used)
g = Pressure drop across plate, psi (kPA)
§ = Code allowable stress in tension, at design metal temperature, psi (kPa)
b = Plate dimension. See Table RCB-9.132, in. (mm)

(- % I'd a Y
W18 INITNWW NEATDW o



HEAT EXCHANGER DESIGN : PASS PARTITION @

TABLE RCB-9.132
PASS PARTITION DIMENSION FACTORS

Short sides fixed
Three sides fixed sides si
One side simply supported Short sides simply Long simply supporied
supported
a/b B a/b B ab BY
0.25 0.020 1.0 0.4182 1.0 0.4182
0.50 0.081 1.2 0.4626 1.2 0.5208
.0.75 0.173 1.4 0.4860 1.4 0.5988
1.0 0.307 1.6 0.4968 1.6 0.6540
1.5 0.539 1.8 0.4971 1.8 0.6912
2.0 0.657 2.0 0.4973 20 0.7146
3.0 0.718 « 0.5000 o 0.7500

Pass Partition

Seating width of
Partition Rib (N)

(- % I'd a Y
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HEAT EXCHANGER DESIGN : TUBE TO TUBE SHEET JOINT (@'

Cross Section Details of Tube Hole in Tube Sheet

If roller-expanded joints are utilized, the tube wall thickness reduction shall be in accordance with Table 4.

Table 4 — Allowable tube wall thickness reduction for roller-expanded tube-to-tubesheet joints

Material Tube wall mi::;msn reduction
Carbon steel and low alloy steel AL
Stainless and high alloy steel Gtoga
Non-ferrous 4to58
g The upper limit may be increased by a further 2 %, if approved by the purchaser.

o I'd a v
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HEAT EXCHANGER DESIGN : TUBE TO TUBE SHEET JOINT (@

lt— o

Figure A-2
Some Acceptable Types of Tube-to-Tubesheet Welds

LY

le] [Ses Note [2]]

(1) Sketches {a) through (d) show some acceptable weld geometries where a is not less than 1.4t

(f] [See MNote (2]

(ah [See Note (21]

T

{h) [See Note [2)]

Sl

t

(i [See Mote {211

(2) Sketches (&) through (i) show some acceptable weld geometries where a is less than 1.4¢t.

‘N OTES:

..... I
— B a3
1 L t L. L.
e s ‘ -rﬁ-—; E a “EE:). :)
o o et
= : \/ i

t

MAXIMUM AXIAL LOADINGS

For joint types a, b, b-1, ¢, d, e,

Lmax = J"‘.l‘-s'af,-

For joint typesf, g h,
Linax = ASafff,
For joint typesi, j, k,
Lmax = AtSafafif Wy

o I'd v‘a %] .106
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HEAT EXCHANGER DESIGN : TUBE TO TUBE SHEET JOINT

Table A-2

Efficiencies f,
Type Joint Description [Note (1]] Notes fr (Test) [Note (2]] fr [No Test)
a Welded only, a = 1.4t (3] 1.00 0.80
b Welded only, £ = a0 < 1.4t (3) 0.70 0.55
b-1 Welded only, a < ¢ 4] 0.70 c
C Brazed, examined (5] 1.00 0.80
d Brazed, not fully examined (6] 0.50 0.40
e Welded, a = 1.4f, and expanded (3] 1.00 0.80
f Welded, o < 1.4¢, and expanded, enhanced with two or (3)(7) (8) (9) 0.95 0.75
more grooves
g Welded, a < 1.4f, and expanded, enhanced with single (31(7)(8) (9) 0.85 0.65
groove
h Welded, @ < 1.4t, and expanded, not enhanced (31 (7] (8) 0.70 0.50
i Expanded, enhanced with two or more grooves (71(8) (9 0.90 0.70
i Expanded, enhanced with single groove (71 (8) (9) 0.80 0.65
k Expanded, not enhanced (7] (8] 0.60 0.50
NOTES:

(1) For joint types involving more than one fastening method, the sequence used in the joint description does not necessarily indicate the
order in which the operations are performed.
(2) The use of the f, (test) factor requires qualification in accordance with A-3 and A-4.
(3) The value of f. (no test) applies only to material combinations as provided for under Section IX. For material combinations not provided for
under Section IX, f;. shall be determined by test in accordance with A-3 and A-4.
(4) For f,. [no test), refer to UW-20.2(b).

(5) A value of 1.00 for f,. (test) or 0.80 for f,. (no test) can be applied only to joints in which visual examination assures that the brazing filler
metal has penetrated the entire joint [see UB-14(a}] and the depth of penetration is not less than three times the nominal thickness of the
tube wall.

(6) A value of 0.50 for f (test) or 0.40 for . (no test) shall be used for joints in which visual examination will not provide proofthat the brazing
filler metal has penetrated the entire joint [see UB-14(b)].

(7) When d,/(d, — 2t) is less than 1.05 or greater than 1.410, f; shall be determined by test in accordance with A-3 and A-4.

(8) When the nominal pitch (center-to-center distance of adjacent tube holes) is less than d, + 2¢, f-shall be determined by test in accordance
with A-3 and A-4.

(9) The Manufacturer may use other means to enhance the strength of expanded joints, provided, howewver, that the joints are tested in ac-
cordance with A-3 and A-4.
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