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ASME Code Symbol Stamps

ASME Boiler & Pressure Vessel Code

Section | - Steam Boilers Section VIl Div. 1 - Pressure Vessels
S steam boilers (master) U pressure vessels
A assembly only UM™* miniature vessels
E electric boilers uv* safety valves
M miniature boilers ub* rupture disk devices
5 paWeE piging (Bat.1) Section VIl Div. 2 - Alternative Rules
Vv safety valves U2 pressure vessels
- . ! Section VIl Div. 3 - Druckbehalter
Se*ctlon IV -_Heatlnq Boglgirs U3 High Pressure Vessels
H cast iron heating oilers UV3* safety valves
H wrought steel heatig boilers
HLW  potable water heaters Section X - Fibre reinforced Plastic

HV *  safety valves Pressure Vessels

RP pressure vessels

National Board Inspection Code

R repair and alteration

: * Components not subject to Authorized Inspection,
*
VR repair of Safety valves ASME Audit of the Manufacturer

SECO.PPT 11/98
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ASME Code Symbol Stamps

ASME Code Section Il (Nuclear Components)

N Nuclear Components
Vessels, Piping Systems, Valves, Pumps, etc.

NA Nuclear Installer
Assembly of Components

NPT Nuclear Parts S,

Welded Parts of Nuclear Components
NV Nuclear Safety Valves '
NS Nuclear Supports

Certificate of Accreditation

QsSC Quality System Certificate
Material Manufacturers
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ASME Boiler and Pressure Vessel Code ASME Order Department, W\W\W.asme.org
Rao. K.R. (Editor) ASME Press, NY 2002 ($160)

Companion Guide to the ASME Boiler & Pressure Vessel Code (Vol.1&2)

Carroll, D.E & Carroll D.E. Jr.:
The ASME Code Simplified — Power Boiler, McGraw-Hill, New York, 1997 ($60)

Chuse, R. & Carson, Bryce Sr.:
The ASME Code Simplified — Pressure Vessels, McGraw-Hill, New York, 1997 ($60)

Jawad, M.H. & Farr, J.R.:
Structural Analysis and Design of Process Equipment, Wiley- Interscience Publication, 1984

Jawad, M.H. & Farr, J.R.:
Guidebook for the desing of ASME Section VIII pressure vessels
ASME PRESS NY 1998 (65%)

Brownell, L.E & Young, E.H.
Process Equipment Design John Wiley & Sons, New York 1959

Steingress, F.M. & Frost, H.J.
High Pressure Boiler American Technical Publishers, Homewood IL, 1994 ($35)

Houle, Michael J.
Practical Giude to ASME Section IX CASTI Publishing Inc. Edmonton, Alberta Canada ($90)

Ernst, Richard:
Worterbuch der industriellen Technik, Oskar Brandstetter Verlag

VDEh (hrsg):
Stahleisen- Worterbuch, Verlag Stahleisen mbh, 6 Auflage, 1994
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Length:

Area:

Volume:

Force:
Energy:

Pressure
Temperature

La.»!j

IN

ft
Yd
sg In
sq ft
cu In
cu ft
Ib f
ft Ib

psi
F

25,4
mm

304,8 mm
914.4 mm
6,4516 cm?
0,0929...m>?
16,387 cm
28,317 |
4,448 N
1,355818 Nm
(=J)
0,06894757 bar
32+1,8*Tc
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TAELE 1A
SECTION I SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1

MAXIMUM ALLOWAEBLE STRESS VALUES SFOR FERROUS MATERIALS
(*See Maximum Temperature Limits for Restrictions on Class)

Alloy
Deslg)  Class/

Line Mominal spec UNS Cond.Sf slzef Graup
Mo, Compasition Product Form Mo. Type/Grade MNo. Temper Thickness, In. P-No.  No.
1 | Carbon steel sheet sh-620 L KOO040 1 1
2 | GCarbon steel Bar SA-675 45 1 1
3 | Carbon steel Wid. plpe SA-134  AZB3A 1 1
4 | Carbon steel Plate SA-282 A 1 1

& | GCarbon steel Plate SA-2B5 A KO1700

& | Carbon steel Plate SA-285 A Ko1700 ...

7 | GCarbon steel Wid. pipe SA-672 A4S Ko1700 ... 1 1
8 | Carbon steel sheet sA-414 A k01501 1 1
G | Carbon steel Wild. tube sA-178 A K01200 1 1
10 | GCarbon steel Wild. tube s4-178 A Ko1200 1 1
11 | Carbon steel Wild. tube sA-178 A Ko1200 1 1
12 | Carbon steel Wid. tube S4-178 A Ko1200 1 1
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TABLE 1A
SECTION I; SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS

(*See Maximum Temperature Limits for Restrictions on Class)

Applic. and Max. Temp. Limits

Min. Min. (NP = Not Permitted) External
Tenslle Yield (SPT = Supports Only) Pressure
Line Strength, Strength, Chart
Mo. kKs] sl I I11 VIII-1 M. N otes
1 40 20 MNF NP 650 C5-6
7 45 22.5 NP 650 (C1. 3 only) 900 C5-b G10, G22, G35, T2
3 45 24 MNF 300 (CL 2 only) NP C5-1 G337, W12
4 45 24 MNF 300 (Cl 3 only) 650 o5-1 L34, G327
ol 45 24 Q00 NP NF o5-1 Gl10, T2
i 45 24 NP 700 9010 £5-1 G10, G35, T2
Fi 45 24 MF 00 NF Cs-1 S6, W10, W12
8 45 25 MF NP Q00 Cs-1 10, G35, T2
g 47 26 1000 NP NP £5-1 G10, 51, T2, W13
10 a7 26 1000 NP NP £5-1 G4, G10, 51, T2
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TABLE 1A

SECTION I; SECTION III, CLASS 2 AND 3;* AND SECTION VIII, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS

(*See Maximum Temperature Limits for Restrictions on Class)

Maximum Allowable Stress, ksl (Multiply by 1000 to Obtaln psi), for Metal Temperature, °F, Not Exceeding

Line

No. -20to 100 150 200 200 400 500 &00 650 700 750 800 850 900
1 11.4 11.4 11.4 11.4 11.4 10.9 10.2 9.9

s 12.9 12.9 12.9 12.9 12.8 12.2 11.5 11.1 10.7 104 Qg 7.8 50
2 12.9 12.9 12.9

4 12.9 12.9 12.9 12.9 12.G 12.9 12.2 11.9

5 12.9 12.9 12.G 12.9 12.2 11.9 11.5 107 a3 8.6 50
3 2.9 12.9 12.9 2 12.G 12.9 Z 11.9 11.5 107 ag 7.8 &5
7 2.9 12.9 P 12.G 12.9 i 11.9 11.5

g 12.9 12.9 12.9 12.9 12.9 12.9 12.8 12.4 11.9 107 aQ 7.8 &5
9 124 12.4 12.4 12.4 12.4 12.2 12.8 12.4 107 agQ 7.1 &0
16 124 12.4 12.4 12.4 12.4 13.2 12.8 12.4 107 ag 7.1 4.3
11 11.4 114 11.4 11.4 11.4 11.2 10.9 10.5 Q.1 v 6.1 43
| 11.4 11.4 11.4 11.4 11.4 11.4 11.2 10.9 10.5 Q.1 7.8 &7 &85
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Acceptance for use

ASTM Material

ASME Code Committee

in Code on Materials
Constructions
SA-516 Gr 60 (Type, Class) ASME Material

no year

Society for ASME

Published in Section 1l Part A/B
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SFA-5.1
SFA-5.2
SFA-5.3
SFA-5.4
SFA-5.5
SFA-5.6
SFA-5.7
SFA-5.8
SFA-5.9
SFA-5.10
SFA-5.11
SFA-5.12
SFA-5.13
SFA-5.14
SFA-5.15
SFA-5.16
SFA-5.17
SFA-5.18
SFA-5.20
SFA-5.21
SFA-5.22

SN T A ™ NN

1Section Il Part C SFA-Numbers

Carbon Steel Electrodes for Shielded Metal Arc welding

Carbon and Low Steel Rods for Oxyfuel Gas Welding

Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding
Stainless Steel Electrodes for. Shielded Metal Arc Welding

Low — Alloy Steel Electrodes for Shielded Metal Arc Welding

Covered Copper and Copper Alloy Arc Welding Electrodes

Copper and Copper Alloy Bare Welding Rods and electroes

Filler metal for Brazing and Braze Welding

Bare Stainless Steel Welding Electrodes and Rods

Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding
Tungsten and Tungsten Alloy Electrodes. For Arc Welding and Cutting
Solid Surfacing Welding Rods and Electrodes

Nickel and Nickel Alloy Bare Welding Electrodes and Rods

Welding Electrodes and Rods for Case Iron

Titanium and Titanium Alloy Welding Rods and Electrodes

Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

Carbon Steel Filler metals for Gas Shielded Arc Welding

Carbon Steel Electrodes for Flux Cored Arc Welding

Composite Surfacing Welding Rods and Electrodes

Stainless Steel Electrodes for Flux Cored Arc Welding and Stainless Steel Flux Cored Rods
for Gas Tungsten Arc Weling

Y U Y . Y R B . T I B .l DY Y .. T T Iy T T Y 2 B
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Section1l- C Filler Metals AWS s suiis p ol o Lwbiss

SFA-5.1, 5.4: SMAW Electrode Classification
E/018, E7018M, E/016-1HzR
E XXX X X XX
Strength « 0=DCEP d
in KSI « 1=AC or DCEP d
« 2=AC or DCEN m
« 3=ACorDC [
« 4=ACorDC [
Positi - 5=DCEP m
osttion » 6= AC or DCEP :
Ellelieee - 1= All Position .« 7=AC 8; DCEP m Che”?"?a'
« 2= Flatand “penetration” Composmon_of
horizontal fillets weld Deposit

e 4= \fertical down
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Design
UG-16
UG-17
UG-18
UG-19
UG-20
UG-21
UG-22
UG-23
UG-24
UG-25
UG-26
UG-27
UG-28
UG-29
UG-30
UG-31
UG-32
UG-33
UG-34
UG-35

03

8.5x11in £

General . .
Methods of Fabrication mn Combmation ............. ... . i,
Materials m Combination .. ... ...t e e
Special ConstrUCtIONS . . .ttt e e e e
Design Temperaflile . . ..ottt ettt et e e
Design Presslre. . ..
I3 T P
Maximum Allowable Stress Values ... ... i
0 T 11
0 5 w1 1 P
LATIIIES & oottt et e e et e e e e e
Thickness of Shells Under Internal Pressure ... .. ... ...,
Thickness of Shells and Tubes Under External Pressure ........................
Stiffening Rings for Cylindrical Shells Under External Pressure..................
Attachment of Stiffeing Rings. ... .. .o
Tubes, and Pipe When Used as Tubes or Shells............ ... ... ... .....
Formed Heads, and Sections., Pressure on Concave Side .. .......... . ouirn...
Formed Heads, Pressure on Convex Side. . ...ttt i,
Unstayed Flat Heads and Covers ......... ... i

Other Types of Closures

— T

el Lao fao L b2 b2 B2 B2 B2 B2 B2 B2 B2
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UG-16 S i ot
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UG-20  ol)b sloom
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UG-22 03,lg sla,L"
UG-23 slge jlre ii®

UG-24 (cainS’ o pd) (5,5 aizs "



w:‘f ul-aﬂ

-2 Section VI Div.1 Design

UG-27 (51 jLid coxd) diuy cwlies®

UG-28 (.=, jLid coxd )ains cwlus®

UG-32 Formed headsm

UG-34 Flat headsm

UG-36 Quick actuating closures=
UG- 44 aof w¥lasl g gli®

UG-47 Braced& stayed surfacess

UG-53 Ligamentss

ug-s4 L al"
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Section VIII Div.1 Design

Design Loads

0d,lg o ,L"

()5 b J518) 2l b ,LisY
0 yo 4L

5L 593V

J35 ey

Loo &l s G.:Z:Ls 6'@3).'.3‘/
PipiNg s9,mv

Impact or cyclic loadsv
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UG-20 & 21 Operating Conditions

NAMEPLATE

Certified by Rusty Tank Corp.

—p MAWP 290 psi at 572" F
- MDMT -20°F at 280 psi

““ — - - — e
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FIG. UW-3 [LLUSTRATION OF WELDED JOINT LOCATIONS TYPICAL OF CATEGORIES A, B, C, AND D
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TYPES OF WELDED JOINTS

LIMITATIONS
IN APPLYING VARIOUS
WELDTYPES

NOTES

FORTYPE 1: NONE
Joint Category: A, B, C, D

FORTYPE 2: NONE
Joint Category: A, B, C, D
Except butt weld with one plate off-set
— for circumferential joints only.

FORTYPE 3:

Joint Category: A, B. C
Circumferential joints only, not over 5/8
in. thick and not over 24 in. outside diam-
cter.

FORTYPE 4:
(a) Longitudinal joints not over 3/8 in.
thick, Joint Category: A

(b) Circumferential joints not over 5/8 in.
thick. Joint Category B,C
For C joints these limitations not appli-
cable for bolted flange connections.

FORTYPES:
(a) Circumferential joints for attachment
of heads not over 24 in. outside diameter
to shells not over ¥ in. thick. Joints at-
taching hemispherical heads to shells are
excluded.
Joint Category B:

{b) Circumferential joints for the attach-

ment to shells of jackets not over 5/8 in.

in nominal thickness where the distance

from the center of the plug weld to the

edge of the plate is not less than 1% times

the diameter of the hole for the plug.
Joint Category: C

FORTYPE 6:
(a) For the attachment of heads convex
to pressure to shells not over 5/8 in. re-
quired thickness, only with use of fillet
weld on inside of shell:
Joint Category: A, B

(b) For attachment of heads having pres-
sure on cither side, to shells not over 24
in. inside diameter and not over Y4 re-
quired thickness with fillet weld on out-
side of flange only.

Joint Category: A, B

In this table are shown the types
of welded joints which are per-
mitted by the Code in arc and gas
welding processes.

The shape of the edges to be
joined by butt-weld shall be such
as to permit complete fusion and
penetration.

. Butt joints shall be free from

undercuts, overlaps and abrupt
ridges and valleys. To assure that
the weld-grooves are completely
filled, weld metal may be built up
as reinforcement. The thickness
of the reinforcement shall not
exceed the following thicknesses.

Plate thickness in. Maximum reinf. in.

up to ¥2 incl. 3/32
over %3 to | incl. 1/8
over | 3716

4. Before welding the second side of

a double welded butt joint, the
impurities of the first side weld-
ing shall be removed by chip-
ping, grinding or melting out to
secure sound metal for complete
penetration and fusion. For sub-
merged arc welding, chipping out
a groove in the crater i1s recom-
mended

. The maximum allowable joint

efficiencies given in this table
are to be used in formulas, when
the joints made by arc or gas
welding processes.

6. Joint efficiency. E= | for butt joints

in compression.

Jlail glaj 0 glgilm
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INTERNAL PRESSURE

FORMULAS IN TERMS OF INSIDE DIMENSIONS

NOTATION

P = Design pressure or max. allowable

working pressure psi

S = Stress value of matenal psi. page

Joint efficiency. page 172
Inside radius. inches
Inside diameter. inches
Wall thickness. inches
Corrosion allowance. inches

> Dxm

[}

(i

~

4

CYLINDRICAL SHELL (LONG SEAM)'

D P= SEt
I=SE_06P “R+06t

Usually the stress in the long seam is governing. See
preceding page.

When the wall thickness exceeds one half of the inside
radius or P exceeds 0.385 SE, the formulas given in
the Code Appendix 1-2 shall be applied.

SPHERE and HEMISPHERICAL HEAD

A S p__2SEt
— 2SE—-0.2P T R+0.2¢

~

For heads without a straight flange, use the efficiency
of the head to shell joint if it less than the efficiency
of the seams in the head.

When the wall thickness exceeds 0.356 R or P exceeds

0.665 SE. the formulas given in the Code Appendix
1-3, shall be applied.

Sl

g

h = D/4

2:1 ELLIPSOIDAL HEAD

giu o B p= 2SEt
~ 2SE-0.2P - D+0.2t

For el!ipsoidal heads, where the ratio of the major
?nf( r;unor axis is other than 2:1, see Code Appendix
-4(c).

Section VIII Div.1 Design
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INTERNAL PRESSURE

FORMULAS IN TERMS OF INSIDE DIMENSIONS

NOTATION
P = Design pressure or max. allowable
working re psi
§ = Swuress value of material psi, page

D = Inside diameter, inches
a = One half of the included (apex)

angle, de
L-lm‘idend{::fdish.incbu

189 r = Inside knuckle radius, inches

E = Joint efficiency, page 172
R = Inside radius, inches

r = Wall thickness, inches
C.A. = Corrosion allowance, inches

CONE anp CONICAL SECTION

- PD
~ 2cos a (SE—0.6P)

2SEt cos o

P=D-0-l.5eosa

T
o
-~

" 2. When@ s greater than

. The half apex angle, @ not greater than 30*

30°% special analysis is required.

(Code Appendix 1-5(g))

E ASME FLANGED AND DISHED HEAD
(TORISPHERICAL HEAD)

When Y/ = 16%:

~
3‘\ ,_ 0.885PL -
o S = -
TR T —0. 0.885L+0.1¢
/,,‘/,/4 {/l//_!—' S. 1P 885L +0.1
L .
fJ l 0 When Ur less than 16 %3
When the min. tensile strength _ PLM P= 2SE!
of material exceeds 70.000 psi. = 2SE - 0.2P T ILM+0.2t
see Code UG-32(c)
VALUES OF FACTOR “M"
WP EECTY RN R AR 2 SRS CXCT MN EXT) R X R T o "“laoo 6.50
M | 1.00 PPN LEC3 P CELL IS CREEY M CE) A [FEES U (2 S [ | =T
L 7.00 $.00 [5.00 10.0 11.0 12.0 14.0 160l 2]*
e 7.50 |s.s0 [o.50 10.5 1.8 13.0 15.0 16
I Iadd PP Liaid FPY "“ln.s: 1541, 56l % |i.sof ¢ |r.es) %%li.72 | "% |s. 22
L THE MAXIMUM ALLOWED RATIO ' L = D+ 2t (see note 2 on facing page)

Section VIII Div.1 Design
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INTERNAL OR EXTERNAL PRESSURE
FORMULAS

NOTATION

P = Intenal or external design pressure psi ~ E=joint efficiency

d = Inside diameter of shell, in.

S = Maximum allowable stress value of material, psi

t = Minimum required thickness of head, exclusive of corrosion allowance, in.
1, = Actual thickness of head exclusive of corrosion allowance, in.

= Minimum required thickness of seamless shell for pressure, in.

t, = Actual thickness of shell, exclusive of corrosion allowance, in.

-~
iy

CIRCULAR FLAT HEADS
t=d\ 0.13 PISE

This formula shall be applied:

1. When d does not exceed 24 in.

2. t,/d is not less than 0.05
nor greater than 0.25

3. The head thickness, #, is not less than
the shell thickness, 7,

t = d\/CP/SE
C = 0331, /1,

t C min. = 0.20

LANNNNN

If a value of ¢ /1 less than 1 is used in
calculating ¢, the shell thickness 7, shall be
maintained along a distance inwardly from

D

__2f,min. nor less than 1.25¢, the inside face of the head equal to at least
need not be greater than ¢ 2 @

| <]

1—M Non-circular, bolted flat heads, covers,
blind flanges Code UG-34; other types
l.'

! ! d =t of closures Code UG-35
-

Section VIII Div.1 Design
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EXTERNAL PRESSURE

FORMULAS

= head-tangent line,
stiffening rin
3. jacket dosuné’

mmmdwmmm
1. ci line on a head at one-third the depth of the

4. cone-to-cylinder junction or knuckle-to-cylinder junction of

a toriconical

or section,

5. tube sheets (sce 39
t = Mimmumrequgmdmﬁhick}m.m.

—

VESSEL
WITHOUT STIFFENING RING

°/

STIFFENING RIN

\

~
>-—.
—

VESSEL
WITH STIFFENING RING

CYLINDRICAL SHELL
Seamless or with Longitudinal Butt Joints

When D/t equal to or greater than 10

the maximum allowable pressure:
__4B

(D, /1)
The value of B shall be determined by the fol-
lowing procedure:

1. Assume a value for 7; (See pages 49-5h)
Determine L/D, and b., ’t

2. Enter Fig. G (Page 42) at the value of L/D_.

Enter at 50 when L/D is greater than S0, and
at 0.05 when L/D  is less than 0.05.

3. Move horizontally to the line representing
D_/t. From the point of intersection move ver-
tically to determine the valuc of factor 4.

4. Enter the applicable material chart (pages
43.47) at the value of 4. Move vertically to the
applicable temperature line®,

S. From the intersection move horizontally and
read the value of B,

Compute the maximum allowable working pres-

sure, F_.

If the maximum allowable working pressure is

smaller than the design pressure, the design

procedure must be repeated increasing the ves-

sel thickness or decreasing L by stiffening ring.
*For values of 4 falling to the left of the
applicable temperature line, the value of P,
can be calculated by the formula:

_ 2AE
T D 0)

When the value of Dg/t is less than 10, the
formulas given in the Code UG-28(cH2) shall
be applied.

Section VIII Div.1 Design



el ole

OGN & Enoneering Consulant

-'T

FORMULAS

NOTATION

¥OxY
|

-

Ms
nu

= External design pressure psig.

Maximum allowable working pressure psig.

Qutside diameter of the head, in.

Outside radius of sphere or hemisphereical head, 0.9D, for ellipsoidal
heads, inside crown radius of flanged and dished heads, in.

Minimum required wall thickness, inches.

Modulus of elasticity of material, psi. (page 43)

SPHERE and HEMISPHERICAL HEAD

The maximum | -
allowable pressure: = < (R_71)
The value of B shall be determined by the following pro-
cedure:
1. Assume the value for ! and calculate the value of

A using the formula: A=0.1254 R, /1) (see page 49)

2. Enter the applicable material chart (pages 43-47) at
the value of A, Move vertically to the applicable
temperature linc.*

3. From the intersection move horizontaliy and read

the value of B.

*For values of A falling to the left of the appli-
cable temperature line, the value of P, can be cal-
culated by the formula: P, = 0.062SEAR, /1 )*

If the maximum allowable working pressure £, com-

puted by the formula above, is smaller than the design
pressure, a greater value for 5 must be selected and
the design procedure repeated.

2:1 ELLIPSOIDAL HEAD

The required thickness shall be the greater of the

following thicknesses.

(1) The thickness as computed by the formulas
given for internal pressure using a design pres-
sure 1.67 times the external pressure and joint
efficiency E=1.00.

(2) The thickness proofed by formula F, = B/R,/t
whereR,=0.9 D, and B to be determined as for
sphere.

ASME FLANGED AND DISHED HEAD
(TORISPHERICAL HEAD)

The required thickness and maximum allowable pres-
sure shall be computed by the procedures given for

Jellipsoidal heads. (See above)R, maximum=D_

Section VIII Div.1 Design
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EXTERNAL PRESSURE

FORMULAS

=¥
a L
A

D;

™

NOTATION

A
B

Tl - b

nidg: N

factor determined from
fig. UGO-28.0 (page 42
factor determined from
charts (pages 43-47)
one half of the included
(apex) angle, degrees
outside diameter at the
large end, in.
outside diameter at the
small end, in.
modulus of elasticity of
material (page 43)
length of cone, in. (see
page 39)
equivalent length of
conical section,
In.(L2)(1+D,/Dy)
external design pressure,

CONE ano CONICAL SECTION

Seamless or with Butt Joints

WHEN alIS EQUAL TO OR LESS THAN 60*
and Dyf, > 10
The maximum allowable pressure:

4B
3(0;;’ ,.)

1. Assume a value for thickness, ¢,

The values of B shall be determined by the
following procedure:

2. Determine ¢,, L., and the ratios L ./D; and
Dy/t,

3. Enter chart G (page 42) at the value of L/
D¢ L/D,) (Enter at 30 when LD, is greater
than 301 Move horizontally 1o the line rep-
resenting D /. From the point of inter-
section move vertically and read the value
of 4

4. Enter the applicable material chart at
the value of A* and move vertically to the
line of applicable temperature. From the
intersection move horizontally and read
the value of 8.

$. Compute the maximum allowable working
pressure, P .

p. -

If P, is smaller than the design pressure, the
design, the design procedure must be repeated
increasing the thickness or decreasing L by

*For values of A falling to the left of the appli-
cable line, the value of # can be calculated
by the formula:

P, - 2AE/MDJt,)
For cones having D /t ratio smaller than 10,
see Code UG-33 (N(b)

WHENa IS GREATER THAN 60°

The thickness of the cones shall be the same as
the required thickness for a flat head, the
diameter of which equals the largest outside
diameter of the cone.

Provide adequate reinforcing of the cone-to-

I oylinder juncture. See page 159

Section VIII Div.1 Design
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EXTERNAL PRESSURE

FORMULAS

o ™ e

Use L in calkculation as shown when
e 4 the strength of joints of cone to cylin-
Ll der does not meet the requirements
/ \ described on pages 163 - 169 It will

result the thickness for the cone not
I less than the minimum required thick-
ness for the joining cylindrical shell.

der meets the requirements described
on pages 163- 169

L
| Use L in calculation as shown when
the strength of joints of cone to cylin-

Section VIII Div.1 Design
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SA-283C
SA-285C

SA-515
SA-516

THE VALUES OF FACTOR B

USED IN FORMULAS FOR VESSELS UNDER EXTERNAL PRESSURE

The values of the chart are applicable when the vessel is constructed of carbon steel and the specified yield
strenth 30,000 psi. and over. To this category belong the following most frequently used materials:

}All Grades

SA-53-B
SA-106-B

Type 405
Type 410

} Stainless Steel

25,000

20.000
18,000
16,000

14,000

12,000

10,000
9,000
8.000
7.000

6,000

5.000

4,000
3.500
3,000

2.500

Section VIII Div.1 Design
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DESIGN OF TALL TOWERS
WIND LOAD

The computation of wind load is based on Standard ANSI/ASCE 7-95, approved
1996.

The basic wind speed shall be taken from the map on the following pages.
The basic wind speed is 105 mph. in Hawaii and 125 mph, in Puerto Rico,
The minimum design wind pressure shall not be less than 10 1b./sq. fi.

When records and experience indicates that the wind speeds are higher than
those reflected in the map, the higher values of wind speed shall be applied.

The wind pressure on the projected area of a cylindrical tower shall be calculated
by the following formula.

F = gq.G CyA;  Table 6-1 ANSVASCE 7-95 STANDARD
{Numbers of tables and paragraphs are references to this
Standard.)

(D = H) Projected area of tower, sq, ft.
height of tower considered, fi.
outside diameter of tower, ft.

Shape factor = (1.8 for cylindrical tower (Table 6-7)

Gust response factor = (G, & G.)* (Para. 6.6)

When the tower is located:

in urban, suburban areas, Exposure 8 0.8;

in open terrain with scattered obstruction, Exposure C 0.85;
in flat, unobstructed areas, Exposure D 0.85.

Velocity pressure at height = above ground, 1b./sq. in.
000256 K.K. V2 [ Ib./sq. ft. (Table 6-1)

— Design Wind Force, 1b. L Importance factor = 1.0 for structures that
on projected area of present low hazard to human life in event
tower. (Para. 6.2) of failure (Para. 6.2).

Wind speed, mph. (Map 6-1)

Topographic factor = 1.0 when wind speed-up
over hills and escarpment is not present.
| (Para.6.5.5)

Velocity Pressure
Exposure Coefficient*
Exposures 8, C & D (Table 6-3)
* See tables below for values of g and for combined values
of Gy, G- and K. in Exposures B8, C, and D.

VELOCITY PRESSURE, ¢

Basic wind speed, mph, V/ 0 80| 90 [100 | 110 | 120 | 130

Velocity Pressure psf 0.00256 V2, 3 7| 21| 26 | 31 aa

Section VIII Div.1 Design
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DESIGN OF TALL TOWERS

WIND LOAD
(Continued)

COEFFICIENT G (Gust response factor combined with Exposure Coefficient)

HEIGHT [ ’
Above Ground, ft. | EXPOSUREB EXPOSURE C EXPOSURE D
0-15 0.6 1.1 14
20 . 0.7 12 L5
40 038 1.3 1.6
60 0.9 1.4 1.7
80 1.0 1.5 1.8
100 Il 16 1.9
140 12 1.7 2.0
200 1.4 1.9 2.1
300 16 20 22
500 19 23 | 24

The area of caged ladder may be approximated as 1 sq. ft. per lineal ft. Projected are
of platform 8 sq. fi.

Users of vessels usually specify wind pressure for manufacturers without referenc
to the height zones or map areas. For example: 30 Ib. per sq. ft. This specified preg
sure shall be considered to be uniform on the whole vessel.

The total pressure on a tower is the product of the unit pressure and the projected
area of the tower. With good arrangement of the equipment, the exposed area of thy
wind can be reduced considerably. For example, by locating the ladder 90 degree|
from the vapor line.

EXAMPLE:
Determine the wind load, F
DESIGN DATA:
the wind speed, V = KOm.p.h
diameter of tower, D = 6
height of tower, H = 80fi.

the tower located in flat,
unobstructed area, exposure: D

The wind load, F=¢. xG x C; A,

g from table = 26 psf
G from table - 1.8
Shape factor = 0.8

Area, A,= DH = 6 x 80 = 480 sq. ft.

F=26 x1.8 x0.8 x480=17.971 Ilbs_

Section VIII Div.1 Design



 DESIGN OF TALL TOWERS

‘ -
vl ol WIND LOAD
OGN & Enoneering Consulant (Continuation)
Al 2 FORMULAS
- T REQUIRET
ot o s STRESS frrnickNESY
M~ P.DH bk, A o
V=pP.DHis .12 B E
O = M- hV—-0.5P.D | Rmi | T R=SE

NOTATION
D,D; Width of the vessel with insulation ewc., ft
E Efficiency of the welded joimts.
H b Lever arm, 1.
h Distance from base to section under consideration, fi.

Maximum moment {at the base) ft b
Moment at height &y, ft. Ib.

:{HIH.- = Length of vesscl or vessel section. ft.

b P, Wind pressure, 1b, per sq. ft.
h R Mean radius of vessel, in

r S = Stress valuc of material or actual stress psi
v = Total sheas, Ib.
J = Required thickness, corrosion excluded, m

L) D,

EXAMPLE:
Given: D' - A ;)z 30" Hr - 560" ”2 - 44'-Q"

kr = 4'-0" P, = 30 psf
Determine the wind moment
H, by = Hy2 = 28°0° h; = H, + (Hx2) = 78°-0"
P, xD XH=VXxh=M

hnd Lower

Section 30 x 4 x 56 = 6720 % 28 = 188,160
Upper

Section M x 3 x 44 = 3960 x 78 = 308 880
Total V = 10.680 M 497 040 f1. Ib.

Moment at the bottom tangent line
M‘r - M - hf(V T O.SP‘D' hr) -

497,040 — 4 (10,680 — 0.5 x 30 x 4 x 4) ~ 455280 fu. Ib.

EXAMPLE:
Given: Dy =3ft.6in, H = 100ft. 0in. hy = 41f1. 0in.
P, = 30 psf
Determine the wind moment
hy = H2 = 50 ft. 0an.
P.x D, xH= VXh = M
Vessel 30 x 3.5 x 100 = 10,500 x 50 = S25.000
& Ladder 30 x 98 lin. fr. = 2,940 = 49 = 144 060
z Platformn 30 x 8 lin. fL = 240 x 96 = 23,040
= R Doc
= L) Total V = 13,680 M = 692,100
; S Moment at the bottom tangent line fr. IR
& M, =M — h (V—05P_ D, h) =
" 692,100 — 4 (13,680 — 0.5 % 30 x 3.5 x 4) = 638,220
- 2 - ft. b
SO [

SEE EXAMPLES FOR COMBINED LOADS ON PAGE: 69
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DESIGN OF TALL TOWERS

WEIGHT OF THE VESSEL

The weight of the vessel results compressive stress only when eccentricity does not
exist and the resultant force coincides with the axis of the vessel. Usually the
compression due to the weight is insignificant and is not controlling.

The weight shall be calculated for the various conditions of the tower as follows:

A. Erection weight, which includes the weight of the:

overweight of the plates and weight added by
the weldings

Erection weight: the sum of items 1 through 18.

B. Operating weight, which includes the weight of the:
1. vessel in erection condition
2. trays
3. operating liquid

C. Test weight, which includes the weight of the:

I. vessel in erection condition
2. test water

The compressive stress due to the weight given by:
S = w where §
ct w

C

!

unit stress, psi

oy

thickness of the shell or skirt, in.

1. shell Equipments:
2. heads

3. internal plate work 13. insulation
4. tray supports 14. fireproofing
5. insulation rings 15. platform

6. openings 16. ladder

7. skirt 17, piping

8. base ring 18. miscellaneous
9. anchor ring
10. anchor lugs

11. miscellaneous
12. + 6% of the weight of items 1 through 11 for

weight of vessel above the section under consideration, Ib.
circumference of shell or skirt on the mean diameter, in.

The weight of different vessel elements are given in tables beginning on page 374
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DESIGN OF TALL TOWERS
VIBRATION

As a result of wind, tall towers develop vibration. The period of the vibration
should be limited, since large natural periods of vibration can lead to fatigue
faifllure. The allowable period has been computed from the maximum permissible
deflection,

The so called harmonic vibration is not discussed in this Handbook since the
trays as usually applied and their supports prevent the arising of this problem.

FORMULAS
7
£ ’ i) = 3 Hy*
Period of Vibration: 7 sec. 7=0.0000265 (o ) \gg
Maximum Allowable Period M
of Vibration, T sec. =080\ ¥,
NOTATION
D = Outside diameter of vessel, ft.
H = Length of vessel including skirt, ft.
g = 32.2 ft. per sec. squared, acceleration
t = Thickness of skirt at the base, in.
¥ = Total shear. Ib. CH] sce page 61
W = Weight of tower, Ib.
w = Weight of tower per foot of height, Ib.
EXAMPLE
Given: Determine the actual and maximum allowable
period of vibration
D = 3125/ 0in.
H = 100f.0in,
g = 32.2ft/sec? 62 [0
t = 0.75in. 10 60x3.125 _
v = 14401b. 7=0.0000265 (3.723) 0.75 103 300
W = 36,000 Ib.

in operating condition a - f 36000 x 100 _ .
360 R SO o R 2.,

=
|

2%
The actual vibration does not excé he allow-
able vibration.
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DESIGN OF TALLTOWERS

SEISMIC LOAD (EARTHQUAKE)

The loading condition of a tower under seismic forces is similar to that of a
cantilever beam when the load increases uniformly toward the free end.
The design method below is based on Uniform Building Code, 1997 (UBC).

s
2

Ka) Seismic Loading Diagram

- ' ¥

Vv

- —

|tb) Scismic Shear Diagram

Base Shear

FORMULAS
SHEAR MOMENT
- _Z!_CW M= [F. X H+ (V—F,) X(2H/3))
R, M, =[F,X X] for X < H/,
M =[F, X H+ {(V—-F,) X (X-H/73)]
for X > Hy,
Base Shear

The base shear is the total horizontal seismic shear a
the base of a tower. The triangular loading pattern an
the shape of the tower shear diagram due to that load
ing are shown in Fig. (a) and (b). A portion of F, of tota
horizontal seismic force ¥ is assumed to be applied a
the top of the tower. The remainder of the base shear i
distributed throughout the length of the tower, includ-
ing the top.

Overturning Moment

The overturning moment at any level is the algebraid
sum of the moments of all the forces above that level.

NOTATION

C = Numerical coefficient =_2__%::§s‘
{need not exceed 2.75)

C =Numerical coefficient=0.035

D = Outside diameter of vessel, fl.

E = Efficiency of welded joints

F,= Total horizontal seismic force at top of the vessel,
1b. determined from the following formula:

F,~0.07 7V (F,need not exceed 0.25F)
=0,forT =07
H = Length of vessel including skirt, fi.
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DESIGN OF TALL TOWERS

SEISMIC LOAD (EARTHQUAKE)

(Continuation)

D
- e
-
\
H
RH
l. Xz o
Y Y

W
X

Il

NOTATION

QOccupancy importance coefficient (use 1.0 for
vessels)

Maximum moment (at the base), ft-1b.
Moment at distance X, fi-1b.

= Mean radius of vessel, in.

Il

A

Numerical coefficient {use 2.9 for vessels)
Site coefTicient for soil characteristics
soil profile with either:

a) A rock-like material characterized by a shear-wave

velocity greater than 2,500 feet per second or by
other suitable means of classification. S = 1.0

b)Stiff or dense soil condition where the depth is

less than 200 1. S = 1. A soil profile with dense or
stiff soil conditions, where the soil depth exceeds
200 feet. S=1.2.

A soil profile of 40 feet or more in depth and con-
taining more than 20 feet of soft to medium stiff
clay, but not more than 40 feet of soft clay. S =
1.5.

A soil profile containing more than 40 feet of soft
clay.S=2.0.

Allowable tensile stress of vessel plate material,
psi.

Fundamental period of vibration, seconds
=R

Required corroded vessel thickness, in.
12M ¢ o 120y
xR?S,E xRS, E

Total seismic shear at base, 1b.

= Total weight of tower, |b.

Distance from top tangent line to the level un-
der consideration, fl.

Seismic zone factor,
(0.075 for zone |
0.15 for zone 2A
0.2 for zone 2B

0.3 for zone 3

0.4 forzone 4

(see map on the following pages for zoning).
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SEISMIC LOAD (EARTHQUAKE)

DESIGN OF TALLTOWERS e ———

EXAMPLE
Given:
Seismic zone: 2B Z=0.2
D=375in.=3.125fi. X=961t.0iIn.
H=100ft.,0in. W =35,400 Ib.

Determine: The overturning moment due to earthquake at the base and at a
distance X from top tangent line.

First, fundamental period of vibration shall be calculated.
T=C,x H"=0.035 x 1007 = 1.1 sec.

and
I's=1. S§=15 R,=29,

C=|.25,s < 12513 _ 1962275

T3 1.1%3

2IC o 02x1x1.76 €
V - -R:: X ”" = —-——————2.9 x 35‘400 4,296 lb.

F,=007TV = 0.07 x 1.1 x 4,296=3301b.

M=[F,H+(V-F,)(2H3)]=
[330 x 100+ (4,296 - 330) (2 x 100/3) ] =294,756 ft. - Ib.

X >L3{thus

M,=[F X+(V-F;) (X-H/3)]=
(330x96+(4.296-330)(|00—33)]=28|,138 ft. - Ib.

Section VIII Div.1 Design




DESIGN OF TALL TOWERS

& 'S . l.qi
SV O ECCENTRIC LOAD
(G 1A = Engineering Gonsulant

Towers and their internal equipment are usually symmetrical around the vertical
axis and thus the weight of the vessel sets up compressive stress only. Equipment
attached to the vessel on the outside can cause unsymmetrical distribution of the
loading due to the weight and result in bending stress. This unsymmetrical arrange-
ment of small equipment, pipes and openings may be neglected, but the bending
stresses exerted by heavy equipment are additional to the bending stresses resulting
from wind or seismic load.

FORMULAS
REQUIRED
MOMENT STRESS THICKNESS
W W,

NOTATION

Eccentricity, the distance from the tower axis to center of
eccentric load, ft.

Efficiency of welded joints.

Moment of eccentric load, ft. Ib.

Mean radius of vessel, in.

Stress value of material, or acteal bending stress, psi
Thickness of vessel, excluding corrosion allowance, in.
Eccentric load, Ib.

~
I

T~ vz
nmnnnea

EXAMPLE
Given: ¢ =4 ft. 01n. Determine moment, M, and stress, S.
| R = |5 in. Moment, M = We = 1000 x 4 = 4000 ft. Ib.
t = 0.25 in.
= El
W 1000 Ib. S 12 Ve 12 x 1000 x = 272 psi

w Rt 3.14 X 152 x 0.25

When there is more than one eccentric load, the moments shall be summarized,
| taking the resultant of all eccentric loads.
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Design of Tall Towers
ELASTEGCGUS' T ABILITY

A tower under axial compression may fail in two ways because of instability:

2. By local buckling

significant factor in the resulting instability. The formulas for investigation of
elastic stability are given in this Handbook, developed by Wilson and Newmark.

1. By buckling of the whole vessel (Euler buckling)

In thin-walled vessels (when the thickness of the shell is less than one-tenth of
the inside radius) local buckling may occur at a unit load less than that required
to cause failure of the whole vessel. The out of roundness of the shell is a very

Elements of the vessel which are primarily used for other purposes (tray
supports, downcomer bars) may be considered also as stiffeners against buckling
if closely spaced. Longitudinal stiffeners increase the rigidity of the tower more
effectively than circumferential stiffeners. If the rings are not continuous around
the shell, its stiffening effect shall be calculated with the restrictions outlined in

the Code UG-29 (c).

FORMULAS

ALLOWABLE STRESS (S)

Without Stiffener With Stiffener

S = 1,500,000 (2 Jyield point) | S= 1,500,000 7z (2 3 yield p)

NOTATIONS:

A, = Cross sectional area of one logitudinal stiffener, sq. in.

A = Cross sectional arca of one circumferential stiffener, sq. in.

d = Distance between logitudinal stiffeners, in.

d, = Distance between circumferential stiffeners, in.

R = Mean radius of the vessel, in.

s = Allowable compressive stress, psi

i = Thickness of shell, in.

j 9x _, ., A; The equivalent thickness of the shell when jongitudinally
= d, stffened, in.
= A, The equivalent thickness of the shell when circumferentially
Ix ol U Z: stiffened, in.
EXAMPLE
Given: R = 18 in. Determine the allowable compressive stress (S)
t = 0.25 in
B 1,500,000 x ¢ _ 1,500,000 x 0.25 _ 20,833 psi
Given: A, = 1sq. in R 18
y, e Determine the allowable compressive stress (S) using
Longitudinal stiffener stiffener nngs R
is not used, lhelzll § = -000 VF‘,T:
t, = ¢ = 0.25 in. R
1

b o P 1,500.000 | /555 < 0.20 = 22.438 PSI

= 0.25 + 0.04 = 0.29 18

Reference: Wilson, W. M., and Newmark N. M.: The Strength of Thin Cylindrical

Exp. Sta. Univ. Ill. bull. 255, 1933.
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DESIGN OF TALL TOWERS
DEFLECTION

Towers should be designed to deflect no more than 6 inches per 100 feet of height.

The deflection due to the wind load may be calculated by using the formula for
uniformly loaded cantilever beam.

aAMm

FORMULA

3
&g PDUE(2H)

NOTATIONS

Maximum deflection (at the top), in.

Width of the tower with insulation, etc. ft.
Modulus of clasticity, psi

Length of vessel, included skirt, ft.

R?w 1, moment of inertia for thin cylindrical shell
(when R>10v)

Mean radius of the tower, in.

Thickness of skirt, in.

= Wind pressure, psf{

w R ~amOPE

2

Tmo

3

™

2 ft., 6 in,
30,000,000
48 ft., O in.
R = 0.3125
30 psf

I12 in.
0.3125 in.

EXAMPLE

Determine the maximum deflection: 4,

X = P _D,H (12HF

SEr

s 30 % 2.5 x 48 (12 x 48)3 - 1.69 in
M T g x 30,000,000 x 122 x 3.14 x 0.3125 y

The maximum allowable deflection 6 inches per 100 ft. of height:

for 48'-0" =

48 x 6
100

= 288 in.

Since the actual deflection does not exceed this limit, the designed thickness of the skirt is
satisfactory.
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DESIGN OF TALL TOWERS

COMBINATION OF STRESSES

The stresses induced by the previously described loadings shall be investigated in
combination to establish the governing stresses.

Combination of wind load (or earthquake load), internal pressure and weight of
the vessel:

Stress Condition

At windward side At leeward side
+ Stress due to wind — Stress due to wind
+ Stress due to int. press. + Stress due to int. press,
— Stress due to weight — Stress due to weight

Combination of wind load (or earthquake load), external pressure and weight of
the vessel:

Stress Condition

At windward side At leeward side
4+ Stress due to wind ~ Stress due to wind

- Stress due to ext. press. — Stress due to ext, press.
— Stress due to weight — Stress due to weight

The positive signs denote tension and the negative signs denote compression. The
summation of the stresses indicate whether tension or compression is governing.

It is assumed that wind and earthquake loads do not occur simultaneously, thus
the tower should be designed for either wind or earthquake load whichever is
greater.

Bending stress caused by excentricity shall be summarized with the stresses
resulting from wind or earthquake load.

The stresses shall be calculated at the following locations:

I. At the bottom of the tower
2. At the joint of the skirt to the head
3. At the bottom head to the shell joint

4. At changes of diameter or thickness of the vessel
The stresses furthermore shall be examined in the following conditions:
1. During erection or dismantling

-2. During test
3. During operation

Under these different conditions, the weight of the vessel and consequently, the
stress conditions are also different. Besides, during erection or dismantling the
vessel is not under internal or external pressure,

For analyzing the strength of tall towers under various loadings by this
Handbook, the maximum stress theory has been applied.
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COMBINATION OF STRESSES (cont.)

The bending moment due to wind is decreasing from the bottom to the top of the
tower, thus the plate thickness can also be decreased accordingly.

Table A and Figure B are convenient aids to find the distance down from the
top of the tower for which a certain thickness is adequate.

tJi, | 0.5 |06
m 1.0 |09

0.7 |08 (09 |10 [1.0 J1.2 |13 |14 L5 |16 |1.7
1/]0.8410.79/0.74|0.71 | 0.67 |0.64 | 0.62 | 0.60|0.58]| 0.56 {0.54

1.8 |1.9
0.53|0.5

e,
m

2.0 |22 |24 |26 |2.8 |3.0 |33 [3.6 |40 [4.5 |50
1/0.50|048]|046|0.44|042]0.41/0.3910.370.35/0.330.32

TABLE A, VALUES OF FACTOR m

Since the longitudinal stress due to internal pressure is one half of
the circumferential stress, one half of the required wall thickness
for internal pressure is available to resist the bending force of the
wind. From Table A, using factor m can be found the distance X
down from the top tangent line within which the thickness calcu-
lated for internal pressure satisfactory also to resist the wind
pressure.

X =HXm

t, = The required thickness for internal pressure

(Hoop Tension) in.

t = The required thickness for wind pressure at the bottom head

joint to shell, n.

EXAMPLE: r = 0235 in., ¢, = 0.644 in. rJt, = 0.644/0.233 = 2.7
= 100 f1.
From Table m = 043 and X = mi = 0.43 x 100 = 43 fr.
et Figure B shows the moment diagram of a tower under wind
(R s pressure. The diagram can al?o be used 1o select the appropriate
plate thickness at various heights.
0.2+
EXAMPLE:
4 At the height of 0.71 H the required thickness is 0.5
ol times the thickness required at the bottom.
el 0.4 \ If the required thickness is:
g N for intemal pressure, 1, = 0.250 in.
< N for wind load, 1, w 0.625 in.
& o N at the bottom required
S N, 2+ 1, =0.750 in.
=1 R S at height 0.71 H:
= 0.5 x 0.750 = 0.375 in.
%7 & thickness for internal
ke \\ mssurc .",2 j 0.125 in.
+ \ required thickness at 0.71 H = 0.500 n.
0.9
N
. B P
0.1 0.2 0.3 0.3 0.5 0.6 0.70.8 0.9 1.0 Fig B

Ratio of plate thickness required at the bottom
(t/2 + 1) to thickness required at the consid-

efed height.
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‘T

DESIGN OF TALL TOWERS
EXAMPLE - A

Required thickness of cylindrical shell under internal pressure and wind load.

2. 6"
rp—'—] DESIGN CONDITIONS
D = 2 ft. 0 in. inside diameter of vessel
D, = 2ft 6 in. width of tower with insulation, etc.
E = 0.85 efficiency of welded joints
H = 48 ft. 0 in. length of tower
= hy = 4 ft. 0 in. distance from the base to the bottom
= head to shell joint
= z P = 250 psi internal pressure
" . P, = 30 psf wind pressure
= = R = 12 in. inside radius of vessel
g 2 S = 15700psi stress value of SA 285 C
xR 8 o < material at 200°F temperature
- e = V = Total shear Ib.
No allowance for corrosion.

Minimum required thickness for internal pressure considering the strength of the long seams:
PR - = 250 x 12 y - 3.0(!)_0228.
SE — 0.6P ~ 15700 0.85 — 0.6 x 250 13,195~ =<2 1

Minimum required thickness for internal pressure considering the strength of the girth seams:
il PR = 250 x 12 2 3.0(!)_0” Y
3SE + 04P ~ 2 x 15,700 x 0.85 + 0.4 x 250 _ 26,790 ~ 0-112in.
Required thickness for longitudinal bending due to wind pressurc. Moment at the base (M):
P,xD, xH=VXh, =M
30 x 2.5 x 48 = 3,600 x 24 = 86,400 ft. Ib,
Moment at the bottom seam (M)

M, =M — hy (V — 0.5P_ D, hy) = 86,400 — 4 (3,600 — 0.5 x 30 x 2.5 x 4)
= 86,400 — 13,800 = 72,600 ft. Ib. = 72,600 x 12 = 871,200 in. Ib.

Required thickness:

I =

o . 0 871,200 871,200
Rz = SE 122 x 3.14 x 15,700 x 0.85 6,037,135

The required thickness calculated with the strength of the bottom girth seam:

For wind pressure 0.145 in
For int. pressure 0.112 in.

=0.145 in.

TOT. This is greater than the thickness calculated with
AL 0.254 the strength of the longitudinal scam therefore, this
minimum thickness 0.257 in. shall be used.

For simple vessels where the moment duc to wind is small, the above calculation is satisfactor)
Vessels which are subject to larger loadings may need closer investigation with respect also o

economical viewpoints. Sce pages 76-84 for skirt, base and anchor bolt design.
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DESIGN OF SKIRT SUPPORT

A skirt is the most frequently used and the most satisfactory support for vertical
vessels. It is attached by continuous welding to the head and usually the required
size of this welding determines the thickness of the skirt.

Figures A and B show the most common type of skirt to head attachment. In the
calculation of the required weld size, the values of joint efficiency given by the Code
(UW12) may be used.

Al

FORMULA

= 12M,.+ W
R aSE D =SE

4

NOTATIONS
Outside diameter of skirt, in.
Efficiency of skirt to head joint.
(0.6 for butt weld, Fig. A, 0.45 for lap weld, Fig. B)
Moment at the skirt to head joint, ft. |b.
Qutside radius of skirt, in.

ez oY
I

Stress value of the head or skirt material whichever
is smaller, psi.

t Required thickness of skirt, in.

W = Weight of the tower above the sKirt to the head
joint, in operating condition.

NOTE: Using extremely high skirt, the stresses at the
base may govern. To calculate the required thickness of
the skirt, in this case the above formula can be used,
considering the moment and weight at the base; £=1.

For wind:

For weight:

EXAMPLE
Given the same vessel considered in Example B.
D = 375in. S = 15,700 stress value
E = 0.60 for butt joint of S4 — 285 — C plate
M,= 638,220 ft. Ib. W = 31,0001b.
R = 18.75in.

1=

{

Determine the required skirt thickness.
12Mr 12 XX 638,220

"R ASE T TBTSX314X 1570006 o0

= ¥ - 31,000 v ,

“DX3.14XSE 375X3.14X 15700 X056 028
TOTAL =0.764 in.

Use '3/16™ thick plate for skirt.

REFERENCES: Thermal stresses are discessed in these works: .
Brownell. Lioyd E . and Youmg, Edwin H.. “Process Equipment Design.” John Wikey and Sons, Inc.. 1959, Weil,
N.A_, and ). J. Murphy Design and Analysis of Welded Pressure Vessel Skirt Supports. Asme. Trans. Industrial Engs-
weering foc Industry, Vol. 82, Ser. B., Feb., 1960,
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DESIGN OF ANCHOR BOLT

Vertical vessels, stacks and towers must be fastened to the concrete foundation,
skid or other structural frame by means of anchor bolts and the base (bearing)
Iring.
‘The number of anchor bolts. The anchor bolts must be in multiple of four and
for tall towers it is preferred to use minimum eight bolts.

Spacing of anchor bolts. The strength of too closely spaced anchor bolts is not
fully developed in concrete foundation. It is advisable to set the anchor bolts not
closer than about 10 inches. To hold this minimum spacing, in the case of small
diameter vessel the enlarging of the bolt circle may be necessary by using conical
skirt or wider base ring with gussets.

Diameter of anchor bolts. Computing the required size of bolts the area within
the root of the threads only can be taken into consideration. The root areas of
bolts are shown below in Table A. For corrosion allowance one eighth of an inch
should be added to the calculated diameter of anchor bolts.

For anchor bolts and base design on the following pages are described:
1. An approximate method which may be satisfactory in a number of cases|

2. A method which offers closer investigation when the loading conditions and
other circumstances make it necessary.

1 TABLE B

NUMBER OF ANCHOR BOLTS
TABLE A ! I

Diameter of

: . Minimum | Maximum
Bolt circle in.

olt * i
g.‘:: Root Area Dimension in. 24 to 36 a 4
sq. in. '2 '3 42 to 54 = B
14 0.126 7/8 5/8 60 to 78 12 12

56 | 0202 |1 3/4 84 to 102 12- 16

3 | 0302 |18 | 13716 108-10-136 1% S5
¥ | oais 1174 15/16 132 to 144 20

1 0.551 1-3/8 1-1/16

124 | 0693 1-1/2 1-1/8

14 | 0.8%0 1-3/4 1-1/4 TABLE C

124 1.054 1-7/8 1-3/8 MAXIMUM ALLOWABLE STRESSES FOR

lsﬁ 1.294 2 1-1/2 BOLTS USED AS ANCHOR BOLT

2 1.515 2-1/8 1-5/8 ification : : Max. allow.
124 1.744 2-1/4 1-3/4 Spe:ilulr:\tcr Diameter in. Stress psi.
12| 2.049 |2-3/8 | 1-7/8

- 2300 |2-172 |2 SA 307 All diameters 15,000
234 3.020 2.3/4 2-1/4 SA193B 7 4 and under 19.000
28| 3715 |3-171€ | 2-3/8 SA 193 BI16 |2% and under 17,000
234 | 4618 3.3/8 2-5/8 SA 193 B 7 |Over 2% to 4 incl. 18,000

3 5621 3.5/8 2-7/8 SA 193 B16 |Over 2'4 10 4 incl. 15,000

For bolts with standard threads.
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REINFORCEMENT FOR OPENINGS
DESIGN FOR INTERNAL PRESSURE
(continued)

3. REINFORCEMENT IN DIFFERENT
PLANES FOR INTERNAL PRESSURE

0.9

e

085

VALUES OF F

e 65

060

/w“

0S5

-~

9.50

0-
Angle @ of Plane with Longitudinal Axis

o~

W 30% W o &' 07

807 or

Factor F - Fig,. UG-37

Since the circumferential stress in cylin-
drical shells and cones is two times greater
than the longitudinal stress, at the open-
ing the plane containing the axis of the
shell is the plane of the greatest unit load-
ing due to pressure. On the plane perpen-
dicular to the vessel axis the unit loading
is one half of this.

Chart shows the variation of the stresses
on different planes. (Factor F)

When the long dimension of an elliptical
or obround opening exceeds twice the
short dimensions, the reinforcement
across the short dimensions shall be in-
creased as necessary to provide against
excessive distortion due to twisting mo-
ment. Code UG-36(a)(1).

Factor / shall not be less than 1.0, except
for integrally reinforced openings in cy-
lindrical shells and cones it may be less.

Longitudinal
axis of shell

The total cross-sec-
tional area of reinforce-

ment in any planes shall
bc.

F A=dxt,x F

Longitudinal
axis of shell

(Notations on precceding pages.)

DESIGN FOR EXTERNAL PRESSURE ’
The reinforcement required for openings in a single-walled vessel subject to external
pressure need be only 50 percent of that required for internal pressure where ¢, is the
wall thickness required by the rules for vessels under external pressure. Code UG-
37(dX1).

A.,dxfzch

{See Notatrons on preceeding pages.)
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— *0 R/
(59 cwod o )5ben sl JUalT e i yiSTas"
Pl Nl ol TP =Sy P
TAELE U'W-12
MAXIMUM ALLOWAEBLE JOINT EFFICIENCIESY FOR &RC AND GA&S WELDED JOINTS
Diegree of Radicographic Examination
Typ= Joln il i i
Ho. Joint Description Limitations Category Full® Spot? Hone
(il Eutt [olnts a5 actained by N A, B, C&D 1.00 0.8 0.7
doubde-welding of by other
mEans which will abaln the
same qualley of depesiesd wekd
metal an the Inslde and cutslde
weld surfaces 1o agres with the
requiremes of U'W-3s,
walds sk metal backing
strips which remaln n place
ae e ded.
(21 Sirmle-wssdded buee Jolnt wich faf None sscapt a5 10 (b) beloa A B C &D 0.5 [a =] [
backing swlp other than those fd Clraamferentlal bk |oines with A B EC 0.0 0.0 0.&5
Icluded uredar (13 ane plage offset: see LW-130biig s and
Flg. W¥-12.1, skeech (kD
3 sirmle-wded buct |olnt Clrcumferantial butt Jolms only, not a8 B &EC M F: FA& [ ]
withou 1se of backing sirlp ower "4 In. (1e mm} thick and net
over 24 In. C&10 M outslde
dlameter
ial Dauble full filles 1ap Jolnt ¢al Longwdinal joints not cver %, A HA HA 0.5
In. {13 mimnd thick
fiF Clroumferentlal |olnes not owar E & C* HA HA [
e IN. {1& mm? thick
(=) Slrile full fillex lap jolms whh faf Clroamferenclal |olnes® for E HA& HA [T 1]
plug walds corarming t LW- attachment of heads nat over 24 In
17 (610 mm} ouskle diameter 10 shd ks
not over g In. 13 mme thick
fiof Clroamferentlal |odnis fior the [H M HA& [T 1]

atcachiment 0 shells of Jackets nok
ower %4 In. (1e mm} I nominal
thickness where the distance from che
cemer of the plug weld v the edge of
the plate k not 1ess than 1% times the
diameter of the hale for the plug.
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Xction VI Div.1 Table UW-12

0C M0 & Momeering Gonsy
AdZ TABLE Uw-12
MAXIMUM ALLOWABLE JOINT EFFICIENCIES:® FOR ARC AND GAS WELDED JOINTS (CONT'D)
Degres of Radiographic Examination
Type Joint Ca- ial ih i)
No. Joint Description Limitations tegaory Full? Spot” Mane
(&) Single full fillet lap joints with- ia) For the attachment of heads con- Ak R MA N& 045
ot plug welds Wex to pressure to shells not over %
in. (1& mm) requirsd thickness, only
with use of fillst weld on inside of
shell; or
if for attachment of heads having ALB HA NA 0,45
pressure on either side, to shells not
aver 24 in. (610 mm} inside diameter
and not over Y in. (e mm) required
5 thickness with fillet weld on outside of
B head flange anly
(7} Carner joirts, full penetration, As limited by Fig. WW-13.2 and Fig o EIF HA NA H&
partial penetration, andior fil- Uw-18.1
let welded
i) Angle joints Design per U-2(g) for Category B and E.C&D MA N& h&
. joints
NOTES:

(1) The single factor shown for each combination of joint category and degres of radiographic examination replaces both the stress reduction

tactor and the joint efficiency factor considerations previously used in this Division.
(21 See UW-12(a) and U'W-51.
i3] Ses UW-12(h} and UW-s2,
(4) Joints attaching hemispherical heads to shells are excluded.
i5) E = 1.0 for butt jaints in compression.
ia) For Type No. 4 Cateqory © joint, limitation not applicable for bolted flange conrections.

i7) There is no joint efficiency £ in the design formulas of this Division for Categary © and [ corner joimts. When nesded, a value of £ not greater than 1.00 may = used.
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ol ol )Section VIl Div.1 Table UW-12

TYPES OF WELDED JOINTS )é J‘ a”" o . s‘ o>
JOINT EFFICIENCY, E & P &
TYPES When the Joint: )lss ‘;WBS ‘SJISMR
CODE UW-12 Ful.l;r b. c.
Radio- Spot Not
graphed Examined Examined
1 Butt joints as attained by
double-welding or by other
means which will obtain
) e ple e ]
W7 | Timmamae | e | oss | om
= weld surface.
Backing strip if used
shall be removed after

completion of weld.

2
m Sh@e—:eld:kd butt joint
with backing strip
R~ glaci i
ter weldi
Foe circuss ferential % e
14

Single-welded butt joint
without use of backing — — 0.60
strip

Double-full
% fillet lap joint = = i
ST | Lok
lap joint N
with plug welds - 030

Single full fillet lap joint

without - - 0.45
plug welds |
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Special Service Requirements
UW-2(8) som JLow®

Jol5 355 by &t o JUai1-

ST o5 g (s oY ed 6l (2l -

UW-2(b) sy (sllos b (51,2 0 540"

009;.0.7;0 JL@J' LSLb))'b_

'>9'w &) UCS a Lo TR RE 7 ‘5‘)"_

UW-2(C) 155 35T 3 sl slaeo®

uégm JL@| ‘5'-“})0—

6;UT nS 9 S oY g8 ol p -

o & g Sleigz 517 ee (6, o5 -

UW-2(d) i s 51,5 b 1o ym0 50 loie 45z jLoka®

ST 059 (2 )5 sBoYed 6l (218 (-
sl w8 mbaw clod Joleo WL Blos  o1b  cloo-
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Section VIII Div.1 Design

UW-2 Service Restriction
(aolo]) gouww JLw®

S o 1 aST jRoigd (5)gi y LVee sl DULEJLail (sl po...00bly (oo Jbow gizmn (3l0 S1(@)—
g 69 UW-11(a)(4) JUW-2(a)(3) ¢ UW-2(a)(2)
0,5 (205 i b Wigl sl LT o b ()T slaoYgd b as Jjle-
oolistwl y95 pd oz b G S oz 5l plgf (o0d (oo Jlw sgizmo (3360 ,oUCD-25UCI-2 31—
Sy
13,5 ooliil w5 ol a(UW-3) JLait gl glgil 51 ()
ol UW-12 Jous (1 )oyleuis £45 31 aubCategory A Jlail gbai,o
Al (ML) ol £45 3l wbCategories B&C Jlail glaj o
JsCi sub wb fabricated lap joint stub ends s,lg yo Category C Jlasl slajys sloie
2ol UW-13.5
el Al o5 3o wbCategory D Jlail gy slose
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Section VIII Div.1 Design

UW-2 Service Restriction
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Sl S pas sl gl



b uled )’ : Co. .
Hatmme IS action VI Division 1
dodo™
Sec. VIl Div.1 b o
OB 5l S gmno—
Sec. VIII Div.1 gy cxi odguzxo—

dlgo

> b"

(MDMT) 38 >1,b slos J5la> s(MAWP) jlxo 5,15 ,Lid S Tas—
ol @i diub 9 Be=r glgil Jlail sl yo-

Jlw ol byl o

Openings-



sy Section VIl Div.1 Design

OGN & Enoneering Consulant

UG-36 Opening & Reinforcments

PAET UG — GENERAL EEQUIREMENTS Fig. U371

GEMERAL MOTE:
Includes consideration of these sreas if
Sn/Sy < 1.0 [both sides of §)

}
2.50 or I.Ern+ 'e i

Use smaller value

h, 2,51, 2.51; 1
LUse smallest value i

1

far limits of
reinforcement

}-—durﬂ‘ +r +r- T dorR +r_+t
. I':{ n . an

' SEE——

e larger value | Use larger walue

For nozzle wall inserted through the vessel wall —hl-l— For nozzie wall abutting the vessel wall

Without Reinforcing Element
= A =dt F+2e e FI1-14) Area required
=dlEq t-Fe ) —2t, (Eqt-Frh (1 =7.4]
= e+t lEqt = Ft ) — 2t (Eqt - Frd il - fiy)

Area gvailable in shell; use larger value

7N
00N

= Agd = 5lty-ty) frat Area avallable in nozzle projecting outward; use
= bifg -t} 'rz*n smaller value

= Ag = Sltife Araa available in inward nozzle: use smallest valug
= 5ty

2htifen
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OGN & Enoneering Consulant

UG-36 Opening & Reinforcments

A h. = Agq = outward nozzle weld = l:leg:lzlrr-___:r ) Area available in autward seeld
""qu F;V = Agan = inward nozzle weld = fleg)? fra Area available in inward weld
|f.l"-'i-| +A2‘|‘.-q3 "'-‘"’-d1 *Adﬂ = A Opening is adeguately reinforced
A +Ag +Ag+8,,+A,5 < A Opening is notl adeguately reinforced so

reinforcing elements must be added
andfor thicknesses must be increased

With Reinforcing Element Added

A = garmea as A, abowvea Area required
A4 = same as A4, above Area available
A {" Slty — tenlfrat Area availabyle in nozzle projecting outward ;
2 =20, — t,,) (250, + 1 )f, o wse smaller area
A = same as A5, above Araa available in inward nozzle
ﬁ [EL =  Ag4q = outward nozzle weld - [llag??ﬁ.:; Area available in outward weld
Aﬂ =  Ago = outer elemant weld = I:1a-g:|?fr4 Area available in outer weld
ﬂ E’ = Ayg = inward nozzle weld = 1Iegjzf,.~;r Area available in inward weld
= Ag = fﬂp —d — 2t,) t, f_ g4 LNote (1]] Area available im element
Ay + A4 Aq ¢ A, tAgatAgqtAg A Opaning (s adegquately reinforced

NOTE:
(1) This formula is applicable for a rectangular cross-sectional element that falls within the limits of reinforcement

FIG. UG-27.1 NOMENCLATURE AMND FORMULAS FOR REINFORCED OPENIMGS
{This Figure Illustrates a Common MNozzle Conhguration and Is Mot
Intended to Prohibit Other Confgurations Permitted by the Codel)
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UG-36 Opening & Reinforcments

Backing strip if used may be removed after welding

_?'--- - ; .:_-- "
) TS ) - e L e )
- - B H . )g - .
LET [a - 1) 3 | | Fps
——
Full Pemnet ratvon Weld W2 o, MRE, ta 12 tmim, - 3
With Integral Beinforcement (
[Ses UW-16 (e} and Nots (11] [ -2l

Separate Reinforcement Flates Sddied  [Ses LIW-16 (el 2)]

— fa |-..—

—————y !

e
2

e,

Backing strig il
ik} usad may ks (ch (el
removed alter welding

leh

Full Penatration Welds 1o Which Separate Reinforcement Plates May be Added [See UW-16 (c) (2} and Mote [11]

Aores followy on last pags of this Figure

FIG. UW-16.1 SOME ACCEPTAELE TYPES OF WELDED NOZZLES AMD OTHER CONMECTIONS TO SHELLS,
HEADS, ETC.



