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PD 5845
Amendment No. 1, published Z1 June, 1566
to B.S. 1515 : Part 1 : 1965

Fusion welded pressure vessels (advanced design and construction)
for use in the chemical, petroleum and allied industries

Part 1 : Carbon and ferritic alloy steels

Revision

SECTION TWO : MATERIALS AND . .
DESIGN STRESSES :

Table 1. Permissible materials. In the third column,
“ Specification’, the second group, ‘ Forgings’, delete
 B.S. 1501-240 * and substitute * B.S. 1503-240 .

SECTION THREE : DESIGN

Subclause 3.4.2.4. Cylindrical vessels under combined load-
ings. In the list of symbols after the definition for ¢, insert:
‘1, = actual shell thickness at time of test (including
corrosion allowance, if any) inches.’

Delete the paragraph beginning ‘ The requirements
are . . .” and ending with equation 94, and substitute the
followmg

‘ The requirements are that at design conditions:

o Zf a)

o, (tensile) < f (96)

K34 l.’,'ﬁ".&i»ui'mh ig{(gqgm(gssiye)-éo’-l?_s&("i;:'-) ‘(9¢)

3 o/
and at test conditions (see 5.5.2.1):

< I3, ¥d)

o, (tensile) 21-3f, (9e)

o, (compressive) £0'125E, < 7’)1) ©f)’

o

After the paragraph beginning ‘ In all cases each . .
insert the following new paragraph:

¢ Values of o,, o, and = should be determined for each
combination of loading during operation and test.’

Subclause 3.5.4. Symbels. In the definition of J, deletc
¢ havmg an fhig/D, ratio glcatcn than 0-25 (see Subclause
3.1.3)* and substitute ‘ not having 4 stralght flange ",
Df‘lete as shown in Figs. {0a, 106 and 10¢.” and substitute
“ with a straight flange as shown by the full lines in Figs.
10«, 106 and 10c¢.”

Price 4/-
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Figure lla. Conc/cvlmder with knuckle Delele the

- just below. the rI e

Subclause 3.8.5.1. General. In the second paragraph, delete
the sentence beginning ‘ In no casc shall . . .’ and ending
. in the shell or end.’.

Table 6. Matcrial for bolts and nuts for pressures-exceeding
250 Ibf/in? or temperatures exceeding 230°C. In the column
headed, *Reference’, delete both occurrences of *B.S.
1750, Pt. 3” and substitute * B.S. 1769 °. Delcte ‘ Gr. 5°
and substitute ‘ Gr. BS’. Delete the first occurrence of
‘Gr. 6° and substitute * Gr. B6°. Delete ‘ Gr. B’ and
substitute  Gr. 3 °.

Subclause 3.11.2.3. Skirt support. In Reference (ii) of
footnote i, delete *J. N. Ind. (ASME) May 1963, page
219." aud substitute ‘. Trans. ASME J. Engg for Ind.,
page 219 (May 1963).

SECTION FOUR : MANUFACTURE AND
WORKMANSHIP

Subclause 4.3.3.1. General. In the third paragraph, delete
* 38 and substitute * 37",

SECTION FIVE : INSPECTION AND TESTS

Subclause 5.2.2.6. Insert an “ *° at the end of the first
sentence and add the following footnote: * * B.S. 3971,
‘ Image quality indicators for radiography and recom-
mendations for their use’.”

Subclause 5.2.3. Assessment of radiographs. Delete the “ *
in the text and the appropriate footnote, and substitute

“‘-f’
a .

Subclause 5.5.2.1. Vessels-subject to m(crna!pr(ssure Inthe
tms' sentence, dclctc 7’ ’ dﬂd sub%muteﬁ dcklc not
less than . - b

hts
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APPENDIX A

STRESSES FROM LOCAL LOADS ON, AND
THERMAL GRADIENTS IN, PRESSURE VESSELS

A3.1.2. Notation. In the list of symbols, after C,, insert
the following:

C, in axial length of loading area for an external
longitudinal moment (sec Fig. 63).

C, in circumferential length of loading area for an
external circumferential moment (see Fig. 62).

Figure 48. Longitudinal moment per inch width. In the upper
left figure, in the definition of M,, deletc ‘ circumferential ’
and substitute * longitudinal °.

A3.2.2.1. Variation of stress round the k:ircumfercnqe. In

the paragraph beginning ‘ Consider a radial line . . .’, in .
the last sentence, after the word * angle * insert “ ¢; *. .In.

the paragraph beginning ¢ Line loads, . . ., in step 1, delete
‘Ng/W or N,/W> and substitute ¢ Not/W or N,t/W’. In
step 2, delete “ 0-5° and substitute ‘ 0-55°; delete “0-10°
and substitute ¢ 0-01°. In step 3, delete * + Z* and sub-
stitute * — Z°.

A3.2.2.2. Variation of stress along the cylinder. In the para-
graph beginning ‘ For a load distributed . . .’, after ‘ and

50°, add: *, iie. in the ratio: Y2iuc for actual G/,

value for C,/C, = 0

In the example, delete * M4/W = 0-054.” and substitute
* My/W = 0-054 at x/C, = 4." Delete ‘ C4/C, = 0," and
substitute * C,/C, = 0; 64r/1(C,/r)? = 90; 2C,/L = 0-05;°

Figure 61. Graphs for finding the square 2C; X 2C, equiva-
lent to a rectangular loading area 2C, X 2Cy. In graph
(a), delete  C,/Cy * and substitute ¢ C,/Cy .

A32.3.1, A3.2.3.2, A3.3, A3.3.1, A3.3.2. Delete entirely
these subclauses, including the example, and substitute
the following:

‘ A3.3. External moments applied to cylindrical shells. Ex-
ternal moments can be applied to the shell of a vessel by
the pipework connected to a branch, by a load on a bracket,
or by the reaction at a bracket support.

For design purposes external moments are considered
as follows:

A3.3.1. Circumferential moments. A circumferential mo-
ment applied to a rectangular area Cy X 2Cy (see Fig. 62)

. . I-sM .
is resolved into two opposed loads + W = < acting
0

. C .

on rectangles of sides 2C; X 2C;, where Cy = ?9-, which
. 2Cy

are separated by a distance of - between centres. For

a round branch C4 = 1-7r, = 2C,.

A3.3.2. Longitudinal moments. Similarly a longitudinal
moment, applied to an area 2Cy X C, (sce Fig. 03) is re-
solved into two opposed loads + W = -‘%M acting on
z

rectangles of sides 2C4 X 2C, where C, = %, which are

2C,

z

separated by a distance of between centres. For a

round branch C, = 1-7r, = 2C;.

A3.3.3. Maximum stresses. The maximum stresses due (o
the moment occur at the outer edges of the actual loaded
area. The circumferential and longitudinal moments and
membrane forces are given by:

My =My — My,
My =My~ My,
Ny = Ngg — Ny,
Ny =Ny — Ny

The quantities with subscript 1 are equal to those for a
load W distributed over an area of 2C; X 2C, and are
found from Figs. 47, 48, 49 and 50.

Those with subscript 2 are equal to those due to a
similar load at a distance x = 5C, from the centre of the
loaded area for a longitudinal moment or at an angle of

¢, = 5%’ from the radius through the centre of the loaded

area for a circumferential moment. These can be neglected
if the value of K,, from Table 17, corresponding to the
value of 2C,/L for a longitudinal moment, or that of K,
corresponding to the value of 2C,/L for a circumferential
moment, is less than 5-0. Otherwise they are found as
follows:

. . . e X
For a longitudinal moment‘.:i(ix < 5, Y4 ’ RS

1. Take x/C, = 5-0 and obtain values for a radial linc
load from Figs” 545-52,=53%#@54. It may be necessary
to use different values of L, (see A3.2.1) for the two
resolved loads if the moment is distributed over an
area which is not small compared to its distance from
the nearer end of the vessel.

!\)

Correct these values for a total circumferential width
equal to 2C, as in the example in A3.2.2.2.
For a circumferential moment:

. Find the values at the edge of the loading arca
2C, > 2C, from Figs. 47, 48, 49 and 50.

Stli?,\ﬁ” «,\‘»5{

2. Enter the corresponding graph in Figs. 55,56;-57
or 58-at this value. The intercept on the curve for

¢

2C,/L gives a valuc of a

Y -z Documents
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3. The values for quantities with subscript 2 are then

4,
given by the ordinate for — ¢1 %g—" ~— Z from the
x X
same graph. A
i)

A3.3.4. Rotation due to external moments. It is sometimes
required to find the rotation of a branch or bracket due to
a moment applied to it. This is given approximately by

38, 38,
i == for a circumferential moment or i = —* for a

Co z
longitudinal moment, where &, is the deflection produced
1-5M or 1

Ce Cz

on an area of ZCS,, X 2C, as defined in Flg 62 or 63
. 8, is found from. Figs 59 and 60.

by one of the equivalent loads W = acting

EXAMPLE. A vessel is 8 ft 4 in diameter X 13 ft 4 in long
X % in thick.

Find the maximum stress due to a longitudinal moment
of 10 000 Ibf in applied to a branch 14 in diameter at the
midlength, and the slope of the branch.

Cy =C7=085 X 7==6in
1-5SM 1-5 x 10000
W =4 c. _:;:—6—;(-2—-—;1;12501&

W acts on an area 2Cy; X 2C,, where Cy =%=2in.
. G _6_ 2. G2 _ oaa
Forthlsarea.a—i—3,7——%—004,
EQE_ZXZ
L 160

= 0025

. r{Cy 2 ~
From Fig. 46, 64; - = 10.

The direct effect of each load W is found by interpolat-
ing for C4/Cy = 30 in the charts of Figs. 47, 48, 49 and
50 for 2C,/L = 0-025 which gives:

My W = 009; My,/W = 0:076; Nyyt/ W = — 0-155;
Ngt/W = — 0-14

The effect of one load at the outer edge of the other is
found by interpolating for 64r/t(C,/r)* = 10, x/Cy = 50
and 2C,/L = 0-025 in the charts of Figs. 55, 56 57 and 58,
for a radial line load, and multiplying the results by a
correction factor for the circumferential width of the load
as in A3.2.2.2.

The values interpolated from Figs. 55 to 58, denoted
by subscript 3, are:

Mys/W = 0-065; M,/ W = 0-012; Nyt/ W = + 0-025;

Nt/ W = — 0-085.

Full document details: BS 1515-1:1965

Quantity ColCy =0 Fig.

Correction factor
Values for . value for Cd,IC =3

™ value for ¢ Cd,IC =0

Mys 0-09

. S 0353
= 0-255 a7 555

My 016 8 0076 _ 475
w * 016

Nost 418 s T _ga
W - 018

N 017 50 - 014 0-824
w : —-017 .

W = 4 0:065 x 0-353 = 0-023

’\%3’ = + 0025 x 0-861 = 00215
= + 0012 x 0-475 = 0005
N_‘;;’ = — 0085 x 0824 = — 0-070
M, = W(A;[;‘ - Af;) = 1250 (0-09 — 0:023)

= 1250 X 0-067 = 83-7 Ibf infin;

M. M,
M, =W X x 1250 (0-076 — 0-005
. ( Ly Mo ) ( 7

1250 x 0-0703 = 87-9 Ibf in/in;
N, = Z(ﬁ’&‘ - ’_\%_2’)
! w w

= 1—23)( 0-155 — 0-0215)

= 2500 % - 0-1765 == -— 441 lbf/in;

N, — W( al -A&!) =120 014 + 007)

w w 05
= 2500 x - 007 = - 175 Ibf/in
*. Maximum hoop stress = f; = —2 M,
441 6 x 83- 7

S 0 035 — 882 4- 2010
*. Maximum hoop compressive stress = -—2892 1bf/in?;

Maximum hoop tensile stress =-{-1128 Ibf/in?;

Maximum longitudinal stress —]%/5 + -6%&4

7-
= 5755 48 3285 P 3504 2110,
Documents
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Maximum longitudinal compressive stress whence 8.Er/W = 17 000
= — 2460 Ibf/in®; 1-7 % 10* X 1250

Maximum longitudinal tensile stress Lo =- 29 X 10% X 50
= + 1760 Ibf/in>.

== 0014 in;

.35,

Slope due to moment. For this area C4/C, = 3, and from and from A3.3.4, the slope i = C,
Fig. 61b, the half side of the equivalent square C; 3 x 0014
= 2:8C, = 56 in. —3x 0014

In Fig. 59b, C\fr = 5-6/50 = 0-112;
Lir = 160/50 = 3-2;
rlt = 50/0-5 = 100;

== 0-0035 radians.’

Documents
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A4.3.2. Saddie supports. In the Note, delcte the word
‘ratio ’ and substitute ‘ ratios .

A4.3.2.1. Longitudinal bending moments and stresses in fhe
vessel shell. In equation 34, immediatcly after the equal
sign, insert a minus sign.

To the paragraph following equation 34, add: ¢ The
moment M, may be positive in vessels of large diameter
with supports near the ends because of the effect of hydro-
static pressure (see Fig. 80).’

Fig. 80. Cylindrical shell acting as beam over supports.
Delete the figure and the equations below it and substitute
the following:

Full document details: BS 1515-1:1965

L/, L/, . )
LOAD UNIT LENGTH=| 2w,
. . . Tab.
) - ~
A N
o\
HYDROSTATIC © oy
LOADS ON auos\\ P
- \ l !
Ty ! |
2w, I P LT A% /‘
L+4b Lt4b l /
3 3 |
1/
[ I_Jl i
A uwt Wa A
(@) LOADS &| REACTIONS
L}
1
1 1
3
T~ | " sl
1
W M4 M4 \/
Y Y
‘ Positive values of M, are obtained for the following
forms and proportions:
Flat ends Alr <0-707
Ends with 10 per cent knuckle radius A/r <0-44
Semi-ellipsoidal ends 2 : 1 ratio Alr <0-363
M is always negative for hemispherical eads.”
Documents
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A4.3.2.4. Tangential shearing stresses. Below Table 19,
delete the sentence: < Where f, is the nominal stress in the
end calculated as in Clause 3.5 and substitute: ¢ Where

pPDK,
fo =52

3 in which K is the shape factor from Fig. 9.’

A4.3.2.6. For a shell not stiffened by rings. On the same line
with equation 45, as a preface to it, insert ‘ at the lowest
point of the cross section’. In equation 47, delete * C,’
and substitute * C;”. In the second paragraph following
Table 20, between *exceed’ and ‘ the allowable ’, insert
“1-25 times °.

AS5.1.2. Notation. Between ‘f.° and ‘f;,’, insert a new
quantity: * £’ 1bf/in® value of f; for an imperfect
shell.” Delete the definition of ‘ m* and substitute:  ratio
of circumferential and axial wave lengtiis.” In the definition
of N, delete the word * half*. Delcte ¢ H, * and substitute
cw . . )

AS5.1.3: The unevenness factor for impetfect cylinders. In the
first line after equation 48, delete ‘ @ * and substitute ‘a, ’. -

In the next line delete “ half ’. Delete the fourth and fifth
lines after equation 48, and substitute * ratio of the circum-
ferential and axial lengths of the waves formed by buck-

L]

ling.’. Delete equation 49 and substitute: ¢ m = 1—:; ; .In

the paragraph immediately preceding equation 50, delete
‘a’ and substitute ‘ a, .

AS.2.1. Initial development. Insert, as the title of Table 22,
‘ Comparisen of modes of failure °. Delete the last line of
the table and substitute the following:

kyr? t

0001 92
; <gss T 2002

! _
7> 65V BE r Tk

Figure 90. Delete * k, —Lv+ and substitute * ks =[j%_ ),
¢ c

AS.3. Stability of conical sheils. In the title of AS.3.1, delete
‘ compressoin’ and substitute ‘ compression’. In the

equation for W, delete ‘v’ and substitute ¢ v2°. Delete
r

2t

L)

“ For a cone this is equal to —-.” and substitute: ¢ For a

.. r
complete cone this is equal to T for a frustrum of radii
r; and r,,
r (rn+ry)
t 2t

The unevenness factor U is found as in AS5.1.3, by taking
I = slant height of the cone or frustrum.’

APPENDIX B
B2.2. In equation 51, delete the ‘2 in the denominator
and substitute ‘< 1-8 .

B2.4. In the last line, delete “ 2 and substitute * 1-8°. _

APPENDIX C
Notes to Table 24. In Note 4, delete the second occurrence
of ‘-213.30’ and substitute < -213.32".

APPENDIX E

Figure 96. Set-in branches. In the line immediately above
the caption, delete “ bead * and substitute * bevel °.

Figure 98. Set-in branches. In figures ¢ and b, delete * 14’
and substitute ¥ .

Figure 108. Fillet welded stadded connections. In figure c,
delete ¢ 60°° and substitute € 30°°,

APPENDIX G & =,
Table 28. In the last section, for 2% per cent Cr 1 per cent
Mo steel, delete the last column of figures, ‘4 600°, and
substitute ‘3 500 °. In the line for steel pipe to B.S. 3604,
CD 622 N & T, delete “ 15000 ° and substitute ‘ 18 000 °.

Documents
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PD 6270

Amendment No. 2, published 24 November 1967

to BS 1515 : Part 1 :

1965

Fusion welded pressure vessels (advanced design and construction)

for use in chemical, petroleum and allied industries

Part 1. Carbon and ferritic alloy steels

REVISION

Title. On the cover, the title page and above the foreword, delete from the title:
‘(ADVANCED DESIGN AND CONSTRUCTION) .

Page 2. Add the following to the list of British Standards:

Methods of testing vulcanized rubber.

BS 903..
a '+ Part A7. Detérmination of hardeners
- BS970. .

' - engineering purposes.

BS 1750. Bolting for the petroleum industry.

Wrought steels in the form of bars bxllets and forgings, up to 6in rnlmg sectxon for automobxle and gencra]

BS 1806. Dimensions of toroidal sealing rings (* O * seals and their housings).
Delete the title of BS 1500, and substitute * Fusion welded pressure vessels for general purposes. Part 1, Carbon and low

alloy steels.’

Delete the title of BS 2633, and substitute ‘ Class 1 arc welding of ferritic steel pipework for carrying fluids.’
Foreword. Delete the title of BS 1500 and substitute ¢ < Fusion welded pressure vessels for general purposes’, Part 1, ‘ Carbon

and low alloy steels *°

SECTION ONE: GENERAL

1.1 Delete the title of BS 1500, and substituie * * Fusion
welded pressure vessels for gemeral purposes’, Part |,
* Carbon and low alloy steels *’

In the fifth paragraph delete °vessels

incorporating

multiple openings in line such as to involve ligament
efficiency as a factor in shell design thickness calculations
(see Section Three D of BS 1500, Part 1) °.

-

SECTION THREE: DESIGN

3.4.1. Insert the following new subclause:

‘3.4.1.4. Where a shell is drilled with multiple holes the
ligament efficiency shall be determined in accordance
with BS 1113.*’

Insert the following footnote:
boilers *.’

‘BS 1113, ¢ Water-tube

Fig. 9. On the abscissa delete ‘0-01° and substitute
‘0-10°.

3.7.2. Delete completely the list of symbols and substitute
the following:

‘t = minimum calculated thickness of end plate (in

- inches) exclusive of any corrosion allowance

(see 3.2.2.) anywhere within the gasket diameter.

f; = minimum calculated thickness of end plate (in

inches) exclusive of any corrosion allowance

(see 3.2.2.) anywhere within the outside diameter.

Price 70p
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Gr 6

p = design pressure in 1bf/in®.
= diameter of the plate (in inches) as indicated in
Fig. 12.

G = diameter of location of gasket reaction (in
inches) (see 3.10).

W = design bolt load (Ibf) for bolting up condition.

hg = radial distance from gasket load reaction to bolt
circle diameter (in inches).

[ = design stress in 1bf/in* from Clause 2.2.

K = a constant which depends upon the method of
attachment to shell and as given in Fig. 12.’

3.7.3. Delete equation (14) and substitute the following:

‘for Fig. 12a,bandc t = D v

Kf (14a)

for Fig. 12dand e = GJ%} (14b)

orny = [IOWhs
bocuments
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Fig. 12 d and e. Delete these figures and substitute the following:

d.
G hg k—
t, 4
l . ! ¥ _ 1
< 15 Wag X b5
LJ [0 30+ HXG
where
Wm, = minimum required b»it
load for operating con-
ditions in 1bf.
e G >l e H = Total hydraulic force
'l Ibf.
J ‘ (F (For explanation of notation
t see 3.10.4)
¢ Z
- -}
1‘.
Documents
2 Document Sharing Hub
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New clause. Insert the following new clause immediately
after the text of 3.7.4.

3.7A SPHERICALLY DOMED AND BOLTED ENDS
CONFORMING TO FIG. 12A

3.7A.1. General. Except as specified below for bolted ends
conforming to Fig. 12A, conical and domed and bolted
ends shall be designed by treating the domed end and
the bolted flange as two separate components in com-
pliance with the relevant sections of this standard

l/2»1
{
Full fe(4r8)
penetration Point of
weld ~ H, action (/-—'
X / c
s A
R
r 1 1 A
i
4 A: Shown as welded
A Smooth weld
. . \both sides
Ce.ntroid - - ‘/zB i

Use any suitable type of gasket
Fig. 12A. Spherically domed and bolted end

The method of determining the thickness of the flange
ring involves assessing the final thickness in order to arrive
at the location of the centroid and hence the value of A,
and is thus a * trial and error * calculation

For the purposes of the calculations in 3.7A.2 and
3.7A.3 the following symbols apply:

B, = angle between tangenr to domed crown section
at its edge and a plane parallel to flange face.
a = axial distance from the mid-surface of the crown

section at edge to the back face of the flange
ring, inches (governed by weld dimensions).

K, = bolt pitch correction factor =
A/ bolt spacing T
2 (bolt dia.)
T = minimum calculated flange ring thickness,
inches, exclusive of corrosion allowance (see
3.2.2).

Ty, = flange thickness required for operating condi-
tion, inches.

H, = radial component of the membrane force
developed in the spherical crown section,
acting at the edge, 1b.

h, = axial distance from the mid-surface of the
crown section at edge to the centroid of the
flange ring cross section, inches.

R, = inside radius of curvature of spherical crown
section (inches) in the fully corroded condition.
fc = minimum calculated thickness of spherical

crown section, inches, exclusive of corrosion
allowance (see 3.2.2).

f = nominal design stress for the material of the
spherical crown section at the design tempera-
ture.

J = joint factor.

For definition of other symbols, see 3.10.4.

3.7A.2. Subject to internal pressure (concave to pressure).

3.7A.2.1. Crown section. The minimum thickness of the
spherlcal crown section shall be :
= 51”R1 ) R
Y A

3.7A.2.2. Flange ring. The bolting area required, the bolt
loads and the gasket width check shall be calculated as
specified in 3.10.

3.7A.2.3. Flange ring thickness. The minimum thickness
of the flange ring T shall be the greater of T, or Tys as
determined below but shall be not less than twice the
crown thickness, i.e. T> 2¢..

(1) Operating condition:

T, = F + VE T, ®
 pBVAREF — B
where F = 8————————SFO( 4B
;. MyK(d + B)
°  BSgo(4 — B)

Mop = Hphp + Hcghs + Htht + Hh,

H, = Hpcotf,

h, = 05T (assumed) — a
NOTE. The product H:hr may be negative if the sense of this moment
is opposite to the moments Hpkp, Hchc and HTAT.

(2) Bolting up condition:

Tra = flange thickness required for bolting-up condi- Tox — J Ky(A + B)Mam ©
tion, inches. rA (A — B)BSga
Documents
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3.10. Delete this clause completel y, and delete Figs. 18 to
27 and Tables 6 to 9, and substitute the foIIO\\mw:

3.10. Boited flanged conaections.
3.10.1. General.

3.10.1.1. The rules in this clause apply spécifically to the
design of bolted flanged connections and are to be used in
con)uncuon with the applicable requirements of this
standard.

These rules provide only for hydrostatic end loads and
gasket sedtmg Where suitable, flanges conformmg to the
appropriate British Standard slmll be used and in such
cases the calculations required by this section need not be
carried out.

3.10.1.2. The design of a flange involves the selection of
the gasket (material, type, and dimensions), flange facing,
bolting, hub proportions, flange width, flange thickness.
(See Note to 3.10.5.) Flange dimensions shall be such
that the stresses in the flange, calculated in accordance
with 3.10.7, do not excced the values specified in 3.10.8.
All calculations shall be made on dimensions in the corroded
condition.

3.10.1.3. Hub flanges shali not be ma.ac b) machmmn

the hub duecﬂy from plate niaterials “except sub|ect 10 ;

special-approval by the purchaser. ~

3.10.1.4. The thickness of flanges shall be dclurmmed as
the greater required either by the operating or by the
bolting up conditions and in all cases both conditions
shall be calculated in accordance with the following:

(1) Operating conditions. The operating conditions are
the conditions required to resist the hydrostatic end force
of the design pressure tending to part the joint, and to

naintain on the gasket or Jomt -contact surface sufficient
compression to assure a tight joint, all at the design
temperature. The minimum load is a function of the design
pressure, the gasket material, and the effective gasket or
contact area to be kept tight under pressure (cquduon (D)
in 3.10.5), and deter;mms one of the two requirements
for the amount of the bolting, A,,,. This load is also used
for the design of the flange (equation (F) in 3.10.5)

(2) Bolting-up conditions. The bolting-up conditions
are the conditions existing when the gasket or joint-
contact surface is scated by applying an initial load with
the bolts when assembling the joint, at atmospheric
temperature and pressurc The minimum initial load
considered to be adequate for proper seating is a function
of the gasket material, and the effective gasket or contact
area to be scated (equation (D) in 3.10.5) and deterinines
the other of the two requirements for the amount of
bolting, Am Yor the cesign of the flange, this load is
modified {equatien (G) in 3.10.5), to take account of the
operating conditions, when these govern the amount of
bolting required, 4, as well as the amount of bolting
actually provided. A,,.

Hons
spu.xal consideration
cedom from leakage™.

3.10.1.5. The following rules are based upen considerat
of strength. In unusual circumstances
may be required in order to ensure {t

3.10.2. Bolrs, studs and nuss. 1t is reccommended that bolts

and studs have a nominal diameter of not less than V4 inch
(12 mm). I bolts or studs smaller than ¥4 mch (12 mm)
are usced, bolting material shall be of alloy steel. Pre-
cautions shall be taken to avoid over- -stressing smaller

* Reference. Murray, N. W. and Swart, D. G. * Behaviour of

large taper hub flanges . Symposiunt on pressure vessel researc
towards better design. Inst. of Mech. FE. 1961,

4
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diameter bolts Bolts and studs shall not have a thread of
courser prich dan S il (3 mm) exeept by special approval
by the purchaser.

3.10.3. Clussificuiion of flunges. For design purposes,
flanged fuaing shall come under one of the following
caicgories:

(h Narrow-faced flanges. These are flanges where
all the fuce contact area lics inside the circle enclosed
by the bolt hojes. They may be of the gasketed type or
hase face-ta-face joints or a combination of both with
or witiout @ seal weld. The design rules for such flanges
are given biclow,

£2v Wide-faced flanges. These are flanges with face
contecl arca outside the circle enclosed by the bolt
holes. The design rules for these flanges are not in-
cluded fsee 3.10.1).

3.10.4. Flunges subject to internal pressure. (Narrow faced
flanges.)
The ﬂ;mgc design methods outlined in this subclause,

together with 3.10.5, 3.10.6, 3.10.7 and 3.10.8 are applicable

) urLuLtr flunges uader internal pressure.
The notation’ described below is used in’ the formulae
for d“ ‘-owr of ﬂmgxs (see also Flg 18)

A = side diameter of flange or, where slotted
nl >s extend to the outmde of the flange, the
diameter to the bottom of the slots, inches.

Ay = actual total cross-sectional area of bolts at
root of thread or section of least diameter
under stress. square inches.

A. - total required cross-sectional area of bolts,
taken as the greater of Ay, and 4p,,, square
inches.

Ay = towl cross-sec xoml area of bolts at root of
thread or secrion of least diameter under stress,
reguired for the operating conditions, square
inches, = ,,:S..

A.: = ol cross-sectional area of bolts at root of
thread or section of least diameter under stress,
required for gasket seating, square inches
= 1 0/S,-

R = inside diameter of flange, inches.

¢y - beltpitch correction factor

i Sl
/" bolt spac spacmg
/ 2{bolt dmxmtex) +

5 eifective gasket or 1om[-contdct -surface seating
“ \hh\ inches (see Note, 3.10. S).

e cffcetive pusket or joint-contact surface pres-
sure widthy inches (see Note, 3.10.3).

. seating  width, inches (from

( ~oli-cirele dinmeter, inches.

d = factor, for integral- typc flanges

—— 2
d = _l7h°g° y
{or foose-type flanges
¢ jacior, for integral-type flanges

F

e = -

*'Documents
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for loose-type flanges

N = width, inchcs, used to determine the basic

F gasket scating width b,, based upon the
e = -~ possible contact width of the gasket (see
ho Table 8A).
F = factor for integral-type flanges (from Fig. 20). P == design pressure, 1bf/in2.
F. = factor for loose-type flanges (from Fig. 22). R == radial distance from bolt circle to point of
. - connection of hub and back of flange, inches
f = hub stress-correction factor for integral flanges (integral and hub flanges)
from Fig. 24 (when greater than 1 this is the CS: 1‘; £5)
ratio of the stress in the small end of hub to =t — g
the stress in the large end); (for values below 2
limit of figure use [ := 1). S, = nominal bolt stress at atmospheric tempera-
G = diameter at location of gasket load reaction. ture, 1bf/in® (sce Table 6).
Except as noted in sketch (1) of Fig. 18, G is Sy, = nominal bolt stress at design temperature,
defined as follows (see Table §A): Ibf/in® (sec Table 2).
when b, < inch, G = mean diameter of Sga = nominal design stress for flange material at
gasket contact face, inches; atmospheric temperature (gasket seating con-
when b >14 inch, G = outside diameter ditions) 1bljin® from Table 2*.
of gasket contact face less 2b, inches. Sro = nominal design stresses for flange material at
£o = thickness of hub at small end, inches. design  temperature  (operating  condition)
. . Ibf/in? from Table 2*.
g = thickness of hub at back of flange, inches. S ) .
. Sy = calculated longitudinal stress in hub, Ibf/in?.
H = total hydrostatic end force, pounds : ‘ ) oo
K = 0-785G2P. : . Sp = calculated ra(_ital-stress in flange, 1bf/in®.
‘Hp = hydrosté(ic'en'd force on area inside of ﬁar;gc, St = calculated tangential stress in flange, 1bf in%
pounds = 0-785BP. T = factor involving K (from Fig. 19).
Hg = gasket load (difference between flange design r = flange thickness, inches.
bolt load and total hydrostatic end forqe), U = factor involving K (from Fig. 19).
pounds Hg = Wy, — H = H,, for operating v _ . Al .,
condition, Hg = W for gasket seating con- factor for integral-type flanges (from‘ Fig. 21).
dition. VL = factor for loose-type flanges (from Fig. 23).
H, = total joint-contact-surface compression load, W = flange desigr{ bolt load, for the operating con-
pounds = 2b X 3-14 GmP. ditions or gasket seating, as may apply, pounds
) (see 3.10.5.3).
Hy = difference between total hydrostatic end force W = mininn ired bolt load for th .
and the hydrostatic end force on area inside of mr mmu'n.{m requirec bolt 1oad for the operating
flange, pounds = H — Hp conditions, Ibf (see 3.10.5).
h - hubble,nOth inches W,,. = minimum required bolt load for gasket seat-
o e - ) ing, Ibf (see 3.10.5).
hp = r?‘d'lal dxstar;]qel fr;)_;n th‘: bolt mrcle,.go dtt}c % == width, in inches, used to determine the basic
glrlc(:)c6 on }‘1” Ich Hp acts, as prescribed 1n gasket scating width b,, based upon the con-
-10.0, 1nches. tact width between the flange facing and the
hg = radial distance from gasket load reaction to gasket (sec Table 8A).
the bolt circle, inches Y = factor involving K (from Fig. 19).
= €= G. v == gasket or joint-contact-surface unit seating
2 load, Ibf/in? (see Note to 3.10).
h, = +/Bg, inches. Z = factor involving K (from Fig. 19).
= i i fi I i - :
hr Z?r(illil c?rleti/nhciih r?;]; ta:;s b::;t ;:22;;: d tlilﬁ 3.10.4.1. Loose-type flanges. This t.ype covers.those demgns
3.10.6. inches where the method of attachment is not considered to give
U ' the mechanical strength equivalent of integral attachment.
K = ratio of outside diameter of flange to inside See Fig. 18 (1), (2), (3) and (4) for typical loose-type flanges
diameter of flange = A/B. and the location of the loads and moments. Welds and
] s other details of construction shall satisfy the dimensional
A — factor — [le : Ly o } requirements given in Fig. 18 (2), (3) and (4).
M xS 3.10.4.2. Integral-type flanges. This type covers designs of
M, = The greater of M, or atm 7 OFO such a nature that the flange and nozzle neck, vessel, or
© P FA pipe wall is considered to be the equivalent of an integral
M,,, = total moment acting upon the flange for pasket structure. In welded construction, the nozzle neck, vessel,
wn seating cond.itions,gin;l)b. & gaske or pipe wall is considered to act as a hub. See Fig. 18 (5),
op = total moment zlxcling on the flange for operating * The above definitions are based on the assumption that the
conditions, in/Ib. material for the flange ring and neck are not significantly different
m — gaskc! factor, obtain from Table 7 (see Note in their appropriate mechanical properties. If they are different

to 3.10.5).

cither the lower values should be used or special consideration given
to the design.
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(6), (6a), (6b) and (7) for typical integral-type flanges and
the location of the loads and moments. Welds and other
details of construction shall satisfy the dimensional re-
quirements given in Fig. 18 (5), (6), (6a), (6b) and (7).

3.10.4.3. Optional-type flanges. This type covers designs
where the attachment of the flange to the nozzle neck,
vessel, or pipe wall is such that the assembly is considered
to act as a unit, which shall be calculated as an integral
flange, except that for simplicity the designer may calculate

the construction as a loosc-typc flange provided none of
the following values is exceeded :

B
go = % inch (16 mm); - = 300; P == 300 1bf/in®
S0 (21 kgf/ecm?)

operating temperature = 700°F; sec Fig 18 (8), (8qa), (8b)
and (9) for typical optional-type flanges. Welds and other
details of construction shall satisfy the dimensional require-
ments given in Fig. 18 (8), (8a), (8b) and (9).

LOOSE-TYPE FLANGES

Loadings and dimensions not shown arc the same as sketch (2)

Gasket |—t—efu—5 Gasket\ =t —4—nh
1 w 1 \\ W t
A \ - 4 - n
h ;A % A A ’/:9{5 ‘jx t
1 1 — ¢ Hs 1 & Lol Al <
Ht Hy E— \1 | g ¢ f
{ % ! SRR A 7 'l b \( \(
G AN Hy Vo6 v L — ¥ TR
N ° 8 5 °
0-7 ¢ in.
To be taken at mid-point of Riveted or screwed flange with or . me)
contact between flange and without hub — t, + Yain (max)
lap independent of gasket @) 3)
location
(1) )
{ A
'/2 ¢t (max) G-7¢, (min)
For hub tapers 6° or
less use 9, =9,
4)
Fig. 18. Classification of flanges for calculation purposes
Documents
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INTEGRAL-TYPE FLANGES

Gasket [~ ¢ AlS 9, (mij,,) 5 9% (nin)
g h
Gasket ?
R A, C € werd
Af w o I } \ r R C|‘ 6a)[
L b - r 1 A \ W
K L - Slo
e 4° G.‘ { pe
b i O JLA) IJ'_*{'(B)
H o 1 ~ max
rG ‘\ /'/r HD7: ‘
t "o | g '
2 95 &% %
) Where hub slope adjacent to
tlange exceeds 13 use details
(65) or (66) (6b)
(6)
Gasket f—t— —A
\
,! o \ ——| w
N N R
h*r A ¢ g% R onC
‘ G A, 4

m/f
HD
711
2

0-25 g, but not less than Ya in,

the minimum for either leg. This

weld may be machined to a

corner radius as permitted

in detail (5) in which case

9 =%

Q)]
OPTIONAL-TYPE FLANGES
These may be calculated as either loose- or integral-type (see 3.10.4.1 and 3.10.4.2)
Loading and dimensions not shown are the same as (2) for loose-type flanges or (7) for integral-type

Y

ty (i) : -

—L'n= gO
T

(tn’ yAiﬁ.)
max—
0.7¢, t, (min.) but not
(min) less than Y4in
®)

6

Z

o
— L(n (min.)

(8a)

H=9,

Ye in

P\

: 1%
L ty (min)

(8d)

Full document details: BS 1515-1:1965

- {

U‘b\\(
¢

Full penetration "

and backchip

)
NOTE. Fillet radius r to be at least 0-25¢g,, but not less than 34 in (4-5 mm).

Raised, tongue-groove, male and female, and ring joint facings shall be in excess of the required minimum flange thickne]
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3.10.5. Bolt loads.

3.10.5.1. The minimum cross section of the bolting
provided shall be adequate

(1) to prevent leakage under the operating conditions
and

(2) to seat the gasket under the bolting-up condition.
(1) Operating condition. To retain a leak-tight joint
under pressure the minimum bolting required W,,,, shall be
H + H, (D)
where H{ = 0-785G*P for gasket flanges
and  H, == 6286GmP.

(2) Bolting-up condition. For gasket seating the mini-
mum bolt load required W,,, shall be

Wie = 3:146Gy (E)
3.10.5.2. The minimum required bolt area shall be adequate

to provide the greater of the bolt loads determined by
equations (D) and (E) above. This area shall be calculated

i.e. Ay, is the greater of A, or A4, (F)
where A, = W,.,/S,
and  A,, = ¥,,./S,

“The actual bolt areca provided (4;) shall be not less
than Ay, and, to prevent damage to the gasket during
bolting-up, shali not cxceed the value given by

6-28yGN
Ay = s, (&)
If it is not practicable to adjust the actual bolt area
to meet the latter requirement the whole procedure shall
be repeated with a suitably modified gasket.
NOTLE. Sec Tables 7 and 8 for suagested values of m. b and y.
The method used to tighten the bolts shall ensure that
the design bolt stresses arc attained.

3.10.5.3. Design bolt load W (flanges and bolted ends).
Loads used in the design of the flange shall be:
For operating condition W == W,

by using bolt stresses at the temperatures appropriate to For boltine up condition W = Am + Ay S

the two conditions; sl 2 &
Documents
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TABLE 7. GASKET MATERIALS AND CONTACT FACINGS
Gasket factors (m) for operating conditions and minimum design seating stress (y)

NOTE. This table gives a list of many commonly used gasket materials and contact facings with suggested design values of m and y that

havg gen;rally proved satisfactory in actual service when using effective gasket seating width & given in Table 8A. The design values and other
details given in this table are suggested only and are not mandatory.

-
i Min. Refer to Table 8A
Dimen- Gasket design
sion Gasket material factor Sez_tulsg aSl:letnc;lteess Use £
A m stres I se facing Use
(min.) ¥y sketch column
in Ibf/in* | kgf/cm?
Rubber without fabric or a high percentage of Q
asbestos fibre:
tBelow 75° BS and IRH 0-50 0 0
75° BS and IRH or higher 1-00 200 14
Asbestos with a suitable binder for the ;/Ze :Eiglﬁ g'(])g %% %ég /"‘4][.
operating conditions 14, thick 3.50 6500 457 [ Som—
Rubber with cotton fabric insertion 1-25 400 28 . 1(a, 4b,50, d)
3ply - | 225 | 2200 | 155 é ' :
II
Rubber with asbestos fabric insertion, i
IOE{;m with or without wire reinforcement 2ply 250 2900 204 ‘/
L-ply 275 | 3700 | 260 s
Vegetable fibre 175 | 1100 | 7 <o
[ Carbon 2-50 2900 204
Spiral-wound metal, asbestos filled Stainless or 3-00 4500% ] 316* W
monel
1(a, b)
Corrugated metal, asbestos | Soft aluminiumb ggo 2900 204
inserted Soft copper or brass -75 3700 260
or Iron or soft steel 3-00 4 500 316 (0'0%’
Corrugated metal, jacketed | Monel or 4-6 per cent| 3-25 5500 387
asbestos filled chrome W77 4
Stainless steels 3-50 6 500 457
* This value may vary for proprietary gaskets of this type.
1 See BS 903, ¢ Methods of testing vulcanized rubber ’, Part A7, ¢ Determination of hardness *.
Documents
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Gasket factors (m) for operating conditions and minimum design seating stress (y)

NOTE. This table gives a list of many commonly used gasket materials and contact facings with suggested dcsign val.ucs of m and y that
have generally proved satisfactory in actual service when using effective gasket seating width b given in Table 8A. The design values and other
details given in this table are suggested only and arc not mandatory.

Mio. Refer to Table 8A
Dimen- Gasket design ) o B
sion Gasket material factor | scating Sketches
N m stress and notes Use facing | Use
(min.) ; y sketch column
Soft aluminium 275 i 3700 gfl‘)g
Soft copper or brass 3-:00 , 4500 R
Corrugated metal Iron or soft steel 325 . 5500 387 ,%7 1(a, b, ¢, d)
Monel or 4-6 per centi 3-50 6 500 457 |
chrome : ‘
Stainless steels 375 , 7600 534 |
| i
|
Soft aluminium 325 | 5500 | 387 == It
o Soft copper or brass 3-50 6 500 457 i _—
" 34 in | Flat metal jacketed asbestos ‘| Iron or soft steel 375 i 7600 534 1a, 16 lct,
10 mm filled . Monel c 3-50 8000 | - 562 4” 1dt, 2t
- . 4-6 per cent chrome 375 | 9000 . :633 | --: R
Stainless steels 375°| "9000 633 —
Soft aluminium 3-25 5 500 387
Soft copper or brass 3-50 6 500 457
Grooved metal Iron or soft steel 3-75 7600 534 1(a, b, ¢, d)
Monel or 4-6 per cent W 3
chrome 375 9 000 633 N
Stainless steels 425 | 10100 710
Soft aluminiam 4-00 8 800 615
Soft copper or brass 4-75 | 13000 Q14
14 in | Solid flat metal Iron or soft steel 550 | 18000 | 1266 1(a, b, ¢, d)
6 mm Monel or 4-6 per cent Q 2,3,4,5
chrome 600 | 21800 | 1533
Stainless steels 6-50 | 26000 | 1828
|
!
2
Ring joint ; Iron or soft steel 550 | 18000 | 1266 =
(for dimensions sec BS 1560*) Monel or 4-6 per cent < // 6
chrome 6-00 | 21800 | 1533 P _
Stainless steels 6-50 | 26000 | 1828
Rubber O-rings:
Below 75° BS | a3 100 7 7 only 1
Between 75° and 85° BS and IRH [ et 210 15
Rubber square section rings: i
Below 75° BS and TRH 4+| 150 10 , gonly | I
Between 75° and 85° BS and IRH 9% 4001 28 n
Rubber T-section rings: i
Below 75° BS and IRH ! 41 150 10
Between 75° and 85° BS and IRH ! 9% 400t 28 9 only 1§
: |
* BS 1560, * Stcel pipe flanges and flanged fittings (nominal sizes 14 in to 24 in) for the petroleum industry .
t The surface of a gasket having a lap should not be against the nubbin.
1 These values have been calculated. DOCU m ents
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TABLE 8A. EFFECTIVE GASKET WIDTH

Facing sketch

Basic gasket seating width b,

(exaggerated)
Column I Column II
la N
! N !
N I 7. ya LALLLL |
SN\ 3
7777777 A 7777777777 N N
2 2
lb‘ N |
ZL%‘ LUK LA
SNNNN NN\
e M g
i L,
| Ll L L
R o\ Wwan
AL s
N
w+T (w+ N w4+ T (w+ N
Lo W 5 ( 3 max.) 5" ( 3 max.)
M‘“’ gt }
[ANNNY wIn
IPX077X77 !
N T
2 W 2
L/ w :— N w -;-SN
— N
1/6‘ iln [N W< /2
(0-4 mm) (e L
nubbin N
3 14 i
Jeain j—_]__.__/ N i -, lﬁmin.) w:— N; (%’ymin.)
e SO
7/ ’ : x
N i
4e :
w w
TTA77 7777
L i
5 i
ANN\N | N N
7Y 7 i 4 8
N !

® Where serrations do not exceed Y44 1n (0-4 mm) depth and Y4, in (0-8 mm) width spacing, sketches 16 and 1d shall be Bbcuments
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TABLE 8A. EFFECTIVE GASKET WIDTH (continued)

Basic gasket seating width b,

Facing sketch
(exaggerated)
Column I Column I

iy
N

7 N}ZZ/ :
LLL Z —

S Vs

ol T

e

BS 1806* O-ring groove depth modified to give 14 BS
O-ring nip. Side of square = cross-section diameter of
corresponding BS O-ring.

0% \)
2

I
4

Special groove dimensions and protrusion required.

TABLE 8B. LOCATION OF GASKET LOAD REACTION

HG
Gt hG—--1 6‘4‘

O.D. contact —] ¢
face b
—— Gasket NOTE. The gasket factors
face 1 listed only apply to flanged
W joints in which the gasket
is contained entirely within
. the inner edges of the bolt
/ ! holes.
/
J
For b,> /4 in /

(6:3 mm) (6-3 mm)

Effective gasket seating width b = b,, when b, = 4 inch, (6:3 mm)

and . = 14 inch, (6:3 mm)

* BS 1806, * Dimensions of toroidal scaling rings (* O * scals and their housings)’ .
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3.10.6. Flange moments. Flange moments shall be calcu-

lated for both the operating condition and the bolting-up
condition.

3.10.6.1. Operating condition. The total flange moment is
given by equation (H).

Mop = Hphp 4+ Htht + Hshg (H)
where Hp = 0-7858%P
Hy = H— Hp

Hg = H,

and hp, ht and hg are obtained from Table 9.

TABLE 9. MOMENT ARMS FOR FLANGE
LOADS UNDER OPERATING CONDITIONS

hp ht hG

Integral type flanges (see
Figs. 18 (), (6), (6a), R+05¢, | R+g+hs C—C
(65), (1), (8), (8a), (8b) TR T
and (9)) . . R

‘Loose type except lap |

joint flanges (see Figs.181 € — B~ . :

(2), (3), (4) ) and optional 3 2 Ty
type flanges (sce Figs. 18
(8), (8a), (8b) and (9) )

Lap joint flanges (sce
Fig. 18 (1)) 5 - B

3.10.6.2. Bolting-up condition. The total flange moment is
given by equation (J).

M amm Wh G 0 )

(A + Ap)S,

where W = .. . (see 3.10.5.3)

2
and hG=C;G.

3,!0.7. Flange stresses. Flange stresses shall be deter-
mined fqr the more severe of the oparating or the bolting-
up condition so that ; )

Mo = M,,
Sk whichever is I -
or Mg = S‘I'QAfatm cver is larger.
FA
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(1) For integral type flanges and hub-type flanges:

Longitudinal hub stress Sy = /\g;_ (K)

Radial flange stress Sy == 21—3—}3:‘12‘—1“1 (L)

Tangential flange stress St == —l;éw — ZSgr (M)
where M = M%CF.

(2) For loose-type ring flanges (including optional
type calculated as loose ring type) having a rectangular
€ross section

YM
St o= - (N)
Sg =Sy =0
AMoC
h =
where M 5

3.10.8. Allowahle flange design stresses.

. 3.10.8.1. The flange design stresses as, calculated above,

shall not éxceed the following values:

S = 1'5Sro
SR = Sro
St = Sro

(S + Sr) == Sro
%(Sy + ST) = Sro

3.10.8.2. Weld shear siress. In the case of loose-type
flanges with taps, as shown in Fig. 18 (1) where the gasket
is so located thut the lap is subjected to shear, the shearing
stress shall not exceed 0-8 times Sro or Sga for gasket
seating and operating condition respectively for the
matesial of the lap, as defined in 3.10.4. In the case of
welded flanges, shown in Fig. 18 (3), (4), (D), (8)., (8a) and
(8h) where the nozzle neck, vessel or pipe wall extends
near to the flunge face and may form the gasket contact
face, the shearing stress carried by the welds shall not
exceed 0-8 times Sio or Sga for gasket seating and operat-
ing condition respectively. The shearing stress shall be
calculatad on the basis of Hy, or W, as defined in 3.10.4,
whichever is greater. Similar cases where flange parts are
subjected to shearing stress shall be poverned by the sume
requirements.

3.10.9. Otker types of flanges. Othier types of flanges may
be used by aercement between the purchaser and the
manufacturer.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-1515-1-1965
http://www.avadocuments.com/doc/bs-1515-1-1965

TABLE 9A. VALUES OF 7, Z, ¥ AND U (TERMS INVOLVING K)

A 7 V4 Y U A T Z Y U K T Z Y U
1-001 191 100u-50 189Y9-43 2078851 1-066 1-89 1567 30-17 33-17 § 1-131 1-87 8:16 1579 17-35
1-002 191 500-50 951-81 1052-80 ] 1-067 1-89 15-45 29-74 3269 § 1132 1-87 811 15-C8 17-24
1-003 191 333-83 637-56 T700-80 | 1-068 1-89 15-22 29-32 32-22 | 1-133 1-86 805 15-57 1711
1-004 191 250-50 478-04 525451 1069 1-89 15-02 2891 3179} 1134 186 799 1546 16-G9
1-005 191 200-50 383-67 421-72 | 1-070 1-89 14-80 28:51 31-34 § 1-135 1-86 7-94 15-36 16-90
1-006 191 167-17 319-71 35142 | 1-071 1-89 14-61 28:13 3092 § 1-136 186 7-88 1526 1677
1:007 191 143-36 274-11 301-30 | 1-072 1-89 1441 27-76 3051 } 1137 1-86 7-83 1515 16-65
1008 191 12550 239-95 263751 1073 1-89 14-22 27-39 30-11 | 1138 1-86 7-78 15-05 16-54
1-009 191 111-61 213-40 23442 1 1-074 188 14-04 27-04 29-72 1 1-1139 1-86 713 14-95 16-43
1-010 191 10050 19219 211-191 1075 188 13-85 26-69 29-34 | 1-140 1-86 7-68 14-86 16-35
1-011 191 91-41 174-83 19213 ] 1.076 1-88 13-68 26-36 2898 | 1141 1-86 7-62 1476 16-22
1012 191 83-84 160-38 17625 | 1-077 1-88 13-56 26-03 286G | 1-142 1-86 T-57 14-66 16:11
1-013 191 77-43 148-06 162-81 § 1-078 1-88 13-35 2572 282711143 186 T7-53 14-57 16-01
1014 191 71-93 137-69 151-30 | 1-079 1-88 13-18 2540 279211144 186 7-48 14-48 1591
1015 191 67-17 128-61 141-33 | 1-080 1-88 13-02 25-10 27-59 11145 186 7-43 14-39 15-83
1-016 190 63-00 120-56 132449 | 1-081 1-88 12-87 24-81 2727 | 1-146 1-86 7-38 1429 1571
1-017 190 59-33 11163 124-81 } 1-082 1-88 12-72 24-52 269511147 186 7-34 1420 15-61
1-018 1-90 56-C6 107-36 11800 | 1-083 1-88 12-57 24-24 2665 § 1-148 1:86 7-29 14-12 1551
1019 19 53-14 101-72 111-78 | 1-084 1-88 12:43 24-00 26~$4 1149 1-86 7-25 14-03 1542. -
1020 190 5051 - 9673 106-30 § 1085 . 1-88 12~29~ 2369 26-05 ] 1150 1-86 720 11365 © 1534
1021 190 4812 9221 10,1-35, 1086 1-88. 12:15 23-44. 2557 § 1151 . 1-86- - 716 - -1386 - 15~25“ .

'1022°:-1'90  © 4596 88-04 967511087 188 1202 23-18 25-48 | 1:152 1-86° 711 13-77 15-14
1.023 190 43-98 84-30 9264 | 1-088 1-88 11-89 2293 2520 | 1153 1-86 7-07 13-69 15-05
1-024 190 42-17 80-81 88-81 | 1-089 1-88 11-76 22-68 2493 | 1-154 1-86 7-03 13-61 14-96
1-025 190 40-51 77-61 8529 | 1-090 1-88 11-63 22-44 2466 | 1-155 1-86 6-99 13-54 14-87
1026 130 38-97 74-70 82:09 1091 1-88 1152 22-22 2441 1 1-156 1-86 6-95 1345 14-78
1-027 190 37-54 71-97 7908 | 1-092 1-88 11-40 21-99 24-16 § 1-157 1-86 691 13-37 14-70
1-028 190 36-22 69-43 76-30 | 1-093 188 1128 21-76 2391 11158 186 6-87 13-30 14-61
1.0289 19 34-99 67-11 737511094 188 11:16 21-54 2367 11159 1-86 6-83 13-22 14-53
1030 190 33-84 6491 T1-33 11095 188 11-05 21-32 2344 | 1-160 1:86 6-79 13-15 14-45
1031 190 32:76 62-85 69:06 § 1-096 1-88 1094 21-11 2320 1 1-161 185 6-75 13-07 14-36
1-032 190 31-76 60-92 6694 | 1-097 1-88 10-83 20-91 2297 § 1-162 1-85 671 13-00 14-28
1033 190 30-81 59-11 63951 1-098 1-88 1073 20-71 2275 § 1-163 185 667 1292 14-20
1-034 190 29-92 5741 6308 | 1-099 1-88 10-62 20-51 22:39 11164 185 6-64 1285 14-12
1035 190 29-08 55-80 61-32 1 1300 1-88 10:52 20-31 2218 } 1165 185 6-60 12-78 14-04
1-:036 190 28-29 54-29 5966 | 1-101 1-88 1043 2015 22-12 11166 185 6-56 1271 1397
1-037 19 27-54 52-85 58:08 | 1-102 1-88 10-33 19-94 2192 | 1-167 1-85 6:53 12:64 13-89
1-038 190 26-83 51-50 5659 1 1-103 1.88 1023 19-76 2172 1 1-168 1-85 6:49 12:58 13-82
1-039 190 26-15 50-21 55-17 1 1104 1-88 1014 19-58 21-52 | 1-169 1:85 6-46 1251 13-74
1.040 190 25-51 438-97 53-82 | 1-105 1-88 10-05 19:38 21-30 } 1-170 1-85 6:42 1243 13-66
1.041 190 24-90 47-81 53-10§ 1-106 1-88 996 19:33 2114 | 1-171 185 6-39 12-:38 13-60
1.042 190 24-32 46-71 51-33 | 1-107 1-87 9-87 19-07 2096 | 1-172 1-85 6:35 12:31 1353
1043 190 23-77 45-64 5015 | 1-108 1-87 9-78 1890 20-77 § 1173 185 6-32 1225 13-46
1-044 190 2323 44-64 49-05 11109 1.87 970 18-74 20-59 | 1-174 1-85 6-29 12-18 13-39
1.045 19 22-74 43-69 48-02 | 11110 1-87 9-62 18-55 20-38 | 1-175 1:85 625 12-10 13-30
1.046 190 22-05 42-75 4699 | 1-111  1-87 9-54 18-42 2025 1176 185 6:22 12-06 1325
1.047 190 21-79 41-87 4603 | 1-112 1-87 9-46 18-27 2008 | 1-177 1:85 6-19 12-00 1318
1.048 190 21:35 41-02 45-09 | 1-113  1-87 39-38 18:13 1991 § 1178 185 6:16 11-93 13-11
1.049 190 20-92 40-21 44-21 § 1-114 187 9-30 17-97 1947511179 185 6-13 11.87 13-05
1.050 1.89 20:51 3943 43-34 } 1-115 187 922 17-81 1955} 1180 185 6-10 11-79 12-96
1.051 1-89 20-12 38-68 42-51 } 1-116 1-87 915 17-68 1943 1 1181 185 6-07 11-76 12-92
1.052 1-89 19-74 37-96 41-73 | 1-117 187 9-07 17-54 19-27 § 1-182 185 6-04 1170 12:86
1.053 189 19-38 3727 4096 § 1-118 1.87 900 17-40 19-12 11183 185 6:01 11-64 12:79
1.054 1-89 13-03 36-60 40231 1-119 1.87 894 1727 1898 ] 1-184 1-85 5-98 11-58 12-73
1-055 1-89 18-69 3596 39-64 | 11120 1-87 8:86 17-13 18-80 | 1-185 1-85 595 11-50 12:64
1.056 1-89 18-38 35-34 3884 | 1-121 1-87 879 17-00 18-68 § 1-186 1-85 592 11-47 12-61
1.057 1-89 18-06 3474 3819 | 1-122 1-87 872 16-87 1854 | 1187 185 5-89 11-42 12:54
1.058 1-89 17-76 3417 37-56 | 1-123 1-87 8-:66 16-74 1840 § 1-188 1-85 5-86 11-36 12:49
1-059 1-89 17-47 33-62 3695 | 1-124 1-87 8:59 16-62 1826 } 1-189 1-85 5-83 11-31 12-43
1-060 1.89 17-18 3364 36-:34 | 1-125 1-87 8-53 16-49 1811 | 1-190 1-84 5-81 11-26 12-37
1-061 1-89 16-91 32-55 3578 1 1-126 1-87 847 16-37 1799 1-191 1-84 578 11-20 12-31
1-062 1-89 16-64 32-:04 3521 | 1127 1-87 8-40 16-25 17-86 | 1-192 1-84 575 11-15 12:25
1-063 1-89 16-40 31-55 3468 | 1-128 1-87 8-34 16-14 17-73 1 1-193 1-84 573 11-10 12-20
1-064 1-89 16-15 31-08 3417 | 1129 1-87 828 16-02 17-60 | 1-194 1-84 570 11-05 12-14
1-065 1-89 15-90 30-61 33-65 | 1-130 1-87 8-22 15-91 17-48 { 1-195 1-84 567 11-00 12-08
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TABLE 9A. VALUES OF T, Z, Y AND (' (TERMS INVOLVING K) (continued)

K T VA Y U K T V4 Y u K T z Y U
1196 1-84 565 10-95 12:03 | 1261 181 -3 851 9-35 § 1-326 1-79 3-64 7-03 773
1197 1-84 562 10-90 1197 | 1-262  1-81 437 339 9-32 f 1-327  1-79 363 7-01 771
1-.198  1-84 5-60 10-85 1192 | 1263 181 36 845 923 § 1-328  1-78 3-62 7-00 769
1199  1-84 557 10-80 11-87 | 1-264 181 <35 842 9251 1-329  1-78 361 6-98 7-67
1200 1-84 555 10-75 11-.81 ] 1265 181 533 8-39 923 1 1-330 178 3-60 6-96 7-65
1.201 1-84 5-52 10-70 1176 | 1-266 181 532 8-37 919 1331 178 3-59 6-94 763
1.202 1-84 550 10-65 1171 § 1267 181 +-30 834 9161 1-822 178 3-58 6-92 7-61
1.203  1-84 547 10-61 11-66 | 1-268 1-81 229 831 914§ 1333 1-78 3-57 691 7-59
1204 1-84 545 10-56 11-61 | 1-269 181 28 829 911 | 1-334  1.78 3-57 6-89 7-57
1.205 1-84 542 10-52 1156 § 1270 1.8l 326 8:26 908 | 1335 178 3-56 6-87 7-55
1.206 1-84 540 10-47 11-51 § 1271 181 8:23 9:05 § 1336 1-78 3-55 6-85 7-53
1.207 1-84 5-38 10-43 11-46 | 1-272 181 8-21 902} 1-337  1-78 3-54 6-84 7-51
1208 1-84 5-35 10-38 1141 § 1-273  1-81 818 849911338 178 3-53 6-82 7-50
1209  1-84 533 10-34 11-36 | 1-274 181 8-15 896§ 1-:389  1.78 3-52 6-81 748
1210 1-84 531 10-30 1132 1 1-275 181 813 89311310 178 3-51 6-79 7-46
1211 183 529 10-25 1127 } 1276 181 <18 811 89111341 1-78 351 6-77 7-44
1212 183 527 10-21 1122 | 1-277 181 =17 8:08 888 | 1-342 1-78 3-50 6-76 7-42
1213 183 524 10-16 11-17 11278 181 416 8-05 8-85 ] 1343 178 3-49 6-74 741
1214 183 522 10-12 11-12 § 1-279 181, 415 8-03 88211344 178 3-48 6-72 7-39

© 1215 183 520 . 1009 11:09 | 1-280  1-81 313 801 87911345 178 3477 671 S 731
‘1216 183 ° 518 10-04 1103|1281 181 4-12 7:98 87711346 178 - 346 . 669 735
L1217 183+ 516 - -10:00 - 10994 1282 1.8} 411 7-96 874 1'1:347° 178 - 346.." 668 - 733
1218 -1-83 514 996 1094 | 1-283  1-80 +10 7-93 8711 1-348  1-78 3-45 6-66 7-32
1.219 183 512 9-92 10-90 | 1-284 1-80 4-08 791 86911349 1-78 3-44 665 7-30
1220 183 510 9-89 10-87 | 1-285 1-80 =07 7-89 866 | 1-350 1-78 3-43 6-63 7-28
1221 183 507 9-84 10-81 | 1-286 1-80 4-06 7-86 864 | 1351 1.78 3-42 661 727
1.222 183 505 9-80 1077 § 1-287  1-80 3-05 7-84 8611352 1-78 3-42 6-60 725
1223 183 503 9-76 10731 1-288 1-80 3-04 7-81 859 1 1353  1-77 341 6-58 723
1.224 183 5-01 9-72 10-68 § 1-289  1-80 3-02 7-79 856 | 1-354 177 3-40 6-57 7-21
1225 183 5-00 9-69 10-65§ 1290 1-80 3-01 777 853 | 1-355 177 3-39 6-55 719
1.226 183 498 965 1060 | 1291  1-80 400 775 8-51 | 1-356 1-77 3-38 6-53 717
1.227 1.83 4-96 9-61 10-56 | 1-292  1-80 3-99 772 848 | 1-357 177 3-38 6-52 7-16
1228 183 4-94 9-57 1052 § 1293 1-80 3-98 770 846 | 1-358  1-77 3-37 6-50 714
1.229 183 4-92 9-53 1048 | 1294 1-80 397 7-68 8-43 1 1-359  1-77 3-36 6-49 712
1230 1-83 4-90 9-50 1044 | 1295 130 3-95 7-66 84111360 177 3-35 6-47 711
1231 1-83 4-88 946 1040 § 1296  1-80 594 7-63 2391361 177 3-35 6-45 7-09
1232 183 4-86 9-43 10-36 § 1297 180 393 761 8:36 | 1-362  1-77 3-34 6-44 7-08
1.233 183 4-84 9-39 10-32 | 1-298  1-80 392 7-59 83311363 177 3-33 6-42 7-06
1.23¢ 183 4-83 9-36 1023 | 1298 1-80 391 7-57 8-31 4 1-364 1-77 3-32 6-41 704
1235 183 4-81 9-32 1021 ] 1-300 1-80 3-90 7-55 829§ 1-:365 177 3-32 6-39 7-03
1.236 1-82 4-79 9-29 10-20 § 1-301  1-80 3-89 7-53 82711366 177 3-31 6-38 7-01
1.237 182 4-77 9:25 10-17 | 1-302  1-80 3-83 7-50 8-2% } 1-367 1-77 3-30 6-37 7-00
1.238  1-82 4-76 9-22 10-13 § 1-303  1-80 3-87 7-48 82211368 177 3-30 6-35 6-98
1239 1-82 4-74 918 10-09 } 1-304 180 3-cb 7-46 820 | 1-369  1-77 3-29 6-34 6-97
1240 1-82 472 915 1005 } 1-305 1-80 3-84 7-44 818 | 1-370 17 3-28 6-32 695
1241 1.82 4-70 912 10-02 | 1-306  1-80 5-83 7-42 816 { 1-371  1-77 327 6-31 693
1242 182 4-69 9-08 998 § 1-307 180 3-82 7-40 813 | 1-372 177 3-27 6-30 6-91
1.243  1.82 4-67 9-05 995} 1308 173 3-81 7-38 811§ 1-3713  1.77 326 628 6:90
1244 1.82 4-65 2-02 g¢l | 1308 1-7¢ 3-80 7-36 809} 13719 177 325 6-27 6-89
1245 182 4-64 8-99 987 | 1-310 179 379 7-34 807§ 1-3715 177 3-25 6-25 6-87
1.246 1-82 4-62 8-95 9-84 | 1-311 179 378 7-32 805§ 1-316  1-77 3-24 6-24 6-86
1.247 1.82 4-60 892 9-81 § 1312 179 377 7-30 802 ) 1-377 1.7 323 6-22 6-84
1248 1.82 4-59 8-89 97711313 179 316 728 8:00 } 1-378  1.76 322 6-21 6-82
1249 182 4-57 8-86 974 1 1-.314 179 375 726 798 | 1379 176 3-22 6-19 6-81
1250 1-82 4-56 8:83 970 } 1-315 179 374 724 796 {1380 176 321 6-18 6-80
1251 1-82 4-54 8-80 967 | 1-316 1-79 313 7-22 794 { 1-381 176 3-20 6-17 6-79
1252 1-82 4-52 877 964 | 1-317 179 372 7-20 79211382 176 3-20 6-16 6-77
1253  1-82 4-51 874 9-60 | 1-318 1-79 3171 7-18 78911383 176 3-19 614 6:75
1254 1.82 4-49 871 9:57  1-318 179 370 716 787§ 1384 17 3-18 6-13 6-74
1255 1-82 448 868 9-54 | 1-320 179 3-69 7-14 78511385 176 3-18 6-12 673
1256 1-82 4-46 865 951 § 1-321 179 368 7-12 783 11386 176 3-117 611 672
1257 182 4-45 8:62 947 1 1.322 179 SE7 7-10 7811387 176 316 610 6-70
1258 181 4-43 8:59 944 | 1-323 179 567 7-09 77911388 176 3-16 6-08 6-68
1259 181 4-42 8-56 941 | 1-324 179 366 7-07 777 § 1389 176 3-15 6-07 6-67
1260 181 4-40 8:53 938 | 1-325 179 3-65 7-05 7751 1:39% 176 315 6-06 6-66
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SUGGESTED WORKING FORM

INTEGRAL-TYPE FLANGE TYPE
Bcs1gn pressure P 1bffin? Cif b = bo ' N
e e  Gasket details ' bo<¥% in | b —
Design temperature °F e (6-3mm)  %° ¢
Flange material - Facmg details ifb=0 5\/bo
TS P T — B - Type: ' bo>1% in '*—“
Bolting matenal Gaskct o.d.: - _,l_ B 3 3‘mm) |y
Corr. allowance e in o sz = 3] 14bGy = o im | -
Allowable | Designtemp. : So . [Ibfjin*i Hp = 628bGmP =
bolt stress | Atm. temp. | Sa | Ibffinz. H = 0-785G*P =  Hp + H =
A1 N : I T Wm Hy + H
Allowabl - D . _ : Hp _
ﬂanogv;a € | Design temp._i S0 | Ibf/in? | Am s, So -
stress Atm. temp. ' SFa ! _Ibffin®| Av = o L - B
W= 05(dm + A)Ss =
All dimensions are shown in . Wy = Hp + = )
the corroded condition , Gasket width | . Ab X Sa
| check | Nmin = 5080,G
OPERATING CONDITION
Hp = 0-785B%P = 4_ﬂ7§_/‘19_‘= R + 0'5¢g, = ___( Hphp = - o
Hg = Hp = hg = 05(C — G) = "Hohg =
Hr = H — Hp — | hr = O-5(R + g, + hg) = - Hthr = o _
i "Mop =
BOLTING UP CONDITION
Hg = W = | hg = 0-5(C — G) = .- Matm = Hghg =
— SFo _ i __ /bolt spacing _ ' Mo x Cg _
Mo greater Of Mop or Maun X = SF ‘ CF = Jm = <1 M B =
SHAPE CONSTANTS
_ H
ho = \/Bgo = ‘ h_l =
_ R o
%, &
. — .- K== e =
L. . (T = iFrom |F =
h=15 g min. - i‘_ = i Fig.20 |
W h = ’g' .i-)’;_ T From o
1 ! #) Table11] Y= Fig 2 ’
= hD 1 | U = e = —=
} Coom | |\ : ho )
a =Y g =
Bolts, dia.,_—1 A s | A, v - _
on PCD. ki « | f(assumed) i o B
""/76 - G= o _'_'——:tﬁej-ﬁ;lﬂxh ) e
Az B =3 te+ 1
e B i
Y =7 :
——
5 =5 |
Allowable | STRESS CALCULATION YRy Y e
T T T — —— . S - ‘ _— — _ e o
1-5 Spo = ‘ Longitudinal hub stress, Sy = %
_ _ i- At Y e, I _
SFo = [ Radial flange stress, SR = f::/[
SFo = ; Tangentlal ﬂange stress, ST = A;I;Y — ZSr
Sro = sy

* G = (o.d. of contact face) — 2b.

| | Greater of 0-5(Su_+ Sr) or r 0 -5(Su + ST) B

' Mts
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LOOSE-TYPE FLANGE DESIGN

Design pressure P Ibf/in? ! ifh = bo | N
: e e oo Gasket details bo< ¥ in |5 —
Design temperature ; °F (6:3 mm) bo ;
Flange material " Facing details if b = 0-54/bo! b
: : “o o immeme—— - o Type: bo>Y in |
Bolting material i . Gasket o.d.: o (8-3 n‘;m) y .
Corr. allowance _in_ . Wmy, =314Gy = m |
Allowable | Design temp. g Sb Ibf/in®* Hp = 6-286GmP = . o L
bolt stress | Atm. temp. | Sa Ibffin> H = 0-785G*P = Hy + H =
; T T W, He +H h
Allowable : ! : = m2 L =
flange Design temp. ' Sro ~ Ibffin?, Am = greater Of_ S T s
stress Atm. temp. | Spa Ibf/in?. 4v = o e
W =05dAm + Ab)Sa = e o
All dimensions are shown in ' Wmy = Hp + H = )
the corroded condition Gasket width Ao X Sa
check : Naun = 6-284yG
OPERATING CONDITION
Hp = 0-785B%P =  hp=05C—-B)= Hphp = e
Ho=Hp= = he=05C—-0G)= __Hohg = R
Hr =H—Hp= __ iht =05kp + hg) = i Hthr = S
' i Mop =
BOLTING UP CONDITION
Ho=W= {hg =05(C — G) = ' Mam = Hchg =
_ Sro _ ‘ _ [bolt spacing Mo x C¢
M, = greater of Mop or Matm X Sra = Cr = JZ——_(bolt dia) +1° 1| M= B =
SHAPE CONSTANTS
: A
i = x5~
- Bolts Y =
- L [xM
{ Sro
- =
- C=
- A=
REMARKS:
Jam
)
1 ;=
—— =
—~—C=
---A"'
* G = (o.d. of contact face) — 2b. -
Documents
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New clause. Insert the following new clause immediately
after the text of 3.11.4.3.

3.12. Flat tube plates.

3.12.1. The types of tube plate indicated in Figs. 25a to ¢
represent forms of construction commonly encountered
in shell and tube heat exchanger design.

3.12.2. Typical forms of connections are given in Appendix
3.12.3. Symbols used in design. The following symbols

and values are used in the design procedurc for determining
the tube plate thickness;

A = cross-sectional area of bore of shell
D%, |
= in2.
a = cross-sectional area of metal in one tube, in®.
B = cross-sectional area of shell plate
=x (D + 0 tins
C = cross-sectional area of tube holes in the tube
plate
_ nwd? in?
=7 X
D = bore of cylindrical shell, inches.
D, = diameter of the largest inscribed circle which

can be drawn within an unpierced portion of
the tube plate, inches.

d = outside diameter of tubes, inches.

o
I

modulus of elasticity for shell, 1b/in®.

E, = modulus of elasticity of tubes, Ib/in”

f = design stress, Ib/in®

g; _ non-dimensional functions of k. (See Figs. 264,

G, b and ¢.)

h = thickness of the tube plate, excluding corrosion
allowance, inches.

k = non-dimensional factor dzpendent upon heat
exchanger dimensions. (See 3.12.5(2).)

L = effective length of a tube, inches.

n = number of tubes.

P, = radial stress in tube plate, lbf/in®.

P, = longitudinal stress in tubes, 1bf/inZ.

P = equivalent pressure difference

na .
=p1 — P — P2 - Clbf_/mz.

P, = effective pressuredifference duc to the combined
pressure difference p and the differential
expansion y

Ena .
=p 4+ v - lbffin®.
Pyt

Py

o =L
EB
t = thickness of shell, inches.
a, = coefficient of linear expansion of shell per
degC.
a; = coefficient of linear expansion of tt.e tube per
degC.
¥ = total differential strain
at(gl - 01-) - as(gs - gr)
y A4-C
A
w = ligament efficiency assumed equal to
0-4 for single-pass heat exchangers,
0-5 for two-pass heat exchangers,
0-6 for four-pass heat exchangers
in the absence of an authoritative alternative.
n = deflection efficiency assumed equal to  in the
absence of an authoritative alternative.
6, = mean metal temperature of the shell, °C.
f, = mean metal temperature of the tubes, °C.
6, = assembly temperature, °C.
na
P =i=<¢
p =p—pll +B)

Po =P1*P2<1 +B+TQ> +/8}’Et'

pe =p +ByE.

3.12.4. Minimum tube pitch. The centre lines of tubes,
measured at the tube plate, shall not be closer together
than 1-25d.

3.12.5. Thickness of tube plates. A summary of the design
formulae to be used for determining the thickness of tube
plates is given in Table 9B. These are not suitable for
direct determination and a process of trial and error must
be followed, the procedure for which is as follows:

(1) Assume a likely value for the plate thickness, /.

Where the tubes are roller-expanded into the tube
plate, the thickness of the plate must be sufficient to ensure
an adequate grip between the tubes and plate. A plate
thickness of not less than d/2 and not more than d is likely

pr = gauge pressure outside tubes, 1bf/in® to be requirejd for this purpose. . ‘
p. = gauge pressure inside tubes, Ibf/in® (2) Obtain the value of & fr(ﬂequatlon ®)
Py = maximum pressure difference which can occur Kt — 132 2 na ®)
across tube plate in service, 1bf/in®. h Al 9Lh
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Fig. 25. Heat exchangers
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Fig. 25¢ Hair-pin type

Fig. 25. Heat exchangers (continued)

Documents
Document Shasing Hub

Full document details: BS 1515-1:1965


http://www.avadocuments.com/doc/bs-1515-1-1965
http://www.avadocuments.com/doc/bs-1515-1-1965

Y

0

6-0 110 480

+H

BREES B

1

(Clamped

R

T

13>0 40 |

Clamped

ISR

L

ISBEEENES

i0:0 e

20

20

T
ITERE N

IBESSE

‘0 60

6O

T

&40 50

T

Simply supported)

340

20

o

-0

1

o

[Funus

4

| Gl

1

¢

atues for

v

ig. 26a.

I

Documents

Document Sharing Hub

26

Full document details: BS 1515-1:1965


http://www.avadocuments.com/doc/bs-1515-1-1965
http://www.avadocuments.com/doc/bs-1515-1-1965

+

)
5, |w

4+

dl

Fig. 26b. Values for G,

Documents
Document Shafing Hub

Full document details: BS 1515-1:1965


http://www.avadocuments.com/doc/bs-1515-1-1965
http://www.avadocuments.com/doc/bs-1515-1-1965

1

9

®

T

o 10 20 30 4

>0 50 6

1
{0 8C 20 10O 10 (2:0 13O (40 |50 0 ITO 18O 190,300
2

28

Full document details: BS 1515-1:1965

Fig. 26¢. Values for G,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-1515-1-1965
http://www.avadocuments.com/doc/bs-1515-1-1965

(3) From Figs. 26a, b and ¢ obtain the values of G,,
G, G, using the following criteria to decide the type of
support which is applicable:

Plate held in joint which
effectively prevents angular

deflection at the periphery: clamped support.

Narrow joint face or trapped

ring: simple support.
Wide gasket joint inside bolt
holes, or full-faced joint
across flange attached to a
thin walled shell: half-way between
simple and
clamped support.

(4) Using the appropriate formulae in Table 9B
determine the values of P, max. and P, max.

(5) Depending upon the magnitudes of the values
obtained for P, max. and P, max. as compared with the
design stresses given in Table 2, choose where necessary

another value of / to bring one of the values of P, max.
and P, max. close to, but neither exceeding, the design
stress permitted.

(6) Add the appropriate corrosion allowance to the
value obtained for /.

(7) The thickness of tube plates, calculated by the
above method, will always be adequatc but may sometimes
be greater than necessary because of the simplified nature
of the design calculations.

Where appropriate, and by agreement between the
manufacturer, purchaser and inspection authority, more
detailed analyses may be used. Such analyses may include:

a. a correction for the effect of Poisson’s ratio.

b. consideration of the elastic restraint imposed by
the shell, where no shell expansion device is fitted.

c. allowance for the edge moments resulting from
flange bolting.

and d. the effect of thermal gradients, which can be
particularly important with thick tube plates.
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3.12.6. Thickness of non-uniformly pierced tube plates. Tube plates in which the tubes are not spaced uniformly over

their whole area may contain unpierced portions of appreciable extent deriving no support from the tube bundle. The
thickness of such a tube plate shall be not less than:

Pd
D\/Ef— ' (18)

TABLE 9B. SUMMARY OF DESIGN FORMULA FOR HEAT EXCHANGER TUBE PLATES

Pr max. P, max.
Type of heat Value may be either positive or Positive value denotes tensile
exchanger negative depending upon the side stress Design conditions to consider
of the tube plate to which the Negative value denotes compressive
stress applies stress
Box* 2 ; 1 [ _ PG5
‘T—Z\LA <2> Either b Q + G, Simultaneous values of p,, p, and y which
#GI(Q + GO\ & - may occur in service giving rise to the
l 1 [. pbGe highest numerical value of pb.
or = — -
, B _p Q0+ Gy
Floating head _ . ither £ | , — PL=P2)Gs
P = P2 2) Eithe: , A Simultaneous values of p, and p, which may
4uG, h - occur in service giving rise to the highest
1 (py — P2)Gs numerical value of p, — p,.
or =|p——
. B L A
i
Gland p. [D\? | Either ! [p + B’f(?}} The highest value of p, which may occur in
LT i B pA service.
4uG, \ h !
A 1 . P2Ge
! or ﬂ [p T x
i
Hair-pin 0:309(py — pa) (D)* (simply |
© k| supported) (p, — p)C | Simultancous values of p; and p, which may
. LT T T T P i occur in service giving rise to the highest
. _ . numerical value of p;, — p,.
015750 =292 campe) Lo
I h
L

* Where the stresses on either the tube plate or the tubes are excessive, the form of shell construction shown in Fig. 256 may be adopted but
the design must be the subject of agreement between the purchaser and the manufacturer.

REFERENCES
K. A. G. Miller. The design of tube plates in heat exchangers. Proc. 1. Mech. E. 1952 pp 215-231.
K. A. Gardiner. Heat exchanger tubc sheet design. Journal of Applied Mechanics Vol 15—1948 p 377.
J. P. Dunean. The structural efficiency of tube plates for heat exchangers. Proc. I. Mech. E. 1955 pp 789-802 and p 810.
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4.3.1.4. Dcletc the title of BS 2633, and subsuiute
‘¢ CldSS I arc wcldm;J of ferrtic steel pipework for cariving
fluids *; > add ‘set in branches, when used, shall bc
subjected to the same inspcction procedure.’

4.4.2. In the second sentence delete *do ™ and substitute

may .

4.4.2.1. Dclete the second scntence and substitute * Where
this method is used the portion cutside the furnace shall
be shielded so that the longitudinal temperature gradient
is such that the distancce between the peak and half peak
temperatures is not less than 2:5 \ R (R inturnal
radius (inches), 7 == sheil thickness (inches) )’

4.4.2.2. Delete the third sentence and subsutute * The
weld metal and heat aflected zones shall be heated to the
heat treatment temperatures given in 4.4.3.1 and Tabie 14
The disposition of the hcating elements and insulation
shall be such as to obtain a temperaturce profile which is
approximately symmetrical about the centre line of the
weld and circumferentially uniforin. The longitudinal
temperaturc gradient shall be such  that the luwtn of
cylinder on each sidc of the weld at a temperuture of
not less than half the heat-treatment temperuture shall be
greater than 25 \'Rr. Thermocouples shall be applicd at
not less than three sections in order to check the peak
and half peak temperatures (sce Note and 4.4.3.1 ¢ and 4).

NOTE. The use of a total heated band width of 57 R and a total
insulated band width of 10+/Rr will usually ensure that the half
peak temperature occurs at a distance of not less than 2:5v &7 from
the centre of the weld.”

4.4.2.3. Delete the text of this subclause and subsutute
the followmg.

* Branches or other welded attachmicnts mav be Jocallv
stress relieved by neating a shiclded circumivrential band
around the entire vessel. In such cases the requirements of
4.4.2.2 shall apply with the exception that the width of the
circumferential bend (2-5 v Rt minimum) shail be measured
beyond the edge of the attachment or its compensating
pad where applicable. In cases where these requirements
cannot be strictly applied modifications may be agreed
between the purchaser and the manufacturer.”

5.2.3. Delete the title of BS 2633 in the footnote and
substitute * * Class 1 arc welding of ferritic steel pipework
for carrying fluids’.’

5.5.2.1. (as amended by Amendment No. 1, PD 5845).
In the first paragraph, delete the words * The test pressure
P, shall be that given by equation (26) " and substitute:
‘ Except as qualified below, the test pressurce p, shall be
that given by equation (20) .

In the fourth paragraph delete the sentence beginning
“If the weakest part of the vessel . . ." and substitute:

‘ The test pressurce should be realistic in that all parts
of the vessel should preferably be tested 1o a pressure of
Pq but, unless otherwise agreed, no part shall be subjected

(f2)
(o’

to a test pressure less than 1-25 p It 1s recommended
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that no part of the vessel be subjected to a pressure
exceeding that corresponding to 90 per cent of the general
yicld of the material in the point under consideration.’

APPENDIX A (as amended by Amendment No. 1,
PD 5845).

A3.2.2.1. In the paragraph beginning * Line loads . . .7,
step 3, delete * (¢, r/C — Z)° and substitute * (¢or/Cy +
Z — C 4/CY)".

A3.3.3. In the paragraph headed * For «a longitudinal
moment”, step 1, delete Figs. 51, 52, 53 and 54" and
substitute © Figs. 5:\ 56, 57 and 38~

In the paragraph hea

ded * For a circumferential moment*,
step 2, dd-.“. : Figs. 35,

36, 57 or 58’ and substitute * Figs.
S C,b

d e

51,52, 53 and 5475 in step 3 delete © = -2 7 and sub-
¢y
. .40, .
stitute =
Cy

Fig. 70. In the top left hand ﬁgmx delete the equation for
1 b"p
‘40" and substitute ‘po=
\ort

A4.1.3. In the reference to CP3 Chapter S (in the text and
e xdatcd footnote) delete the date * 1958 * and substitute
©1952°.

A4.3.2.4. Tnsert at the end of Case | “ The thickness of
local doubling piates should not bz included when using
cquation (39). -

fable 19, ta Table 19 in the last item in the column
th cd * Conditon 7, dedete the <ubsu|pt I to the sccond

3

b7 sothatitreads " b, 224 b° .
Delete the four lines immediately following Table 19 and
substitute:
‘It has been suggesicd (Ref. 19) that the maximum

allowable values of the tangential stresses should be:

g = (0-8f) in the shell

. = (1115 — f£) in the end.
Ref. 19 makes no comment on permissible test stresses,
it is therefore suggested that under hydraulic test, the
stress values be limited as follows:
g == 0-7 times yicld stress (at test temperature) in the shell

g. = 0-87 times yield stress (at test temperature) — fain
the Lnd
. D
where f;, == pz;’ design conditions
DK ..
and [, = £q—;—’—— test conditions
“fa

K == shape factor from Fig. 9.
¢ = shell or end thickness before corrosion allowance
is added as appropriate.
¢, == actual thickncss at the ume of test.
= internal pressure, design or test as appropriate.’
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A4.3.2.6. Delete the last paragraph of the text headed
¢ For a shell not stiffened by rings’ and substitute:

‘ The stresses in the shell at the edge of the reinforcing
plate should be checked by equations (42), (43) and (44),
taking the saddle to have the dimensions and included
angle of the reinforcing plate. Values of K, can be inter-
polated from Fig. 85, taking Ks = 0 when § = 180°. If
these are unacceptable both the width and included angle
of the reinforcing plate should be increased from the
minimum values specified above.’

APPENDIX B.
B2.3. Delete “ 2’ and substitute 1-8 °.

APPENDIX D. PRESSURE RELIEF PROTECTIVE
DEVICES

D1.2. Delete footnote T and substitute:

¢ BS 1500 Part 1, * Fusion welded pressure vessels for
general purposes. Carbon and low alloy steels’.’
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THis BRITISH STANDARD, having been approved by the Chemical Engineering Industry Standards Com-
mittee and endorsed by the Chairman of the Engineering Divisional Council, was published under the
authority of the General Council on 24th March, 1965.

The Institution desires to call attention to the fact that this British Standard does not purport to include
all the necessary provisions of a contract.

In order to keep abreast of progress in the industries concerned, British Standards are subject to periodical
review. Suggestions for improvements will be recorded and in due course brought to the notice of the
committees charged with the revision of the standards to which they refer.

A complete list of British Standards, numbering over 5000, fully indexed and with a note of the contents
of each, will be found in the British Standards Yearbook, which may be purchased from BSI Sales
Department. It may also be consulted in many public libraries and similar institutions.

This standard makes reference to the following British Standards:

B.S. 10.  Flanges and bolting for pipes, valves and fittings.

B.S. 21.  Pipe threads.

B.S. 131. Methods for notched bar tests.

B.S. 427. Method for Vickers hardness test.

B.S. 449. The use of structural steel in building (incorporating B.S. Code of Practice CP 113).

B.S. 499. Glossary of terms (with symbols) relating to the welding and cutting of metals.

B.S. 709. Methods of testing fusion welds, welded joints and weld metal (applicable to the electric
arc welding of steel).

B.S. 759. Valves, gauges and other safety fittings for application to land boilers and to piping installa-
tions for and in connection with land boilers.

B.S. 903. Methods of testing vulcanized rubber.
Part A7. Determination of hardness.

B.S. 970. Wrought steels in the form of bars, billets and forgings, up to 6 in ruling section, for automo-
bile and general engineering purposes.

B.S. 1113. Water-tube boilers.

B.S. 1123. Safety valves, gauges and other safety fittings for air receivers and compressed air installations.

B.S. 1500. Fusion welded pressure vessels for general purposes.
Part 1. Carbon and low alloy steels.

B.S. 1501. Steels for use in the chemical, petroleum and allied industries. Plates, sections and bars.

B.S. 1503. Steels for use in the chemical, petroleum and allied industries. Forgings.

B.S. 1504. Steels for use in the chemical, petroleum and allied industries. Castings.

B.S. 1506. Steels for use in the chemical, petroleum and allied industries. Bars for bolting material.

B.S. 1510. Steels for use in the chemical, petroleum and allied industries (Low temperature supplementary
requirements to B.S. 1501-1506).

B.S. 1560. Steel pipe flanges and flanged fittings (nominal sizes 35 in to 24 in) for the petroleum industry.

B.S. 1719. Classification, coding and marking of covered electrodes for metal-arc welding.
Part 1. Classification and coding.

B.S. 1750. Bolting for the petroleum industry.

B.S. 1806. Dimensions of toroidal sealing rings (‘O’ seals and their housings).

B.S. 1966. Domed ends for tanks and pressure vessels.

B.S. 2561. Forged steel pipe fittings screwed with API thread for the petroleum industry.

B.S. 2600. General recommendations for the radiographic examination of fusion welded butt joints in
steel.

B.S. 2633. Class I arc welding of ferritic steel pipework for carrying fluids.

B.S. 2910. General recommendations for the radiographic examination of fusion welded circumferential
butt joints in steel pipes.

B.S. 2915. Domed metallic bursting discs and bursting disc assemblies.

B.S. 3059. Steel boiler and superheater tubes.

B.S. 3602. Steel pipes and tubes for pressure purposes. Carbon steel: high duties.

B.S. 3604. Steel pipes and tubes for pressure purposes. Low and medium alloy steel.

CP3. Chapter 5. Loading.

CP 114.  Structural use of reinforced concrete in buildings.

British Standards are revised, when necessary, by the issue either of amendment slips or of revised editions.
It is important that users of British Standards should ascertain that they are in possession of the latest
amendments or editions.

The following B.S.I. references relate to the work on this standard:
Committee references CHE/19, CHE/19/-/1, CHE/19/-/1/2 Draft for comment D 62/8670
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CO-OPERATING ORGANIZATIONS

The Chemical Engineering Industry Standards Committee, under whose supervision this British Standard
was prepared, consists of representatives from the following Government departments and scientific

and industrial organizations:

*Association of British Chemical Manufacturers
Association of Consulting Engineers
Board of Trade
*British Chemical Plant Manufacturers’
Association
Coke Oven Managers’ Association
*Engineering Equipment Users’ Association
Gas Council

Glass Manufacturers’ Federation
Institute of Petroleum
*Institution of Chemical Engineers
Institution of Gas Engineers
Institution of Structural Engineers
*Ministry of Transport
*United Kingdom Atomic Energy Authority

The Government departments and scientific and industrial organizations marked with an asterisk in
the above list, together with the following, were directly represented on the committee entrusted with

the preparation of this standard:

Aluminjum Federation

Associated Offices Technical Committee

Association of Shell Boiler Makers

British Iron and Steel Federation

British Welding Research Association

Copper Development Association

Council of British Manufacturers of Petroleum
Equipment

Department of Scientific and Industrial Research
—National Engineering Laboratory

Electricity Council, the Generating Board and
the Area Boards in England and Wales

Engineer Surveyors Association

Food Manufacturers Federation

Imperial College of Science and Technology
Institute of Refrigeration

Institute of Welding

Institution of Mechanical Engineers

Lloyd’s Register of Shipping

Ministry of Labour (H.M. Factory Inspectorate)
Oil Companies Materials Association

Tank and Industrial Plant Association
Water-tube Boilermakers Association
Manufacturers of Pressure Vessel materials
Manufacturers of Pressure Vessels
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BRITISH STANDARD SPECIFICATION FOR

FUSION WELDED PRESSURE VESSELS
FOR USE IN THE CHEMICAL, PETROLEUM AND
ALLIED INDUSTRIES

Part 1. Carbon and Ferritic Alloy Steels

FOREWORD

This British Standard has been prepared under the authority of the Chemical Engineering Industry Standards Committee
as a result of requests from users who wish to use a standard permitting higher design stresses than are allowed in B.S. 1500, 45 airered,
* Fusion welded pressure vessels for general purposes ’, Part 1, ¢ Carbon and low alloy steels . It is expressly pointed out, Jurember
however, that this standard is not a simple alternative to B.S. 1500, Part 1 providing identical coverage with an up-grading
of design stresses (see Clause 1.1).

It has not been possible at this time to give firm design stress values at elevated temperatures for all the materials of
construction but recommended values are given in Appendix G for guidance, pending further information from the steel
industry.

NOTE 1. Approximate conversions into British or metric units are given in Appendix E. Where more exact values are required, reference
should be made to the tables of conversion contained in B.S. 350, ¢ Conversion factors and tables ’. Attention is drawn to B.S. 2856, ¢ Precise
conversion of inch and metric sizes on engineering drawings ’.

NOTE 2. In place of the customary, but incorrect, use of the pound as a unit of force, the unit called a pound force (abbreviation 1bf) has
been used in this standard. It is that force which, when acting on a body of mass one pound, gives it an acceleration equal to that of standard
gravity. The unit of ton-force is used similarly.

SPECIFICATION

SECTION ONE : GENERAL

1.1. SCOPE. This British Standard covers the design, requirements of this standard and that the vessel has been s eirered:
construction, inspection, testing and certification of un- so constructed and tested. 1967 and

fired fusion welded pressure vessels of carbon and ferritic
alloy steels utilizing higher design stresses than those per-
mitted by B.S. 1500,  Fusion welded pressure vessels for
general purposes ’, Part 1, ¢ Carbon and low alloy steels °.
The term ° pressure vessel’ as used in this standard
includes branches up to the point of connection to the
connecting piping by bolting, screwing or welding.

This standard applies only to unfired fusion welded
pressure vessels manufactured under the survey of a compe-
tent engineering inspection authority or organization. The
intent of this requirement may be regarded as satisfied
where inspection is carried out by competent personnel of
a separate engineering inspection department maintained
by the purchaser of the vessel. An inspection department
maintained by the manufacturer does not satisfy this
requirement except in the case of vessels for the manu-
facturer’s own use and not for resale.

Upon satisfactory completion of the vessel the
organization(s) responsible for design, construction and
inspection, shall jointly certify that the design satisfies the

Full document details: BS 1515-1:1965

It is implicit that the vessels covered by this standard
shall be made only by manufacturers who can satisfy the
inspecting authority or organization that they are com-
petent and suitably equipped to fulfil all the requirements
of this standard.

This standard does not apply to vessels with a shell
thickness less than 14 inch or exceeding 14 of the internal
diameter.

Vessels for the transport of liquids and gases and for
nuclear applications may be subject to special regulations.

The design of vessels lined with vitreous enamel requires
special consideration and such designs are not covered by
this standard.

Where the words ° purchaser’ and ‘ manufacturer’
occur in the text they shall be taken to include representa-
tives of the purchaser and manufacturer and of the ap-
pointed inspecting authority or organization.

When a vessel may be subjected to frequent variations
in pressure or temperature the effect of fatigue may require
consideration (see Subclause 3.1.4.2 and Appendix B).

5
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As altered,
August 1969

As altered,
August 1969

1.2. INFORMATION TO BE SUPPLIED BY THE
PURCHASER AND THE MANUFACTURER

1.2.1. Information to be supplied by the purchaser. The
purchaser shall inform the manufacturer at the time of the
enquiry:

1. Of the design pressure(s), temperature(s) and load-
ings.

2. Of the name of the inspecting authority representing
the purchaser.

3. Whether radiographic or other non-destructive
examination is to be made of the entire length of the
main seams.

NOTE. In this standard a higher weld joint factor is per-
mitted tor design when this requirement is met. See Sub-
clause 3.1.3 and Clause 5.2.

4. Whether production control tests are required (see
Clause 5.3).

5. Of any adverse conditions under which the vessel will
be required to operate.

6. Whether any addition is required to the require-
ments of this standard.

7. Of any special statutory or other regulations with
which the vessel is required to comply.

8. Whether the elevated temperature yield stress (or
0-2 % proof stress) is required to be verified by hot
testing (see Table 2, Note 2).

1.2.2. Information to be supplied by the manufacturer. The
manufacturer shall, on request, supply the purchaser and/
or the inspecting authority with:

1. Fully dimensioned sectional drawings showing in
full detail the construction of the vessel.

2. Details of the methods chosen by the manufacturer
(where alternative methods are permitted by this

kgf/em? Ibf/in’

standard) for approval before putting the work in
hand.

1.3. DEFINITIONS. For the purposes of this British
Standard the following definitions apply:

Pressure vessel. A vessel subjected to internal pres-
sure as indicated in Fig. 1.

Design pressure. The maximum safe working
pressure of the vessel, or part of the vessel, as appro-
priate, at the relevant design temperature. It is the
pressure to be inserted in the design formulae, unless
otherwise specified, to determine the scantlings of the
respective parts of the vessel.

Design temperature. The temperature used in design
based on the actual metal temperature expected under
the operating conditions for the part concerned.

Design stress. The stress to be used in the formulae

of Section Three determined in accordance with
Clause 2.2.
NOTE. It is recognized that vessels designed and fabricated in
accordance with this standard will contain regions at which the
localized and secondary stresses are appreciably higher than
those tabulated in this standard. In so far as it is practicable,
design rules for details have been formulated to hold such
stresses at safe levels consistent with experience.

Weld joint factor. The arbitrary ratio of the per-
missible stress in the welded seam to that in the plates
welded, expressed as a decimal.

Post welding heat treatment (stress relief). The heat
treatment of a vessel in accordance with the require-
ments of Clause 4.4.

Fusion welding. See B.S. 499* for definitions of
welding processes and types of joints.

Welded seams. The main longitudinal and circum-
ferential connections in the shell of a vessel.

Welded joints. All welded connections other than
welded seams.

* B.S. 499, ¢ Glossary of terms (with symbols) relating to the welding
and cutting of metals’.
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Fig. 1a. Limits for pressure vessels covered by the requirements of the code
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SECTION TWO : MATERIALS AND DESIGN STRESSES

2.1. MATERIALS.

2.1.1. General.

2.1.1.1. a. All materials used in the manufacture of
pressure parts of pressure vessels constructed in accordance
with this standard shall, except as provided below, be in
accordance with the appropriate specifications listed in
Table 1.

b. Nothing in the foregoing shall preclude the use of
otherwise suitable material where so agreed by purchaser,
manufacturer and inspecting authority. It is recom-
mended that, in such cases, particular attention be given
to the weldability and ductility of the material proposed.

No such material shall have an elongation on a gauge
length of 5:654/.8, less than 16 per cent for plates, 15 per
cent for castings and 14 per cent for tubes and forgings,
for test pieces obtained, prepared and tested in accordance
with normal good practice.

2.1.1.2. Materials used for supporting lugs, skirts, baffles
and similar non-pressure parts welded to vessels shall be
of weldable quality and suitable in other respects for the
intended service, and shall be identified by suitable
documentation.

2.1.2. Materials for low temperature service. Special con-
sideration should be given to the choice of materials and
to their heat treatment for vessels designed to operate at
temperatures below 0°C. (See Appendix C.)

TABLE 1. PERMISSIBLE MATERIALS

Form Material Specification Notes

Plate Carbon steel B.S. 1501-101 1
Carbon steel (semi-killed) B.S. 1501-151 L2
Carbon steel (silicon-killed) B.S. 1501-161 P2
Carbon manganese steel (semi-killed) B.S. 1501-211 2
Carbon manganese steel (semi-killed, niobium treated) B.S. 1501-213 2
Carbon manganese steel (silicon-killed) B.S. 1501-221 |2
Carbon manganese steel (silicon-killed, aluminium treated) © B.S. 1501-224 ‘ 2
Carbon molybdenum steel B.S. 1501-240 %
314 per cent Nickel steel B.S. 1501-503

14 per cent Chromium 4 per cent molybdenum steel
34 per cent Chromium 214 per cent molybdenum steel

B.S. 1501-620A
B.S. 1501-620B i
B.S. 1501-621 3

134 per cent Chromium 34 per cent molybdenum steel
5 per cent Chromium %% per cent molybdenum steel B.S. 1501-625
Forgings ~ Carbon steel (silicon-killed) | B.S. 1503-161 )
Carbon manganese steel (silicon-killed) * B.S. 1503-221 i
Carbon molybdenum steel B.S. 1503-240 L2
334 per cent Nickel steel B.S. 1503-503
1 per cent Chromium 34 per cent molybdenum steel B.S. 1503-620 ;
214 per cent Chromium 1  per cent molybdenum steel B.S. 1503-622 ‘
3 per cent Chromium 14 per cent molybdenum steel B.S. 1503-623
5 per cent Chromium 34 per cent molybdenum steel B.S. 1503-625 (
Castings | Carbon steel B.S. 1504-101 1,2
| Carbon steel B.S. 1504-161 L2
Carbon molybdenum steel | B.S. 1504-240 ‘
334 per cent Nickel steel B.S. 1504-503
134 per cent Chromium 3% per cent molybdenum steel B.S. 1504-621
3 per cent Chromium 34 per cent molybdenum steel B.S. 1504-623
5 per cent Chromium 34 per cent molybdenum steel B.S. 1504-625
Bar | Carbon steel (28 ton hot rolled) B.S. 1506-111 C 4
; (45 ton) B.S. 1506-162 | 4
| Carbon molybdenum steel B.S. 1506-240 | 2,4
i1 per cent chromium molybdenum steel B.S. 1506-621 2,4
| 5 per cent Chromium 14 per cent molybdenum steel B.S. 1506-625 | 2,4
1‘ 1 per cent Chromium molybdenum vanadium steel B.S. 1506-661 ] 4
Pipe Carbon steel hot finished | B.S. 3602-HFS | s
| cold drawn | B.S. 3602-CDS 5
1 elec. resist. welded | B.S. 3602-ERW 5
f elec. fusion welded | B.S. 3602-EFW 2
|
8
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TABLE 1. PERMISSIBLE MATERIALS—continued

Form Material Specification Notes
Pipe— Carbon steel low temperature duties
contd. hot finished B.S. 3603-HFS 2
cold drawn B.S. 3603-CDS 2
334 per cent Nickel steel hot finished B.S. 3603-HFS 503 LT100
cold drawn B.S. 3603-CDS 503 LT100
1 per cent Chromium 14 per cent molybdenum steel
hot finished B.S. 3604-HF620
cold drawn B.S. 3604-CD620
14 per cent Chromium 14 per cent molybdenum steel !
hot finished B.S. 3604-HF621
cold drawn B.S. 3604-CD621
234 per cent Chromium 14 per cent molybdenum steel
hot finished B.S. 3604-HF622 2
cold drawn B.S. 3604-CD622 2
5 per cent Chromium 14 per cent molybdenum steel
hot finished B.S. 3604-HF625
cold drawn B.S. 3604-CD625
14 per cent Chromium 4 per cent molybdenum 14 per cent vanadium
steel hot finished B.S. 3604-HF660
cold drawn B.S. 3604-CD660 |
Tube Carbon steel hot finished B.S. 3059, Pt. 1 HFS20 6,8,9
B.S. 3059, Pt. 1 HFS27 " 6,8,10
cold drawn B.S. 3059, Pt. 1 CDS20 , 6,8, 11
B.S. 3059, Pt. 1 CDS27 | 6,8,12
elec. resist. welded B.S. 3059, Pt. 1 ERW20 | 6,8,13
B.S. 3059, Pt. 1 ERW27 6,814
cold drawn elec. resist. welded B.S. 3059, Pt. 1 CEW20 ! 6,8,15
B.S. 3059, Pt. 1 CEW27 6,8
Carbon steel—high duties hot finished B.S. 3059, Pt. 2 HFS27P 7,8,10
B.S. 3059, Pt. 2 HFS28P 7,8,18
B.S. 3059, Pt. 2 HFS2TH | 8,1
B.S. 3059, Pt. 2 HFS28H | 8,18
cold drawn B.S. 3059, Pt. 2 CDS27P | 7,8,12
B.S. 3059, Pt. 2 CDS28P | 17,8,18
B.S. 3059, Pt. 2 CDS27H I 8,17
B.S. 3059, Pt. 2 CDS28H 8,18
elec. resist. welded B.S. 3059, Pt. 2 ERW27P 7,8, 14
B.S. 3059, Pt. 2 ERW27H 8, 1
cold drawn elec. resist. welded B.S. 3059, Pt. 2 CEW27P 7,8
B.S. 3059, Pt. 2 CEW28P . 7,8,18
B.S. 3059, Pt.2 CEW27TH 8,18
B.S. 3059, Pt. 2 CEW28H | 8,18
Carbon molybdenum steel hot finished B.S. 3059, Pt. 2 HFS240 ! 8,19
cold drawn B.S. 3059, Pt. 2 CDS240 ! 8, 20
1 per cent Chromium molybdenum steel i
hot finished B.S. 3059, Pt. 2 HFS620 | 8,21
cold drawn B.S. 3059, Pt. 2 CDS620 8,22
elec. resist. welded B.S. 3059, Pt. 2 ERW620 | 8,18
cold drawn elec. resist. welded B.S. 3059, Pt. 2 CEW620 . 8,18
234 per cent Chromium 1 per cent molybdenum steel |
hot finished B.S. 3059, Pt. 2 HFS622 | 2,8,23
cold drawn B.S. 3059, Pt. 2 CDS622 © 2,824

NOTE 1. For non-pressure parts only
NOTE 2. All grades.

NOTE 3. In course of preparation.

NOTE 4. This material is suitable for the
manufacture of machined components such
as bolts, nuts, locking rings and similar items.
Bars for the manufacture of stays and com-
ponents which are to be welded should be
ordered to B.S. 1501, 1502* or 1503.
NOTE 5. Steels 23 and 27 only. Specify
design temperature if over 427°C.

* In course of preparation.

NOTE 6. For temperatures and pressures
not exceeding 400°C and thicknesses not
exceeding 4 in.

%%);EE 7. For temperatures not exceeding
NOTE 8. References conform to proposed
revision of B.S. 3059. See notes 9 to 24 below.
NOTE 9. Previously B.S. 3059/1.

NOTE 10. Previously B.S. 3059/5

NOTE 11. Previously B.S. 3059/2

NOTE 12. Previously B.S. 3059/6.

NOTE 13. Previously B.S. 3059/3.

NOTE 14. Previously B.S. 3059/13.

NOTE 15. Previously B.S 3059/4.

NOTE 16. Previously B.S. 3059/5. Specify
fully killed, suitable for design metal tem-
peratures above 427°C (800°F).

NOTE 17. Previously B.S. 3059/6. Specify
fully killed, suitable for design metal tem-
peratures above 427°C (800°F).

NOTE 18. New grade. No corresponding
equivalent in B.S. 3059 : 1958.

NOTE 19. Previously B.S. 3059/7.

NOTE 20. Previously B.S. 3059/8

NOTE 21. Previously B.S. 3059/9

NOTE 22. Previously B.S. 3059/10.

NOTE 23. Previously B.S. 3059/11

NOTE 24. Previously B.S. 3059
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2.2. DESIGN STRESSES.

2.2.1. Design stress values to be used in conjunction with
the formulae given in this standard shall be determined
by dividing the appropriate properties of the material by
the factors given in Table 2. The least value of design
stress obtained by considering each property separately
shall apply.

2.2.2. Shear stresses. The maximum permissible nominal
shear stress (where present alone) shall not exceed 50 per
cent of the value derived in accordance with Subclause
2.2.1 above.

2.2.3. Bearing stresses. The maximum permissible nominal
bearing stress shall not exceed 1-5 times the stress derived
in accordance with Subclause 2.2.1 above.

TABLE 2. DESIGN STRESS FACTORS

1 2

3 | a

Factor for

Average stress to
produce total creep
strain of 1 per cent

Certified or specified
minimum yield or |
0-2 per cent proof

Average stress to

Specified minimum C
produce rupture in

ultimate tensile
stress at room |

Material

As altered,
August 1969

stress at design
temperature

100 000 h at design | s oo <o

design temperature

temperature \ temperature

Carbon and carbon-manganese steels
a. Elevated temperature properties
not certified or hot tested
(i) Design temperatures up to
and including 50°C

1-5 (Note 2)

2-35 ; — ‘ —

(ii) Design temperatures over
50°C

Note 1

b. Elevated temperature properties |

certified or hot tested 1-5 (Note 2)

2:35 | 15 (Note 1) 1-0 (Note 1)

Low alloy steels
a. Elevated temperature properties
not certified or hot tested
(i) Design temperatures up to

and including 50°C 1-5 (Note 2)

2.35 — i —

(ii) Design temperatures over

50°C Note 3

Note 3 Note 1 Note 1

b. Elevated temperature properties

certified or hot tested 1-5 (Note 2)

\'
|
1
I

2-35 1-5 (Note 1) 1-0 (Note 1)

NOTE 1. Pending the inclusion of authoritative creep rupture and
creep strain stress values in B.S. 1501, 1503, 1504 and 1506, stress
values appropriate for design purposes are given in Appendix G,
Table 28.

NOTE 2. The elevated temperature yield stress (or 0-2 % proof
stress) to be assumed for design purposes may be determined by
linear interpolation between values given in the relevant material
specification.

The minimum specified yield stress (at room temperature) may
be taken to apply for design purposes for all temperatures up to
50°C.

For design purposes linear interpolation may be used between
50°C and the lowest temperature at which values of elevated tem-
perature yield stress (or 0-2 % proof stress) are given in the material
specification.

Unless otherwise agreed, the elevated temperature yield stress
(or 0-2 % proof stress) values of materials may be either certified or
demonstrated by hot testing at the manufacturer’s option. In these
cases where elevated temperature tests are required, the elevated
temperature yield stress (or 0-2 9, proof stress) shall be verified:

(i) Elevated temperature tests for materials for use at design
temperatures between 50°C and the lowest temperature for which
elevated temperature yield stress (or 0-2 % proof stress) is given in
the materials specification: the elevated temperature test shall be
carried out at that temperature.

(ii) Elevated temperature tests for materials for use at design
temperatures above the lowest temperature for which elevated tem-
perature yield stress (or 0-2 9; proof stress) is given in the materials
specification: the elevated temperature test shall be carried out at
the tabulated temperature, nearest to the design temperature.

10

(iii) Elevated temperature tests are not required for materials
for use at design temperatures up to 50°C.

The results of any elevated temperature tests, and the test pro-
cedure, shall comply with the requirements of the relevant material
specification.’

NOTE 3. Under consideration.

NOTE 4. In the case of castings, the above factors shall be divided
by a quality factor of 0-75 except where inspection additional to that
specified in B.S. 1504 and as detailed below is applied when the
above factors shall be divided by 0-90.

a. Each casting shall be radiographically examined at all critical
locations and found free from harmful defects, or the castings shall
be fully machined to such an extent that all critical sections are
exposed for the full thickness as in the case of tube plates with holes
spaced not further apart than the thickness of the casting.

b. All castings shall be examined at all critical locations using
magnetic particle, or penetrant fluid procedure, or by grinding or
machining and etching.

c. Castings found to be defective shall be rejected or repaired to
the satisfaction of the inspecting authority. If repairs by welding are
carried out the castings shall be subsequently stress-relieved or
heat-treated as agreed between steel-maker and inspecting
authority. Repaired areas of cas ings shall be re-examined in ac-
cordance with a above and shall be shown to be free from harmful
defects.

d. Castings to which a quality factor of 0-90 is assigned shall be
clearly and permanently marked with a suitable identification
symbol after being examined as above and found satisfactory.
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SECTION THREE : DESIGN

3.1. GENERAL. Vessels covered by this standard shall be
designed for the most severe condition of co-incident
design pressure and design temperature expected in normal
operation for the part considered.

Special consideration should be given to vessels de-
signed to operate at temperatures below 0°C (see Appen-
dix C).

Where vessels are subjected to alternate heating and
cooling, provision shall be made in the design to permit
expansion or contraction to avoid excessive thermal
stresses (see Appendix A).

3.1.1. Design thickness. In the clauses that follow, methods
are given for calculating the thicknesses required for the
various parts of a pressure vessel.

3.1.2. Design pressure. The normal operating pressure is
determined by the technical requirements of the process
to be used.

The design pressure is usually in excess of this to avoid
unnecessary blowing of safety devices (see Appendix D).

Where the maximum pressure is limited by means of
pressure-relieving devices it is recommended that there
should be sufficient margin between the design pressure
and the normal operating pressure to avoid frequent
blowing of the safety device. For normal spring-loaded
safety valves this is usually 10 per cent of the operating
pressure.

Rupture discs are highly stressed in service; it is there-
fore necessary, in order to avoid premature failure due to
the effects of creep and fatigue, to allow a substantial
margin (of the order of 50 per cent of the operating
pressure but depending upon the particular conditions)
between the normal operating pressure of the vessel and
the designed bursting pressure of the disc. It should be
noted that the bursting pressure of rupture discs is
materially influenced by temperature.

3.1.3. Joint factors. The weld joint factors to be used for
design purposes shall be as follows:

100 per cent radiographed ‘ Spot radiographed

|
i

1-00 0-85

see Clause 5.2.
3.1.4. Loadings.

3.1.4.1. In the design of a vessel the following loadings
shall be included where relevant (see also Subclause
3.4.2.4).
1. Internal design pressure.
2. Maximum static head of contained fluid under
normal operating conditions.
3. a. The weight of vessel and normal contents, or
b. Weight of the vessel and maximum content of
water specified for the pressure test.
4. Wind loading in combination with other loading
(see Subclause 3.4.2.4).

3.1.4.2. Special consideration may require to be given to
the effect of the following:
1. Local stresses due to supporting lugs, ring
girders, saddles, internal structures or connecting
piping (see Appendix A).

Full document details: BS 1515-1:1965

2. Shock loads due to water hammer or surging of
vessel contents.

3. Bending moments caused by eccentricity of the
centre of working pressure relative to the neutral axis
of the vessel.

4. Forces due to temperature differences, including
the effects of differential expansion.

5. Forces caused by the method of supporting the
vessel during transit or erection.

6. Fluctuating pressure and temperature (see
Appendix B).
Formal analysis of the effect of the above influences is only
required in cases where it is not possible to demonstrate
the adequacy of the proposed design, e.g. by comparison
with the behaviour of comparable vessels.

14°(slope 1:4)max.
| )/—_—’
j/z N 9
jl' /N !

> —
L—Parallel length
a

Taper may be inside vessel or outside

I4°(slow_—.

1 .("{,::‘ _

L S =
/N

Lo

=——Parallel length
b.

Internal and external offsets need not be symmetrically disposed

Fig. 2. Butt welds in plates of unequal thickness
(see Figs. 3 and 4 for weld preparations)

3.1.5. Butt welds between plates of unequal thickness.
Where plates of different thicknesses are joined by means
of butt welding a tapered transition shall be provided as
shown in Figs. 2 and 10. The weld may be partly or wholly
within the tapered section or separated from it by a short
parallel section.

Except where permitted by recommended details (e.g.
Figs. 10, 11 and Appendix E), the secondary stresses
resulting from misalignment of the centrelines of the two
parts shall be taken into account wherever such mis-
alignment may exceed (including specified fabrication
tolerances; see also Clause 4.1.6.2):

(i) longitudinal seams (and circumferential seams in
spherical components) 1-0 mm or 7/10 whichever is the
greater, but not more than 3-0 mm.

(ii) Circumferential seams (7/10 + 1:0 mm) or
(T/20 + 4-0 mm), whichever is smaller;
where T is the nominal thickness of the thicker part in mm.
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