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Foreword

This translation has been made based on the original Japanese Industrial Standard
revised by the Minister of Health, Labour and Welfare and the Minister of Economy,
Trade and Industry through deliberations at the Japanese Industrial Standards
Committee, as the results of proposal for revision of Japanese Industrial Standard
submitted by The High Pressure Gas Safety Institute of Japan (KHK)/Japanese
Standards Association (JSA) with the draft being attached, based on the provision of
Article 12 Clause 1 of the Industrial Standardization Law applicable to the case of
revision by the provision of Article 14.

Consequently JIS B 8274 :2003 is replaced with this Standard.
This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard may conflict
with a patent right, application for a patent after opening to the public, utility model
right or application for registration of utility model after opening to the public which
have technical properties. The relevant Ministers and the Japanese Industrial
Standards Committee are not responsible for identifying the patent right, application
for a patent after opening to the public, utility model right or application for registration
of utility model after opening to the public which have the said technical properties.

The figures and tables marked with 1 in this Standard, were adopted from the ASME
Boiler and Pressure Vessel Code © 2004 by the American Society of Mechanical
Engineers with the written consent of the ASME Codes & Standards Department.
No additional translation or reproduction may be made of these materials without
the prior written consent of ASME.

The items marked with § and the materials in clause 6 and clause 7 were adopted
from Standard of The Tubular Exchanger Manufacturers Association, 8th Edition
by TEMA (Tubular Exchanger Manufacturers Association, Inc.) with the written consent
of TEMA. No additional translation or reproduction may be made of these materials
without the prior written consent of TEMA.
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JAPANESE INDUSTRIAL STANDARD JIS B 8274 : 2008

Flat tubesheet for pressure vessels

1 Scope

This Japanese Industrial Standard specifies the design method of flat tubesheet of
the shell and tube heat exchanger, which shall apply to items related to the flat
tubesheet. For the flat tubesheet specified in JIS B 8265 or JIS B 8266, standards
thereof shall apply respectively.

Requirements not specified in this Standard shall be in accordance with the agree-
ment between the purchaser and the manufacturer.

2 Normative references

The following standards contain provisions which, through reference in this text,
constitute provisions of this Standard. The most recent editions of the standards
(including amendments) indicated below shall be applied.

JIS B 0190 Glossary of terms used in construction of pressure vessels
JIS B 8249 Shell and tube heat exchangers

JIS B 8265 Construction of pressure vessel—General principles

JIS B 8266 Alternative standard for construction of pressure vessels
JIS B 8267 Construction of pressure vessel

JIS B 8277 Expansion joint for pressure vessels

3 Terms and definitions

For the purposes of this Standard, the definitions given in JIS B 0190 and JIS B
8249, and the following definitions apply.

3.1 stationary end flat tubesheet

flat tubesheet of the heat exchanger with the extractable tube bundle at the channel
side

3.2 floating end flat tubesheet

flat tubesheet of the heat exchanger with the extractable tube bundle at the floating
head side

4 Meanings of symbols
The meanings of symbols shall be as follows.

The allowable tensile stress, longitudinal elastic coefficient and linear expansion
coefficient shall be in accordance with JIS B 8265 and JIS B 8267.

d, : outside diameter of heat exchanger tube (mm)

F . coefficient based on supporting method of tube and flat tubesheet (see table 3)
G : diameter of fixed circle of periphery of flat tubesheet (mm) (see table 3)

P . design pressure of flat tubesheet (MPa) (see table 3 and table 4)
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P, : design pressure of shell side (for minus pressure, minus value) (MPa)
P, : design pressure of tube side (for minus pressure, minus value) (MPa)
;. nominal thickness of shell (mm)

t.: nominal thickness of heat exchanger tube (mm)

o, : allowable tensile stress at design temperature of material (N/mm?)

7,. allowable shear stress at design temperature of flat tubesheet material
(N/mm?)

E : longitudinal elastic coefficient (N/mm?)

a: linear expansion coefficient (1/°C)
5 Conditions for flat tubesheets to satisfy

5.1 General
To design a flat tubesheet, specifications in 5.2 to 5.5 shall be satisfied.

Other than the designing method of flat tubesheet specified in this Standard, An-
nex 7 of JIS B 8265 and Annex 8 of JIS B 8266 are applicable.

5.2 Design temperature of flat tubesheet

The design temperature of the flat tubesheet shall be either that of the shell side
or of the tube side, at whichever temperature the thickness of the flat tubesheet is
greater. However, the metallic temperature is obtained by the method specified in
6.1.3 e) of JIS B 8266, it may be applied as a design temperature.

5.3 Construction of flat tubesheet
The construction of the flat tubesheet shall be as follows.

a) The construction of the flat tubesheet shall be as shown in table 3 and able 4.
b) The thickness of the flat tubesheet excluding the flange part shall be uniform.

¢) The tube holes of the flat tubesheet shall be bored uniformly and the range of tube
holes shall be approximately circular. (However, in the case the pass partition
groove as seen in multi-pass unit is provided, this may be ignored.)

d) Pitch of heat exchanger tube

1) The pitch of the heat exchanger tube (the distance between centres of tube
holes) shall be 1.25 times the outside diameter of heat exchanger tube or more.

2) When tubes are expanded, the pitch of the heat exchanger tube shall satisfy
the specification of 1) and shall be not less than [d,+ 0.165 (d, + 21.)].
However, the following items shall be satisfied.

2.1) It shall not be smaller than (d,+ 2¢) when it is not tested for the holding
power specified in 5.5.

2.2) For the whole machine finished flat tubesheet (except for the pass partition
groove part), 96 % of ligament between the tube holes shall be 0.85 (p,—-d,)
or over.
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where, pe: pitch of heat exchanger tube (mm)
d, : outside diameter of heat exchanger tube (mm)

t,: nominal thickness of heat exchanger tube (mm)
e) All dimensions of the heat exchanger tube shall be the same.

f)  When the bolt hole for hanging, the drain hole or the vent hole are provided,
attention shall be paid not to reduce the strength of the flat tubesheet excessively.

5.4 Method of jointing heat exchanger tube and flat tubesheet

Method of jointing the heat exchanger tube and the flat tubesheet shall be as shown
in table 1.

NOTE : Applicable examples of welding joint are shown in figure 1.
5.5 Holding power test of heat exchanger tube and flat tubesheet

5.5.1 General

For the heat exchanger, holding power test of the jointing part of the heat exchanger
tube and the flat tubesheet shall be performed for the purpose of calculating the
allowable load at the mounting part of the heat exchanger tube. However, the hold-
ing power test may be omitted if the equipment designed with the same condition has
passed the holding power test specified in 5.5.2 in the past, or if the coefficient of joint
strength in table 1 for the case of not conducting the holding power test is applied.

5.5.2 Testing method

The holding power test of the jointing part of the heat exchanger tube and the flat
tubesheet shall satisfy the following.

a) The construction of testing equipment shall be so that the load applied until the
test piece having full scale of the joint to be tested breaks can be measured.

b) When the test piece is broken because of the defect or the inherent cause of test-
ing equipment, it may be replaced with a new test piece taken from the same melt.

¢) In the holding power test, the load shall be applied till the heat exchanger tube
or the jointing part of the heat exchanger tube and the flat tubesheet is mechani-
cally broken. The direction of loading shall be to the axis direction of the heat
exchanger tube as well as the direction in which the tensile stress is generated
on the heat exchanger tube.

d) The shape of the test piece corresponding to the flat tubesheet shall be any one
of circular, square or rectangular. The pattern of the tube holes and the pitch of
tube holes shall be the same as that of the design condition. The heat exchanger
tube supporting the load shall be placed to the centre of the test piece and this
tube shall be surrounded by at least one line of neighbouring heat exchanger tubes.
Further, a projection of at least one ligament width of the flat tubesheet shall be
provided to the outside of the outermost heat exchanger tubes.

e) The heat exchanger tube inside the test piece shall be taken from the same melt,
and the jointing of the heat exchanger tube and the flat tubesheet shall be the
same way as in actual production of the heat exchanger. The tubesheet of test
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piece may be thinner than the actual flat tubesheet but shall not be thicker. For
the expanding, the expansion area inside the test piece may be smaller than the
actual expansion area but shall not be bigger.

The length of the heat exchanger tube of test piece is sufficient if the length
may afford the test, and the length of the heat exchanger tube neighbouring the
heat exchanger tube supporting the load shall be the same as or longer than the
thickness of the flat tubesheet of test piece.

f)  The test piece loading rate shall be that at which the load can be measured cor-
rectly.

g) Ifthere are some defects on the test piece and the defects may affect the test result,
the retest specified in h) shall be performed.

h) The number of the test pieces for the joint type as shown in table 1 shall be 3 or
more. For the retest, take 9 or more test pieces from the heat exchanger tube
from which the first test piece was taken and the former test results shall be
rejected.

i)  For the holding power test for the joint type not included in table 1 or for the case
that the value f; in 5.5.8 is applied instead of the coefficient of joint strength f.,
shown in table 1, the holding power test shall be as follows.

1) The number of the test pieces shall be 9 or more and all the test pieces shall
be taken from one heat exchanger tube. If all the test results are applied,
the additional test may be performed with the test piece taken from the same
heat exchanger tube.

When the design of jointing method or the production procedure is changed
to obtain the expected results, all the tests shall be retraced for the changed
jointing method.

2) Calculate the mean value and the standard deviation ¢ of holding power ob-
tained from each test piece, and decide the coefficient of joint strength f.; using
the mean value subtracted by 20 as the minimum axis load when the break-
age starts. However, the minimum value of holding power shall be effective
only when it is equal to or greater than 50 % of the mean value.

5.5.83 Decision of coefficient of joint strength f.; using holding power test
Decision of the coefficient of joint strength f.; using the holding power test shall
be as follows.

a) for the joint type of a, b and c of table 1,

L
AS,

t™~u

Jo=

b) for the joint type of d, e, f, g, h and i of table 1,
. L
45,111,

when f; is over 1.00, it shall be considered as 1.00.

I
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where, L: the minimum axis load when breakage starts on
test piece (N)

A.: cross section area of heat exchanger tube (mm?)

fi: coefficient of length of expanded part. The smaller

one of either 4 or 1.0 for expanding to grooveless
tube hole. 1.0 for expanding to grooved tube hole.
where, [: length of expanded part (mm)

d,: outside diameter of heat exchanger
tube (mm)

fy: coefficient based on the difference between me-
chanical strength of flat tubesheet and that of heat
exchanger tube. In the case of expanding, the
smaller one of either the ratio of specified minimum
yield point at design temperature of tubesheet or
that of heat exchanger tube or 1.0.

Sy : specified minimum tensile strength of material of
heat exchanger tube (N/mm?)
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Table 1 Applicable jointing method and coefficient of joint strength
of heat exchanger tube and flat tubesheet ¥

Joint type Jointing method ¥ Note Coefficient of joint
strength f.®
fr fu
a Welding only a=1.41 — 1.00 0.80
b Welding only #<a<1.4r © 0.70 0.55
c Expanding and welding a>1.4¢ — 1.00 0.80
d Expanding and welding with 2 or more grooves a<1.4¢ L 0.95 0.75
e Expanding and welding with one groove a<1.4#f b D 0.85 0.65
f Expanding and welding without groove a<1.4¢ LI 0.70 0.50
g Expanding with 2 or more grooves b 4 e 0.90 0.70
h Expanding with one groove b d e 0.80 0.65
i Expanding without groove boa e 0.60 0.50

Notes @ Coefficient of joint strength f, shall be as follows.

It shall be f.» when the holding power test of the heat exchanger tube and the flat
tubesheet specified in 5.5 is not performed. It shall be the smaller one of f;; or fi; speci-
fied in 5.5.8 when the holding power test specified in 5.5 is performed. However, it shall
be fi; when the test is performed in accordance with 5.5.2 i).

b) Tt shall not be applied when the prominent load is repeated.

© For a<t, fnu=0. In this case the holding power test specified in 5.5 shall be performed.

9 The holding power test in accordance with 5.5 shall be performed when the ratio of nomi-

nal outside diameter and nominal inside diameter of the heat exchanger tube is smaller
than 1.05 or larger than 1.41.

®  When the linear expansion coefficient of the material of the heat exchanger tube and
the flat tubesheet are not the same, the allowable operation temperature range shall
be as follows depending on the degree of difference.

— When the ratio of linear expansion coefficient is 70 % to 90 %, the allowable range
of operation temperature shall be -134 °C to 176 °C.

— When the ratio of linear expansion coefficient is 50 % to 70 %, the allowable range
of operation temperature shall be -106 °C to 148 °C.

— When the ratio of linear expansion coefficient is under 50 %, the allowable range of
operation temperature shall be -51 °C to 93 °C.

Ratio of linear expansion coefficient = (smaller linear expansion coefficient/larger lin-
ear expansion coefficient) x 110 (%)

f  Welding dimension «a shall be as shown in figure 1.
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Iy
t,
[

L / / 7
E: ’

a) b) c) d)

0 to £, at most
a

Heaaa e
T FCEFEF BT

€) ) g2 h) i)

NOTE 1 az=1.4¢ for types a) to d).
NOTE 2 a<1.41 for types e) to 1).

Figure 1 Examples of applicable type of welding joint of heat
exchanger tube and flat tubesheet

6 Thickness of flat tubesheet

6.1 Minimum thickness of expanding flat tubesheet

In the case that the heat exchanger tube is mounted on the expansion, the thick-
ness of the expanding part of the flat tubesheet (excluding the corrosion allowance)
shall be equal to or larger than the minimum value shown in table 2. The total flat
tubesheet thickness including the corrosion allowance shall be 19 mm or more.

Table 2 Minimum thickness of flat tubesheet at expanding part

Unit: mm
Outside diameter of heat exchanger tube Minimum value
25.4 or under 0.75d,
31.8 or under 22
38.1 or under 25
50.8 or under 32

6.2 Calculated thickness of flat tubesheet

The calculated thickness of the flat tubesheet shall be the larger one of the follow-
ing f or r». However, calculated thickness of the flange part of the flat tubesheet shall
be as shown in 6.3 when the flat tubesheet is bolted.
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FG | P
Bending ................ tlz_
3 \no,
Shearing ............... L= DI;iP
4(1— —(’}[a
Py
where, t;: calculated thickness excluding corrosion allowance

of flat tubesheet by bending. When grooves for pass
partition plate or grooves for gasket are provided,
the depth of those grooves is not included (mm).

t,: calculated thickness excluding corrosion allowance
of flat tubesheet by shearing. When grooves for
pass partition plate or grooves for gasket are pro-
vided, the depth of those grooves is not included
(mm).

Dy : equivalent diameter of polygon formed by connect-
ing sequentially the centres of outermost tubes, and
shall be in accordance with table 4 (mm)

p: . pitch of heat exchanger tube (mm)

n: efficiency used for thickness calculation of the flat
tubesheet, and shall be according to the following

formula
For square pitch, n =1~l852
P
d()
0.907

For triangular pitch, 7=l———
P
d,

P, 0, Ta, do, F and G shall be in accordance with
clause 4.

NOTE 1 The calculation of #; and % shall be performed for conditions of both sides
of the flat tubesheet. Each dimension shall be the larger one of either
the flat tubesheet of before corrosion or that after corrosion.

NOTE 2 For the fixed tubesheet type heat exchanger, ¢, and £, are calculated re-
peatedly, and when the difference between this calculated thickness and
the thickness supposed in the calculation of F of 6.5 a) is equal to or
smaller than + 1.5 % of the supposed thickness, the calculation shall be
considered as converged. However, the flat tubesheet thicker than the
calculated thickness may be used when the shell and the heat exchanger
tube is within the allowable limit in accordance with clause 7.

NOTE 3 If the following condition formula is satisfied, calculation of #» may be
omitted.
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2
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NOTE 4 For the floating head extracting type heat exchanger, the thickness of
the floating end flat tubesheet #, is the value calculated either accord-
ing to 6.7 a) or b), whichever is the larger.

Table 3 Symbols used for construction and formula of bending 77

tubesheet is not inte-
grated with shell and
channel, and U-tubes
are applied

=]

(L2

circle passing
through the
position where
the gasket reac-
tion force works

Construction of F G P
fl h . .
at tubesheet Shell side Tube side
1 The case where flat 1.0 Diameter of the |Diameter of the |Design pressure ®
tubesheet is not inte- circle passing circle passing of shell side or
grated with shell and through the through the tube side (exclud-
channel, and straight position where |position where |ing the case of
tubes are applied the gasket reac- [the gasket reac- |differential pres-
L tion force works [tion force works |sure design)
7/ ——
LA J
2 The case where flat 1.25 Diameter of the |Diameter of the |Design pressure #

circle passing
through the
position where
the gasket reac-
tion force works

of shell side or
tube side (exclud-
ing the case of
differential pres-
sure design). How-
ever, when the
moment occurs on
the flat tubesheet
by bolting, it shall
be based on 6.6.

3a The case where flat
tubesheet is integrated
with channel, and
straight tubes are
applied

HE—

Q ]

L

The value F shall
be obtained from
the following for-
mula or from
figure 2. The
maximum value
of F shall be 1.0,

and the minimum

shall be 0.8.
17-100¢/ D;,
Fz_
15
where,
D;: inside diam-
eter of shell
or channel

Diameter of the
circle passing
through the
position where
the gasket reac-
tion force works

Inside diameter
of channel

Design pressure @
of shell side or
tube side (exclud-
ing the case of
differential pres-
sure design). How-
ever, for fixed
tubesheet type
heat exchanger, it
shall be based on
6.5 ¢) and 6.5 d).
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Table 3 (continued)
Construction of F G P
flat tubesheet Shell side Tube side
3b The case where flat The value F shall |Inside diameter |Diameter of the |Design pressure®
tubesheet is integrated |be obtained from |of shell circle passing of shell side or
with shell, and straight |the following for- through the tube side (exclud-
tubes are applied mula or from position where |ing the case of
- figure 2. The the gasket reac- |differential pres-
)—_—ﬂﬂ —+ maximum value tion force works |sure design). How-
of F shall be 1.0, (for fixed ever, for fixed
- -] |and the minimum tubesheet type |tubesheet type
Q ] shall be 0.8. heat exchanger, |heat exchanger, it
17-100¢/D. it shall be the |shall be based on
= 1 inside diameter |6.5 ¢) and 6.5 d).
15 of shell.)
where, 3 : - -
3¢ The case where flat Inside diameter [Inside diameter

D; : inside diam- of shell

f ch 1 (f
eter of shell of channel (for

fixed tubesheet

tubesheet is integrated
with shell and channel,

and straight tubes are or channel type heat ex-
applied changer, it shall
— ya — be the inside

diameter of

j shell.)
A

4a The case where flat The value F shall |Diameter of the |Inside diameter |Design pressure®
tubesheet is integrated |be obtained from |circle passing of channel of shell side or
with channel, and the following for- |through the tube side (exclud-
U-tubes are applied mula or from position where ing the case of
figure 2. The the gasket reac- differential pres-
maximum value |tion force works sure design). How-
of F shall be 1.25, ever, when bolted,
and the minimum it shall be based on
(2] shall be 1.0. 6.6.
4b The case where flat F=17 —100¢/D; |Inside diameter |Diameter of the
tubesheet is integrated 12 of shell circle passing

with shell, and U-tubes
are applied

through the

where o
’ position where

D;: inside diam-

- the gasket reac-
. eter of shell tion force works
or channel
7 r
F 72
4c The case where flat Inside diameter |[Inside diameter |Design pressure?
tubesheet is integrated of shell of channel of shell side or
with shell and channel, tube side (exclud-
and U-tube are applied ing the case of
differential pres-
sure design)
V4
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Table 3 (concluded)
Construction of F G P
flat tubesheet Shell side Tube side
5a Floating head backing 1.0 Take the dimension of G of sta- |Design pressure @
flange type tionary end flat tubesheet. of shell side or
tube side (exclud-
ing the case of
differential pres-
sure design)
5b Floating head extracted 1.0 According to 6.7. According to 6.7.
type
_{
| —
5¢ Floating head extracted 1.0 G=141S8 Design pressure
type (separate flat where, of shell side or
tubesheet) . . tube side (exclud-
S : minimum spun measured on |,
] th tre i ¢ ket ing the case of
€ centre line ol gaske differential pres-
‘ sure design)
6 Floating flat tubesheet 1.0 Take the dimension of G of sta- |Design pressure of
type with lantern ring tionary end flat tubesheet. tube side. How-
ever, when shell
side is minus pres-
"IIIIiII_I?/ sure, absolute
value of minus
pressure is added
to the tube side
design pressure.
7 Floating head type 1.0 Take the dimension of G of sta- According to 6.4 a).
with grand tionary end flat tubesheet.
Q H

NOTE 1 The diameter of the circle which passes the position where reaction force of the gasket
works shall be G dimension specified in clause 2 of Annex 3 of JIS B 8265.

NOTE 2 In the construction of the flat tubesheet, stationary end flat tubesheets are shown in 1
to 4¢, and floating end tubesheets are shown in 5a to 7.

Note ® When the shell side or the tube side is minus pressure, the absolute value of minus pres-
sure is added to the design pressures of the opposite side and minus pressure side.
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Table 4 Symbols used for construction and formula of shearing 7

Construction of flat tubesheet P Dy

1 The case where flat tubesheet | Design pressure® of shell side D - 44
is not integrated with shell or tube side (excluding the case LT
and channel, and straight of differential pressure design) h
tubes are applied where,

C: the circumference length of
polygon which is framed
% connecting the centres of
i | outermost tube holes (see
—= figure 3). (mm)

2 The case where flat tubesheet | Design pressure ® of shell side |A: the area within the heavy
is not integrated with shell or tube side (excluding the case line as shown in figure 3.
and channel, and U-tubes are | of differential pressure design) (mm?)
applied.

A, )

3a The case where flat tubesheet | Design pressure? of shell side
is integrated with channel, or tube side (excluding the case
and straight tubes are applied | of differential pressure design).

However, for fixed tubesheet
‘:@I&: type heat exchanger, it shall be
[”j based on 6.5 ¢) and 6.5 d).
L1

3b The case where flat tubesheet
is integrated with shell, and
straight tubes are applied

o
|7/}
& ]

3¢ The case where flat tubesheet
is integrated with shell and
channel, and straight tubes
are applied

1 k4 Va i )
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Table 4 (continued)
Construction of flat tubesheet P D
4a The case where flat tubesheet | Design pressure ? of shell side D — 44
is integrated with channel, or tube side (excluding the case Lo
and U-tubes are applied of differential pressure design) where

C: the circumference length of
polygon which is formed by
) connecting sequentially the
centres of outermost tube
holes (see figure 3). (mm)

4b The case where flat tubesheet A: the area within the heavy
is integrated with shell, and line as shown in figure 3.
U-tubes are applied (mm?)

)

4¢ The case where flat tubesheet
is integrated with shell and
channel, and U-tubes are

KL

applied
Vi
5a Floating head backing flange | Design pressure ® of shell side
type or tube side (excluding the case

of differential pressure design)

5b Floating head extracted type

H

5¢ Floating head extracted type
(separated flat tubesheet)
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Table 4 (concluded)
Construction of flat tubesheet P Dy
6 Floating tubesheet type with | Design pressure of tube side. D - 44
lantern ring However, when shell side is LT

minus pressure, absolute value

@ [::Er_‘_:z of minus pressure is added to where,
C .

the tube side design pressure. : the circumference length of
polygon which is formed by

connecting sequentially the
centres of outermost tube
holes (see figure 3). (mm)

7 Floating head type with According to 6.4 b).

grand
A : the area within the heavy

EFI.:_lT Eﬂﬂ line as shown in figure 3.

(mm?)

Q

Note @ When the shell side or the tube side is minus pressure, the absolute value of minus pres-
sure is added to the design pressures of the opposite side and minus pressure side.

1.25

1.
20 <
115 \\
1.10
£ 105 ™~
T 1.00
095 <
090 ™~
N

085 ™ In th f ht tub
n the case of using straight tube
080 | u 1| g 1g1 ul

0 0.01 002 003 004 005 006 007 008

—= Ratio of thickness to inside diameter of shell or channel

Figure 2 Value of F ¥t

In the case of using U-tube

i oo ok o LA Bdad. L
‘v’vAv’v‘ "v‘v’vn ’n NNNLY
.v. 2 & ... A A
) | )(\J\J [ J\J>< |
- 1 D
\.; (.. o 1 B
HOOCOHOOODD
X POQOOCOOCOOCED
vj r -
,v‘ N/ DOOODDOOOOD
X YRYOOOOOOVY
X 4 'c N I _ FanVia i}
) Q . p D
(X) . ’ J V i L
‘: AI. "A A' \ D
(D A‘ DL ‘n“n. FanVanVany L
"" Nod NN UNUY
a) b)

Figure 3 Polygon used for calculation of flat tubesheet?
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6.3 Calculated thickness of flange part of flat tubesheet

The calculated thickness of the flange part of the flat tubesheet (excluding the depth
of the groove when the gasket grooves are provided) shall be based on the following
formulae in a) or b). For each dimension in the following formulae, comparing the
values before and after corrosion, whichever is leading to the thicker flange part shall
be chosen [see figures 4 a) and b)].

a) Fixed tubesheet type and floating head type heat exchanger

1
2 2 3
0.8 M{—143.717 lnr)
o, (D—G)(1+1.86r7)
where, t; . calculated thickness of flange part of flat tubesheet
(mm)
D : outside diameter of flat tubesheet (mm)

M : M, or M,in 6.5 b), whichever is the larger moment
(N-mm)

r: DIG
b) U-tube type heat exchanger

1

* 2 -
=1 38| M M039PGy I3
0, (D—G)
where, t; . calculated thickness of flange part of flat tubesheet
(mm)

M": moment calculated according to the following for-
mula (N +mm)

3
0-‘)69WF3PG3(’7'] ~MG—0.39wPG’

M=-1 .
G+1.37(z_rj y
n \t

P : pressure of the side where gasket is pinched (P or
P). However, the absolute value of minus pressure
shall be added when the opposite side is minus
pressure. (MPa)

t ;. calculated thickness of flat tubesheet and shall be
as specified in 6.2 (mm)

w: according to the following formula

(D; G) (mm)

n shall be in accordance with 6.2 and D and M shall be
in accordance with 6.3 a).
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The calculation procedure for the above shall be as follows.
1) Suppose that #/f=1, and obtain M".

2) Obtain Py, and P from 6.6.

3) Obtain ¢ from 6.2.

4) Obtain t, from 6.3 b).

5) When t>1, the calculation is over, and the calculated value ¢ shall be taken
as the calculated thickness of the tube cluster part and the flange part.

6) When <t or ¢, is expected to be smaller than ¢, suppose the plate thickness
where t./r<1 and repeat the calculation of procedure 1) to 5).

In this case, decide the thickness of the tube cluster part and the flange
part so that they are in the same ratio as supposed t./t.

t, (calculated {' -
thickness of — t. (caleculated

this part) thickness of
-
Y2  this part)

a) b)
Figure 4 Bolted flat tubesheet

6.4 Effective design pressure of flat tubesheet used for floating head type
with grand

The value of P used in the formula in 6.2 shall be based on the following.

a) Effective design pressure for bending

1 2 N
P:R_{_P{IQS(D D2 (D Dc)}

DF*G?
where, D : outside diameter of the floating head side flat
tubesheet (see table 3) (mm)

D. : equivalent diameter and is calculated according to
the following formula.

VA

A shall be in accordance with table 4.

When P; or P, is minus pressure, the maximum effective design pressure shall
be the largest absolute value of the following 1) to 3).

2 2
DP 2P ) PS[I.ZS(D —DC)(D—DC)}

DF*G?
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b) Effective design pressure for shearing

D*—D?
20

C

P—R+ﬂ(

where, D and D, shall be in accordance with 6.4 a).

When P; or P, is minus pressure, the maximum effective design pressure shall
be the largest absolute value of the following 1) to 3).

2 N2
DP 2P 3 P[%J

c

6.5 Effective design pressure of fixed tubesheet type head exchanger

The following formula shall be applied to the heat exchanger whose flat tubesheets
are fixed to both ends of the shell. Both flat tubesheets shall have the same thick-
ness.

a) Equivalent pressure caused by thermal expansion difference The equiva-
lent pressure caused by the difference of thermal expansion of the shell and that
of the heat exchanger tube shall be according to the following formula.

4ﬂg{é£]
L

— t

° (D, 731) (1I+JKF)

where, P.: equivalent pressure caused by thermal expansion
difference (MPa)

D, : outside diameter of shell (mm)

E.: longitudinal elastic coefficient of shell material at
the average metallic temperature (N/mm?)

Fq: according to the following formula. The minimum
value shall be 1.0.

|
34

Fq:0.25+(F—0.6) 3004, (&J
KIE \T

J : strength coefficient of expansion joint. In the case
without expansion joint, /J=1.0.
1
H(DO_ tS )tSES
Kblo
and J =0 if the following condition is satisfied.
(D()i tS ) tS ES
10/

o

K : ratio of rigidity of shell to that of tube bundle, and
shall be according to the following formula.
p— EStS (DO_tS)
EtttN(do—tt)

In the case with expansion joint, j=

b

1+

K<
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AL :

L

D

: longitudinal elastic coefficient of flat tubesheet

E :

O;:

Qtl

O ©

difference of thermal expansion of shell and that of
heat exchanger tube according to the following for-
mula (mm).

AL = L[ (ases - atet)

length of heat exchanger tube between outer sur-
face of flat tubesheet (mm)

inside diameter of shell (mm)

material at design temperature (N/mm?)

longitudinal elastic coefficient of heat exchanger
tube material at the average metallic temperature
(N/mm?2)

: length of heat exchanger tube between inner sur-

face of flat tubesheet (mm)

: number of heat exchanger tubes

. spring constant of expansion joint, and shall be as

shown in Annex 10 of JIS B 8265 or JIS B 8277
(N/mm)

: actual thickness of flat tubesheet. In the case of

grooves for pass partition plate or for gasket, the
depth of those grooves is excluded (mm)

temperature given by subtracting 20 °C from the
average metallic temperature of shell (°C)

temperature given by subtracting 20 °C from the
average metallic temperature of heat exchanger
tube (°C)

linear expansion coefficient at the average metal-
lic temperature of shell material (1/°C)

: linear expansion coefficient at the average metal-

lic temperature of heat exchanger tube material
(1/°C)

b) Equivalent pressure caused by bolting When the flat tubesheet is extended
to the bolted flange part [see figure 4 a) and b)], the equivalent pressure caused
by bolting shall be according to the following formulae.

6.2M
P= o
Bt F2D13
6.2M,
PBs—— F2D13
where, Pp: equivalent bolting pressure with the pressure of
tube side (MPa)
Pps : equivalent bolting pressure without the pressure of

tube side (MPa)
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M, : total moment operating on flange part of flat
tubesheet under operating condition (N .mm)

M, : moment operating on flange part of flat tubesheet
under the gasket pinched condition (N +mm)

D, shall be in accordance with 6.5 a).

c¢) Effective design pressure of shell side The effective design pressure P of the
shell side shall be the largest absolute value of the following 1) to 6).

P'—P, P'—P—R Pyt P
D === 2P/ 3P 4 S b

where, Py : according to the following formula.

—0.4 J[1.5+K(1.5+];)]_[{1_—211§j~j _lﬂ_

(H+JKE)

6) Ps/_PBs

(MPa)

fs: pressure receiving area ratio of shell side, and shall
be according to the following formula.

2
d

i
D;j: maximum inside diameter of expansion joint (mm)

(in the case without expansion joint, D;=D)
Dy, Fq, J, K, N and P. shall be in accordance with 6.5 a).

Pg, shall be in accordance with 6.5 b).
NOTE 1 The value of P used in the shearing formula shall be calculated as
Py =0.

d) Effective design pressure of tube side The effective design pressure P of the
tube side shall be as follows.

1) When P, is a plus value, the largest absolute value of the following shall be
applied.
PI+PytP

5 or P['+PBt

2)  When P is a minus value, the largest absolute value of the following shall
be applied.

P'=P+P+P
2

where, P/ : according to the following formula.

or P/—P/+ Py

14+0.4JK (1.5+1,)
(I+JKF,)

P'=P

t t

} (MPa)
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fi: pressure receiving area ratio of the tube side, and
shall be according to the following formula.

2
d —2t
=1—N| ———

1

Dy, Fy, J, K, N and P, shall be in accordance with 6.5 a).

Pg, shall be in accordance with 6.5 b) and Py’ shall be in
accordance with 6.5 ¢).

NOTE 2 The value of P used in the shearing formula shall be calculated as
PB[ = 0

NOTE 3 Plus and minus sign of Py’ shall be in accordance with 6.5 c¢).

NOTE 4 When J=0 and both P; and P; are plus values, P shall be calculated
with the following formula.

2
D.
peps (D) i
2 |\ D,

6.6 Design pressure of bolted flat tubesheet of U-tube type heat exchanger

When the periphery of the flat tubesheet reaches to the outside diameter of the flange
and bolted, the design pressure P of the flat tubesheet used in the bending formula
shall be in accordance with the following a) or b) according to the side to which gas-
ket is pinched. In the case P is minus pressure, the absolute value shall be applied.

a) Gasket is pinched with the shell flange and the flat tubesheet
Shell side pressure: P=P;+Py

Tube side pressure: P=P,

b) Gasket is pinched with the channel flange and the flat tubesheet
Shell side pressure: P=P;
Tube side pressure: P=P+ P,

where, Py : equivalent pressure with bolting and shall be ac-
cording to the following formula
_—62M
b G
M" shall be in accordance with 6.3 b)
NOTE : When the opposite side pressure of P; or P, is minus pressure, the abso-

lute value of the minus pressure shall be added. F and G shall be in
accordance with clause 4.

(MPa)

6.7 Design pressure and diameter of fixed circle of periphery of floating flat
tubesheet of floating head extracted type heat exchanger

Design pressure P and diameter of fixed circle of periphery G used in the bending
formula shall be in accordance with the following a) and b).
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