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Foreword

This Japanese Industrial Standard has been revised by the Minister of
Economy, Trade and Industry based on the provision of Article 14, para-
graph (1) of the Industrial Standardization Act applied mutatis mutandis
pursuant to the provision of Article 16 of the said Act in response to a
proposal for revision of Japanese Industrial Standard with a draft being
attached, submitted by The Japan Iron and Steel Federation (JISF), an
accredited standards development organization. This edition replaces the
previous edition (JIS G 8461 : 2019), which has been technically revised.

However, JIS G 3461 : 2019 may be applied in the JIS mark certification
based on the relevant provisions of Article 30, paragraph (1), ete. of the
Industrial Standardization Act until 19 December 2024,

This JIS document is protected by the Copyright Act.

Attention is drawn to the possibility that some parts of this Standard
may conflict with patent rights, published patent application or utility
model rights. The relevant Minister is not responsible for identifying any
of such patent rights, published patent application or utility model rights.

(iii)
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JAPANESE INDUSTRIAL STANDARD JIS G 3461 : 2023

Carbon steel tubes for boiler and heat exchanger

Introduction

This Japanese Industrial Standard has been prepared based on IS0 9329-2 : 1997,
Edition 1, and ISO 9330-2 : 1997, Edition 1, with some modifications of the technical
contents.

Annex JA and Annex JB are unique to JIS and not given in the corresponding In-
ternational Standards. The vertical lines on both sides and dotted underlines indicate
changes from the corresponding International Standards. A list of modifications with
the explanations is given in Annex JC.

1 Scope

NOTE 2 The International Standards corresponding to this Standard and the
symbol of degree of correspondence are as follows.

[SO 9329-2 © 1997 Seamless steel tubes for pressure purposes —
Technical delivery conditions — Part 2 ° Unalloved and alloved steels
with specified elevated temperature properties

[SO 9330-2 : 1997 Welded steel tubes for pressure purposes — Tech-
nical delivery conditions — Part 2 . Electric resistance and induction
welded unalloved and alloved steel tubes with specified elevated tem-
perature properties (overall evaluation : MOD)

In addition, symbols which denote the degree of correspondence in the
contents between the relevant International Standards and JIS are IDT
(identical), MOD (modified), and NEQ (not equivalent) according to
ISO/MIEC Guide 21-1.

2 Normative references

Part or all of the provisions of the following standards, through reference in this text,
constitute provisions of this Standard. The most recent editions of the standards (in-
cluding amendments) indicated below shall be applied.

............................................................................................................................

JIS G 0202 Glossary of terms used 1n iron and steel (Testing)
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J1S G 0320

JI8 G 0321

JI5 G 0567 .

JIS G 0582

JIS 7 2245

JIS 7 8401

Glossary of terms used in iron and steel (Products and quality)

Standard test method for heat analysis of steel products

Method of elevated temperature tensile test for steels and heat resisting

alloys

Metallic materials — Tensile testing — Method of test at room tem-

perature

Rockwell hardness test — Test method

3 Terms and definitions

For the purpose of this Standard, the terms and definitions given in JIS G 0201, JIS
G 0202 and JIS G 0203 apply.

4 Symbols of grade

Table 1 Symbols of grade and symbols for manufacturing method

Symbol for manufacturing method
Symbol of Tube
grade manufacturing Finishing method Marking
method

STB340 Seamless : S Hot-finished : H As given in 16 b).
STB410 Electric resistance | Cold-finished : C

STB510 welded : E As electric resistance

welded : G

5 Manufacturing method

a)

b)

The manufacturing method shall be as follows.

Tubes shall be manufactured from the killed steel and by a combination of the tube
manufacturing method and the finishing method which is given in Table 1. Sym-
bols for manufacturing method are as given in Table 1.

Tubes shall be subjected to the heat treatment given in Table 2. Other heat treat-
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ments may be applied upon agreement between the purchaser and the manufac-
turer.

¢) Tubes shall be finished with plain ends unless otherwise specified.

d) When tubes are manufactured by electric resistance welding, the weld beads on
external and internal surfaces shall be removed to smooth the surfaces along the
contour of the tube. The weld beads on internal surface may be left unremoved if so

Table 2 Heat treatment

Heat treatment
_ . Hot-finished Cold-finished
. .. . As electric . .
Symhol | Hot-finished Cold-finished . electric electric
resistance . ,
of grade | seamless steel | seamless steel lded steel resistance resistance
welded stee
tube tube tube welded steel welded steel
tube tube =
As manufac- As manufac-
tured. Low tured. Low
Low tempera-
temperature temperature
annealing or ture anneal annealing or
STBa40 e ing, normaliz- | Normalizing e Normalizing
normalizing . normalizing
ing or full an-
may be per- nealing may be per-
formed as ' formed as
necessary. necessary.
As manufac-
tured. Low
Low tempera-
temperature
annealing or ture anneal- Low tempera-
STB410 e ing, normaliz- | Normalizing per MNormalizing
normalizing . ture annealing
ing or full
may be per” annealin
formed as g
necessary.
=STB510 Normalizing
Note @ The cold-finished electric resistance welded steel tube which has been normalized

prior to cold finishing may be finished by low temperature annealing or full anneal-
ng.

6 Chemical composition

Tubes shall be tested in accordance with 18.1 and the obtained heat analysis values
shall satisfy the requirements given in Table 3. When the product analysis is requested
by the purchaser, the test shall be carried out in accordance with 18.1. The obtained
product analysis values shall satisfy the requirements in Table 3 within tolerances
given below.

b) For electric resistance welded steel tubes, tolerances in Table 2 of JIS G 0821 shall
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apply.
Table 3 Chemical composition
Unit: %
Symbol of C 518 Mn P 5
grade
STB340 | 0.18 max. | 0.35 max. | 0.30 to 0.60 | 0.035 max. | 0.035 max.
STB410 0.32 max. | 0.35 max. | 0.30 to 0.80 | 0.035 max. | 0.035 max.
STB510 | 0.2 max. | 0.35 max. | 1.00 to 1.50 | 0.035 max. | 0.035 max.
Alloy elements not listed in this tahle may be added as necessary.
Note 31 content may be in a range of 0.10 % to 0.35 %, as specified by the
purchaser.

7 Mechanical properties
7.1 Tensile strength, yield point or proof stress, and elongation

Tubes shall be tested in accordance with 13.2.1, 13.2.2 and 18,2.3. and the tensile
strength, yield point or proof stress, and elongation shall be as given in Table 4. When
the tensile test is carried out on Test piece No. 12 for the tube under 8 mm in wall
thickness, the elongation shall be in accordance with Table 5.

Table 4 Tensile strength, yield point or proof stress, and elongation

Symbol of Tensile Yield point Elongation
grade strength » or proof %o
stress b Outside diameter
Under 10 mm 10 mm or over to 20 mm or over
and excl. 20 mm
Test piece
Test piece No. 11
Test piece No. 11 | Test piece No. 11 or
Test piece No, 12
Tensile test direction
Parallel to tube Parallel to tube Parallel to tube
N/mm? N/mm? . . .
axis axis axis

STB340 340 min. 175 min. 27 min. 30 min. 35 min.
STB410 410 min., 255 min. 17 min. 20 min. 25 min.
STB510 510 min, 295 min, 17 min. 20 min. 25 min,
NOTE 1 N/mm?=1MPa
Note ®  Exclusively for the heat exchanger tubes, the purchaser may, where necessary, spec

ify the maximum value of tensile strength. In this case, the maximum tensile

strength value shall be the value obtained by adding 120 N/mm? to the value in this

table.
Note ™  Unless otherwise specified, the yield point to be determined shall be the upper vield

point, R, or, wherever this is not pronounced, the 0.2 % proof stress, Ry..
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Table 5 Elongation for Test piece No. 12 of tube under 8 mm in wall thickness (direc-

tion parallel to tube axis)
Unit: %
Symbol Wall thickness
of grade | Over 1 mm | Over 2 mm | Over 3 mm | Over 4 mm | Over 5 mm | Over 6 mm | Over 7 mm
uptoand | uptoand | uptoand | uptoand | uptoand | upto and |to and excl.
incl. 2 mm | inel. 3 mm | incl. 4 mm | incl. 5 mm | incl. 6 mm | inel. 7 mm & mm
STB340 | 26 min. 28 min, 29 min, 30 min. 32 min, 34 min. 35 min.
STB410 16 min. 18 min. 19 min. 20 min. 22 min. 24 min. 25 min.
STB510 | 16 min. 18 min. 19 min. 20 min. 22 min. 24 min. 25 min.
NOTE The elongation values in this table are calculated by subtracting 1.5 % from the

elongation value given in Table 4 for each 1 mm decrease of tube wall thickness from
% mm, and by rounding the result to an integer according to Rule A of JIS Z 8401.

7.2 Flattening resistance

Tubes shall be tested in accordance with 13.2.1, 13.2.2 and 13.2.4. When flattened
until the distance between two platens H reaches the value obtained by Formula (1),
the test piece shall be free from cracks.

N+el ¢
H= g TTTTemTEserasinieninsissisississssissssisessissssisesesees (])
e+—
D
where, H: distance between platens (mm)
¢+ wall thickness of tube (mm)
D outside diameter of tube {mm)

¢ . constant for each grade of tube

STB340 : 0.09

STB510: 0.07

NOTE  For the details of flattening test, see 13.2.4.

7.3 Flaring property
Tubes shall be tested in accordance with 13.2.1, 13.2.2 and 13.2.5. When flared into a

NOTE  For the details of flaring test, see 18.2.5.
7.4 Reverse flattening resistance

8 Selection of hydraulic test characteristics or non-destructive test characteristics

Tubes shall be subjected to the hydraulic test in accordance with 13.3 or the
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non-destructive test in accordance with 13.4, and their characteristics shall conform to
either of the following. The decision on which characteristics to be tested shall be left to
the discretion of the purchaser. If not specified by the purchaser, it shall be left to the
discretion of the manufacturer.

a) Hydraulic test characteristics, as follows.

1) When a hydraulic test pressure is not specified by the purchaser, the tube shall be
subjected to the minimum hydraulic test pressure Pecalculated by Formula (2) (10

¢+ wall thickness of tube (mm)

D outside diameter of tube (mm)

stress given in Table 4 (N/mm?)
2) When a hydraulic_test pressure is specified by the purchaser, the tube shall be

fied by the purchaser is greater than either the test pressure P calculated by
Formula (2) or 10 MPa, the test pressure to be applied shall be as agreed between

b) Non-destructive test characteristics Tubes shall be tested by either the ultrasonic

examination or the eddy current examination, and their non-destructive test char-

current examination,

NOTE  Other non-destructive tests in accordance with JISs include the test

1) For the ultrasonic examination characteristics, the signals from the reference
sample containing Category UD reference standard specified in JIS G 0682 shall

than cold finishing, the minimum depth of square notch shall be 0.3 mm.

2) For the eddy current examination characteristics, the signals from the reference

than the alarm level,
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9 Dimensions, unit masses and dimensional tolerances
9.1 Dimensions and unit masses

The outside diameters, wall thicknesses and unit masses of tubes shall be as given in
Table 6. Dimensions not specified in Table 6 may be used upon agreement between the
purchaser and the manufacturer. In this case, the unit mass shall be calculated by
Formula (3), assuming 1 em? steel to be 7.85 g, and the result shall be rounded to 3

t.: wall thickness of tube (mm)
D:  outside diameter of tube (mm)

0.024 66 : unit conversion factor for obtaining W

NOTE _ The unit mass values in Table 6 are the results of the calculation given
above,
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Table 6 Outside diameters, wall thicknesses and unit masses of carbon steel tubes for
boiler and heat exchanger

Unit: kg/m
Out Wall thickness
side {mm)
diam-
eter [ 1.2 | 1.6 | 200 | 23 | 26 | 29 | 32|35 | 40| 45 | 50 | 55 | 60 | 65 | 7.0 | 8.0 | 95 |11.0| 125
(mm)
15.9 1 0.435] 0.584| 0.686) 0.771| 0.853( 0.930
19.0 J0.527| 0,687 0.838) 0.947| 1.05 [1.15
21.7]0.607| 0.793| 0.972] 1.10 | 1.22 [1.34 |1.46
25,4 10.716|0.939) 1.15 |1.31 |1.46 [1.61 |1.75]|1.88
27.210.768)1.01 |1.24 |1.41 [1.58 [1.74 |1.80|2.05] 2.29
31810906 1.19 | 1.47 | 1.67 | 187 [2.07 [2.26)|2.44| 2,74 3.03
34.0 1.28 |1.58 |1.580 |2.01 |2.22 [2.43[2.63] 2.96| 3.27| 3.58
38.1 1.44 | 1.78 |2.03 | 228 252 |2.75(2.99) 3.36] 3.73| 4.08] 4.42
429 201 |2.29 | 257 [2.85 |3.12]3.38)] 3.82| 4.24| 4.65| bH.05] 5H.43
45.0 212 1242 | 272 | 3.01 [53.30)3.68) 4.04] 449 4.93| 5.36] 577 6.17
48.6 230 1263 | 205 | 327 |53.58|3.89) 4.40| 4.89) 5.38| h.Bh| 6.30[ 6.75) V.18
a8 241 |2.75 [3.09 [3.43 |3.76|4.08| 4.62| 5.14| 5.65| 6.14| 6.63| 7.10| 7.56| 8.44| 9.68| 10.8[ 11.8
4.0 256 | 293 (330 | 365 | 401436 4.93| 549) 6.04| 658 7.10| 7.61| #£11| 9.0710.4 | 11.7| 12.8
ol 272 1411 (349 | 388 | 425463 5.24| 5.84) 6.42( T.00| T.56] 8.11| B.E5| 969 11.2 | 12.5| 13.7
63 2EE 1329 | 370 | 410 [451]4.90) 5.55| 6.19| 6.82( 7.43] 8.03 862 9201103 (11.9|13.4| 14.7
63.5 3.47 |3.90 | 4.33 [4.76|5.18] 5.87| 6.55| T.21| T.87| B.51| 9.14| 9.75]10.9 | 12.7 [ 14.2] 15.7
65.0 .56 | 4.00 | 4.44 [4.88[5.31) 6.02] 671 7.40] 807 £73] 9.38[10.0 | 11.2 ) 13.0 [ 14.6| 16.2
70.0 3.84 |4.32 | 4.80 [5.27|5.74] 6,51 7.27| 8.01] 875 9.47|10.2 [10.9 |12.2 |14.2 | 16.0] 17.7
T6.2 4.19 | 4.72 [5.24 |5.76|6.27) 7.12| 796 B8] 959)10.4 [11.2 |11.8 |15.5[16.6 | 17.7|19.6
H2.6 627|683 7.76] BET| 957106 | 113 122 [13.1 | 14.7[17.1 | 19.4| 21.6
88.9 696|787 847 94371003 [11.3 |12.3 |13.2 [14.1 |16.0[18.6 | 21.1 | 253.6
101.6 H.47) 963|108 [11.9 |13.0 [14.1 [15.2 |16.3 | 185 (21.6 | 24.6| 27.5
114.3 1009 12,2 |183.5 [14.8 |16.0 |17.3 [18.5 |21.0|24.6 | 28.0| 31.4
127.0 12.1 [13.6 [15.0 [16.5 |17.9 [19.3 |20.7 |23.5|27.5|31.5|35.3
139.8 18.2 [19.8 [21.4 |22.9 [26.0 [30.5 | 34.5] 30.2

NOTE  The standard unit mass is used in transactions. The standard unit mass is to be the value given in this table

increased by 15 % for the hot-finished seamless steel tube, by 10 % for the cold-finizshed seamless steel tube, and
by 9% for the electric resistance welded steel tube,

9.2 Dimensional tolerances

The dimensional tolerances for tubes shall be as follows.

a) Tolerances on outside diameter of tubes shall be as given in Table 7.

b) Tolerances on wall thickness and eccentricity of tubes shall be as given in Table 8.

¢) Tolerances on length of tubes shall be as given in Table 9.
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Table 7 Tolerances on outside diameter
Unit: mm
Hot-finished
electric o yam 1
Outside Hot-finished Cold-finished resistance welded ("015:;?1:?{1;“‘{1
. seamless steel seamless steel steel tube and as . ’
diameter range tube tube electric resistance welded
resistance welded steel tube
steel tube @

Under 25 +0.10 +0.15 +0.10
26 or over to - -
and excl. 40 +0.15 +0.20 +0.15
40 or over to ] o= .
and excl. 50 o +0,20 +(.25 +0.20
ZE;ZE:{‘;B“ 0.8 £0.25 £0.30 £0.25
60 or over to . .
and exel. 80 +(.30 (.40 +0,30
80 or over to +0.40
and excl. 100 +£0.40 _0.60 +£0.40
100 or over to +0.40 +0.40 +0.40
and excl, 120 +0.4 —0.60 —(0.80 —0.60
120 or over to -1.2 +(.40 +{.40 +().40
and excl. 160 —0.80 —1.00 —0.80
160 or over to +i.4 +0.40 +0.40 +0.40
and excl, 200 —1.8 —1.20 —1.20 —1.20

i +0.4 +(.40 +0.40 +0.40
200 or over 9.4 _1.60 _1.60 _1.60

The tolerances on outside diameter in this table do not apply to local repaired parts,

Note «

For the electric resistance welded steel tubes which are finished by methods other

than cold finishing, the tolerances on the outside diameter of cold-finished electric
resistance welded steel tubes may apply when requested by the purchaser.

Table 8 Tolerances on wall thickness and eccentricity

Outside diameter

mm
Tolerance Wall thickness Hot-fimished Cold-finished Electric resistance
mm seamless steel tube | seamless steel tube | welded steel tube
Under 100 or Under 40 or Under 40 or
100 over 40 over 40 over
. al al +0.4 mm +0.3 mm
Under 2 0 0 0 0
2 or over to and +40 % al
excl. 2.4 0 0
Tolerance on [ 2.4 oroverto | +85% | +35% +22 % +18 %
wa nes:‘* and excl. 3.8 0 0 +20 % 0 +18 % 0
3.8 or over to +33% | +33 % 0 0
and excl. 4.6 0 0
+28 % +28 %
4.6 or over 0 0
Tolerance on 5.6 or over 22.8 % max. of wall B B
eccentricity ™ | 7 thickness

Note #
Note

The plus tolerance is not specified.
Eeccentricity is expressed by the ratio, in percentage, of the difference between the

maximum value and the minimum value of the wall thickness measured on the same
crosg-section of the tube to the wall thickness value specified in the order, This re-
guirement does not apply to tubes under 5.6 mm in wall thickness.
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Table 9 Tolerances on length

Outside diameter Length Tolerance on length

+7

7 m or under 0 mm

Over T m up to +10 mm
50 d and incl. 10 m 0

min or ulnder

Over 10 m up to +13 mm
and incl. 13 m 0
15

Over 13 m 13 mm
+10

7 m or under 0 mm

- Over Tm up to +13 mm
Over 50 mm and incl. 10 m 0
+1:

Over 10 m 1; mm

The tolerances on length may be ™) mm upon agreement between the purchaser
and the manufacturer.

10 Appearance
The appearance shall be as follows.

a) Tubes shall be straight for practical purposes with both ends at right angles to the
tube axis,

b) The internal and external surfaces of tubes shall be finished smoothly and free
from defects detrimental to use. For the electric resistance welded steel tubes, the
may specify the internal convex to be 0.15 mm or under for tubes of outside diame-
ter 50.8 mm or under and of wall thickness 3.5 mm or under.

¢) The surfaces of tubes may be repaired by grinding, machining or other methods,
provided that the wall thickness after repair is within the specified tolerance on
wall thickness.

d) The surface of the repaired part shall be smooth along the contour of the tube.

purchaser and the manufacturer shall be as given in Annex JA,

12 U-bent tubes

portion, measuring method of dimensions and hydraulic test characteristics of U-bent
tubes shall be in accordance with Annex JB.
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