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standard shall be taken as autharitative

1 Scope DIN-Normenheft 3

This standard applies to seamless tubes 1) including
tubes for headers of heat-resistant steels according to

Table 1 which are used in tha construction of boilers,

pipe-lines, pressure vessels and equipment for service up

to GO0 °C and at simultaneous high pressures, where the

tototal stress and the relevant scaling conditions can raise  Stahl-Eisen-

or lower the temperature limit. Prifilatt 1805
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Besides this is a copy and only for in-house purposes of

SMS Schioemann-Siemag AG. {acc. to DIN reference sheet 3)

2 Other relevant standards and documents Stahl-Eisen-

DIN 2391 Part 1 Seamless steel precision tubes, cold Prifblatt 1975

drawn or cold rolled; dimensions

DIN 2413 Steel pipes; calculation of watll
thickness subjected to internal Stahl-Eisen.
pressute Priifblatt 1918
DIN 2448 Seamiess steel tubes, dimensions
and weights Stahl-Eisen-
DIN 2915 Seamless and welded stael tubes Priifblatt 1919
tor water-tube hoilers; survey
GIN 2917 {at present circulating as draft) Stahl-Eisen-

Seamless steel tubes for superheated  Priifblatt 1926
steam mains and headers; dimensions
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Code numbers and material numbers
of ferrous materials in DIN Stanclards
and Stahl-Eisen Werkstoffblattern
{Beuth Verlag GmhH, Berlin and
Kdln; Verlag Stahleisen mbH,
Diisseldorf}.

Sampling and sarmple preparation
for the sample analysis of steels
{Verlag Stahleisen mbH, Dissetdorf)

Wltrasonic testing of tubes of heat-
resistant steels for longitudinal
defects (Verlag Stahleisen miH,
Disseldort)

Ultrasonic testing of tubes of heat-
resistant steels for transverse defects
{Verlag Stahleisen mbH , Dilsseldorf)

Ultrasonic testing of tubes of heat-
resistant steels for laminations
(Verlag Stahleisen mbH, Diisseldaorf)

Eddy current testing of tubes for
leak tightness
{Verlag Stahleisen mbH, Diisseldorf)

DIN 17007 Part 2 Material numbers; systemn of the Handbuch fiir das  Analysis of metallic materials,
principal group 1: steel Eisenhiittenlabora- Diisseldorf 1966 {Vearlag Stahl-

DIN 50049 Certificatas on material testings torium Band 2: eisen mbH, Dissaldort)

DIN 50115 Testing of metallic materials; Handbuch fiir das A 4.1 - Compilation of recommen-
notched bar impact bending test Eisenhiittenlabora- ded arbitration analyses,

DIN 50125 Tasting of metallic materials; tensile  torjum, Band & 8 - Sampling methods
test specimens, directions for their {Erganzugshand} G - Analytical methods, always the
preparation latest edition

DIN 50136 Testing ot metallic materials; {Verlag Stahleisen mbH, Dusseldort}
flattening test on tubes

DIN 50137 Iﬁsﬂﬂisf steel; ring expanding test 1} Ipy the case of tube_s for bailer parts which have tlu

DIN 50138 Testing of stesl; ring tensile test on satisty the “Technische Regeln fir Dampfkessel” -

’ ! TRD (Technical rules for steam boilars) published by
tubes the “Deutscher Dampftkesselausschuss” — DDA

DIN 50140 Testing of metals; tensile test for {German Steam Boiler Committee — DDA), these
tubes and strips from tubes without specifications will have to be additionally observed.
extensometer If required, the *“Technische Rageln fur Druckhbe-

DIN 5D 1456 Testing of metallic materials; hilter’” — AD-Merkbldtter {Technical rules for pressure
tensile test vassels) should also be taken into consideration.
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3 Definition

Steels possessing good mechanical properties even under
long-tirme stressing at high temperatures, up to 500°C,
shall be regarded as being heat-resistant at high
temperatures, for the purpase of this standard.

4 Classification

The standard covers tubes made from steel grades listed
in Table 1.

® The choice of the particubar steel grade is at the
discration of the customer {see Section 6.2).

5 Daesignation and ordering

6.1 The code numbers for the grades of steal were
formed in accordance with Sections 2.1.1.7 and 2.1.2.2
of the Exptanations to BIN Normenheft 3, and the
material numbers according to DIN 17 007 Part 2.

5.2 The code number or the material number for the
steel grade shall be appended to the symbol for the
product according to the following examplas:

Exampte 1:

Diesignation of a seamless steel tube of 38 mm outside
diameter and 2.6 mm wall thickness according to
DIN 2448 of steel 5t 35.8, material number 1.0305;

Tube DIN 2448 —51358--38 x 26
or Tube DIN 2448 —1.0305 —38 x 2.6

Example 2:

Designation of a seamless steel tube of 240 mm inside
diameter and 25 mm wall thickness according to

DN 2917 (at present circulating as draft) of steel

St 45.8, material number 1.0408:

Tube DIN 2917 — S5t 45.8 — 240 x 25
or Tube DIN 29017 — 1.0405 — 240 x 25

5.3 # The ordar shall not only specify the designation
according to Section 5.2 but also in every case the
desired total length and the desired acceptance inspection
certificate and for unatloyed steel tubes also the steel
grade. In addition, further details in compliance with
the other Sections marked with a dot {%} can be agreed
at the time of ordering.

6 Requirements

6.1 Manutfacturing process

G.1.1 Tubes to this standard shall be manufactured by
hat ot cold rolling, hot pressing, hot or cold drawing
{see Section 6.3.1).

® Note: Within the framewaork of the provisions in
Section 6.1.1 the tubemaking process is left entirely to
the discretion of the supplier unless otherwise agreed
at the time ot ordering {see e.g. Section 6,10.2.1.2.}

2)_Cln delivé'ry of sequentially cast material, such as is
the nurmal practice in continuous casting, the term
“cast” shall be replaced by the term “casting wnit”,
The concomitant alterations required in the relevant
particulars of this Standard still have to be worked out.

6.1.2 The steels used for tubes shall be made by the
oxygen blowing process, the open hearth furnace or the
electric furnace.

All steels shall be killed,

® Nota: Within the framework of the Provisions in
Section 6.1.2 the melting process is left entirely to the
discration of the supplier; on request it must be made
known,

6.2 CQuality gradas

6.2.1 The tubes can be supplied in two quality grades I
and ITI, which among others are characterized by different
extent of testing {cf. Table 3}, For tubes of unatloyed
steels both quality grades from Table 3 may apply, though
for alloy steal tubes, only quality I applies,

The higher requirements made an quality grade 3 tubes
generally call for special measures during melting or
processing (e.g. flame scarfing or peeling) or for &
particularly careful selection of casts,

6.2.2 * The choice of quality grade is left to the
customer, It depends on the operating loads. This chaoice
must conform with existing specifications or technicat
regulations such as the technical regulations for boiter
and superheater tubes, stay tubes for ships bollers

{TRD 102) issued by the Garman Stearn Boiler
Committee. The limits of applicability are specified in
Table 4 of this Standard,

6.3 Delivery conditions

6.3.1 The tubesshall be supplied suitably heat treated over

their entire length. The foHowing heat treatment shall be

used, depending on the type of steel:

— normalizing

— subwritical annealing

— hardening and termparing with continous cooling from
the hardening temperature and subsequent tempering,

— hardening and tempering with isothermal
transformation.

The condition for an efficient heat treatment is regarded

as satisfied in the cases of the steels St 368, 5t 45.8,

17 Mn 4,19 Mn 5 and 15 Mo 3, if hat working quarantees

a gaod and reasonably uniform structure, Under identical

conditions tempering instead of hardening plus tempering

may be adequate for steels 13 CrMo 44 and 10 CrMo 910,

Steels 14 MoV 63 and X 20 CrMoV 12 1 must always

be supplied in the hardened and tempered condition.

6.3.2 ® If the twbe surface is intended to be coated
with a corresion inhibitor providing protection far a
limited period, or if another spegial surface conditian is
desired for tubes intended for headers, this shall be
agreed at the time of ordering.

6.4 Chemical compasition

The chemical compesition ot steels hased on ladie
analysis 2) must correspond 1o Table 1. Minor deviations
from these valyes are permissible, provided they do not
impair the mechanical and technological properties,
according to the requirements in Tables 5 to 7.

In the case of vorification on the finished tube, daviations
according to Table 2 are permissible compared to the
thata in Table 1.




6.5 Mechanical propertices

6.5.1 The tensile strength, yield strength, efongation at
fracture and impact strength of the tubes at room
ternperature must s$atisfy the requirements set down in
Table §, and the 0,2% proof stress at elevated temperatures
must satisfy the requirements set down in Table 6. These
are valid for the delivery condition and for the relevant
testing conditions according to Section 8 of this Standard.

6.5.2 The 1% creep limits and creep strengths of the
steels are given in Appendix A to this Standard, The
figures represent the maan values of the scatter band
determined so far, These values will be checked
periodically and possibly revised after further test resuits
have been made available.

Note: The publication of the 1% creep limits and the
creep strengths up 1o the high temperatures quoted in
Appendix A does not mean that the steels are allowed

to he used up to these temperatures. This depends
primarily on the overall working conditions, in particular
on the scaling conditions.

6.6 Technological Proparties

The tubes shall conform to the requirements for the ring
test according to Section 8.6.5. Provisional data on the
expansion (change in diameter) in the ring expanding
test is given in Table 7,

No inadmissible defects (e.g. cracks, scale, laps and
laminations) must be visible in the tests,

6.7 Surface condition

The tubes must have a smooth external and internal
surface in keeping with the manufacturing process,

A distinction is to be made between hot worked and
cold warked finishes. The tubes shall be Tree from
perrmissible cracks, scales and overlaps. Minute protuber-
ances, deprassions or shallow longitudinal grooves
caused by the manufacturing process are permissible,
provided that the wall thickness remains within the
dimensional tolerances and the serviceability of the tubes
is not adversely affected. The removal of surface defects
of small depth by mechanical machining (e.g. grinding) is
permissible provided that the minimum wall thickness

i5 not exceeded,

6.8 Non-destructive testing

The requirements corresponding to the relevant Stahl
Eisen-Priifblattar {Testing Sheets) have to be satisfied
in the non-destructive tests according to Section 8.4.7
and Section 8.6.6.

6.9 Physical proparties

A special Stahl-Eisen-Werkstoffblatt (Material Data
Sheet) (Publisher: Vergin Deutscher Eisenhiittenleuta,
Postfach 8209, 4000 Diisseidorf} with data on the
physical properties, is in preparation,

6.10 Dimensions and permissibla deviations

on dimension and form
6.10.1 # Orders whare the dimensions are based on the
outside diameter generally comply with DIN 2448 and

DIN 2915, in special cases they can also be based on
DIN 2391, Part 1.
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Note; In cases where dimensions are ordered according
to DIN 2391 Part 1 it does not follow that the
permissible dimensional deviations in DIN 2391, Part 1
will be directly applicable {see Section 6.10.2.7.2 and
Section 6,10.2.3).

Orders can also be based on the inside diameter. In this
case the dimensions shall conform to DIN 2917 (at
present circulating as draft),

6.10.2 The following conditions apply to the parmissible
deviations on dimension and form of the tubes,

6,10.2.1 * For orders based on the outside diameter,
the permissible deviations on the outside diameter are
subject to the following provisians:

6.10.2.1.1 The following permissible deviations on the
putside diameter apply, except fir permissible deviations
on the outside diameter according to Section 6.10.2.1.2:

~ for outside diameters = 100 mm

— for non-profiled tubes £ 0,75 % (minimum L 0.5 mm)},

— for internatly and/or externally profiled tubes * 1.0%
{minimum + 0.6 mm),

— for outside diameters = 100 mm = 320 mm £ 0.90%,

— for outside diameters > 320 mm £ 1.0%

*® |f narrower diameter deviations have been negotiated
for the tube ends, the following values can be maintained
for the permissible deviations on the outside diameter
over a length of approximately 100 mm by means of
subsequent calibrating of the ends:
— for outside diameters = 45 mm = 100 mm + 0.4 mm,
- tor outside diameters > 100 mm = 200 mm = 0.5 %,
— for outside diameters = 200 mm + 0.6 %.

6.10.2.1.2 # The following permissible deviations on
the outside diameter apply 10 orders Tor cold worked
tubes:

— for outside diameters = 120 mm + 0.6 %

{minimum  0.25 mm},

- for outside diameters 2> 120 mm + 0.75 %.

In special cases narrower permissible deviations on the
itsicle diameter can be negotiated.

6.10.2.1.3 At points whare the tube surface has heen
repaired by mechanical machining {e.g. grinding}, e.g. as
a resutt of indications received during non-destructive
testing, it is permissible to exceed the minus deviation

by a smal amount over a length of not more than 1 m,
on condition that the permissible minimoam wall thickness
is retainad.

6.10.2.2 ® For orders based of the inside diameler, the
permissible deviation on the inside diameter is

+ 1%,

MNote: For tube ends intended for rolling-in, tighter
deviations on the inside diameter can be negotiated
between customer and manufacturer.

6.10.2.3 The permissble deviations on the wall thickness
of tubes listed in Table 8 apply for orders hased on the
outside diameter, and those i Table 9 for arders based
on the inside diameter.

® Subject 1o agreement at the time of ordering, cold
waorked tubes can be supplied with permissible wall
thickness deviations according to DIN 2381, Part 1,
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6.10.2.4 ® The permissible langth deviations are )isted
in Table 10,

6.10.25 The following applies for the permissible
deviations on form,

6.10.2.5.1 The avality of the tubes shall be within the
permissible deviations on the nominal diameter; tubes
af rectangular cr-ss section shall have 807 angles. The
tubes shall be straight to the eye.

® Special requirements on straightness are subject to
separata dqreement.

6.10.2.5.2 Theendsshall he cut if possible parpendicular
at the axis with a machining tool; they shall be free from
burrs.

6.10.2.5.3 The inner cornar radius of tubes for headers

5 .
with rectangular cross-section shall be » == 3 = 8 mm
(s = wall thickness),

6.10.25.4 The deflection { of the iateral faces of tubes
for headers with rectangular cross-section aver the
external lateral length & shall not exceed the vaiues in
Table 11,

6.11 Weights and permissible waight devistions

6.11.1 The weights per metre of tubing shall, wherever
possible, be taken from the relevant dimensionat standard,
with the exception of X 20 CrMoV 12 1 steel tubes.

6.11.2 If the tubes are of non-standard size on the
weights are not given in the dimensional standard,
weights shall be calculated from the nominal dimensions
with a density of 7.85 kg/dm3, with the exception of
stesl X 20 CrMoV 12 1.

6.11.3 The weight of C 20 CrMoV 12 1 steel shall be
calculated from the nominal dimensians with a density
of 7.76 kg/dm3.

6.11.4 The permissible weight deviations are as follows:
— for the individual tube * 1§ %,

— far a wagon load of at least 10 tonnes = 7.5%.

7 Heat treatment and subsequent processing

7.1 The reference data on the heat treatment
temperatures are listed in Table 12.

7.2 The steels can be not formed in the temperature
range botween approximately 1100°C to 850°C, where
the temperature may drop t¢ 750°C during the
processing operation. The regulations for hot forming
apply equally to fitting and straightening operations on
site during which a close watch must be kept on
termperature.

It would be axpedient to perform forging and upsetting
operations in the upper region of this temperature range
i.e. between 1100°C to 900 °C. Hot-bending and similar

tube forming processes shall be carried out in the lower-
ragion of this temperature range i.e. between 1000°C to
860 °C, where the ternperature may drop to 750°C
during the processing operation,

It the workpisce was heated above the normalizing
ternperature but not above 1000°C before the last hot
forming step or hot forming in a single step, and if the
hot forming operation is completed above 750°C, or,

if the deformation in the last step did not exceed 5%,
above 700°C no subsequent normalizing will be
required for the steels 5t 35.8,5t45.8, 17Mn 4, 19Mn 5,
and 16 Mo 3; the steels 13 CrMo 4 4 and 10 CrMo 9 10
have only to be tempered.

In the case of repeated and/or prolonged hot forming
operations at temperaturas between approximately
1000°C to 1100°C the workpiece shall be cooled to
temperatures below 350 °C before the last hot ferming
step is performed. The temperature of the named steels
rmust not exceed 1000°C in the subsequent hot farming
aperation_if normalizing or hardening and tempering s
to be dispensed with,

If the temperature of the final forming process lies
above 1000°C the steels 5t 358, 5t 45.8, 17 Mn 4,

19 Mn 5 and 15 Mo 3 shall subsequently be normalized,
and the steels 13 CrMo 4 4 and 10 CrMo 9 10 hardened
and tempered.

The steels 14 MoV 6 3 and X 20 CrMoV 12 1 shall be
hardened and tempered again after hot forming.

7.3 Tubes from steels according to this Standard can be
cold worked e g. bent, expanded, reduced and rofled-in,
though some allpwance will have to be made for the
high yield point and tensile strangth of the steels

X 20CrMoV 12 1 and 14 MaV 6 3.

MNo subsequent heat treatment is required after cold
bending, cold expansion and cold reduction with a
normal amount of cold forming 3),

Generally a minimum of 15 minutes annealing at the
temperatures specified in Table 13 suffices at higher
amounts of cold forming.

7.4 Thae steels refarred to in this Standard are weldable
{see DIN 8528 Part 1}. Table 13 contains references 1o
welding processes and data on the heat treatment of
tubes after welding.

8 Testing

8.1 Testing of initial material

For tubes of quality grade III (Table 3}, provided they
have been made from pre-rolled round or square steel,
an etch test is to be carried out on a dise in order 10
determine whether the crop end has been cut off far
enough. This dist is sliced from the crop end of every
round ar square bar originating for ane ingot. At the
choice of the manufacturer an ultrasonic test for piping
can he employed instead.

3} Consuit the VGB-Instructions issued by the Association
of operators of L arge Power Stations {Technische
Verginigung der Grosskraftwerksbetreiber — VBG) on
the manufacturing and supervision of heavy-duty
steam boilers {available from the VGB-Dampftechnik
GmbH, Essen)




B2 & Acceptance testings

Tubes to this Standard are only supplied with acceptance
testings 1). The type of acceptance testing certificates
actording to DIN 50 049 shall be agreed at the time of
ordering. The acceptance testing 1) is subject to the
requirements in Sections 8.3 to 8.8. In addition the
requirernents of Sections 8.5 and 8.6 apply also for
subsequent testings in response to complaints,

8.3 Generat test conditions
8.3.1 All testings including acceptance shall be carried

out in the manufacturers works such that the production
flow is not unngcessarily impeded.

8.3.2 The manufacturing works shall take steps to
prevent rejectad tubes and those the repair of which is
not parmissible from being despatched to customar.

8.4 Extent of testing (see also Table 3)

8.4.1 The tubes shall be tested in batches, They shal!
be divided inte batches of 100 tubes according to the
grades of steel, guality grades and dimensions and in

the case of alloy staels, if possible, according to cast,

For tubes up to an outside diameters = &1 mm the tubes
must come from the same heat-treated batch,

Surplus amounts of up to 50 tubes shall be distributed
evenly between the individual batches. Number of pieces
and surplus amounts between 51 and 100 tubes shall be
considered as a complete batch.

8.4.2 ® Inthe event of subsequent testing of the
chemical composition of the finished tube having been
agreed 1o at the time of ordering, this will nermally
consist of one testing per cast and delivery,

8.4.3 For the tensile test two tubes shall ba tested from
each of the first two batches, in accordance with Section
8.4.1, and one tube from each subsequent baich chaosen
by the inspactor,

If a delivery consists of a batch containing a maximum
of 10 tuhes, only one tube shall be taken.

B.4.4 The absarbed energy shall be tested on the tubes
selected according to Section 8.4.3 provided their
nominal wall thickness has the following values:

for steel 14 MoV 6 3 and X 20 CrMoV 12 1 2> 10 mm,
for the steel 16 Mo 2 = 20 mm,

for all other steels = 30 mm.

845 & If the 0.2 %-yield limit at elevated terperature
is to be tested, this must be stated in the order together
with the required test temperature; this extent of
tasting shall be carried out on one specimen par cast
anet dimension, unless otherwise agreed.

8.4.6 The tubes shall be ring-tested (see Table 14).

8.4.6.1 Quality grade I tubes selected according (o
Section 8.4.3 shall be ring-tested (allowing for the
dimensions quoted in Table 14} using spacimens taken
from one end,

8.4.8.2 Quality grade III tubes shall be ring-tested on
the rolled lengths sHowing for the dimensions quoted
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in Table 14, with an extent of testing applicable all steel
grades except for the steels 14 MoV & 3 and

X 20CrMoV 12 1:

for tubes with an outside diameter = 51 mm in

Section §.4.6.2.1

and

for tubes with an outside diameter > 57 mm in

Section 8.4.6.2.2,

The extent of testing according to Section 8.4.6.2.3
applies far tubes of all dimensions of the steel grades
14 MoV 6 3 and X 20 CrMoV 12 1.

At a subsequent subdivision of the rolled lengths into
partlengths ne further test specimens nead to be taken,
provided suitable marKings show that the part-lenghts
belong to the tested rolled length. If this cannot be
guarantead, the tastings on the rolled lengths shall be
dropped and in their stead the part-lengths shall be
tested as rolied lengths.

8.46.2.1 20% of the rolled lengths of Grade 11l tubes
%571 mm outside diameter - except tubes of steels

14 MoV G 3 and X 20 CrMoV 12 1 — shall be tested at
one end, .e. random-wise such that the 20% of the
tubes requiring testing are chosen arbitrarily from the
total batch. It ring-testing is performed on part lengths,
which are not related to rolled lengths, 20 % of the part
lengths shall be tested random-wise [see above) at one
end. As far as heat-treated tubes are concerned steps
must be taken to ensure that the part lengths come from
hatches which had been subjected to the same heat
treatment, As far as tubas with hot-formed ends are
concernad {see Section 6.3.1, paragraph 2} steps must be
taken to ensure that the part lengths belong to batches
from the same production run, i.e. an identical heating
practice.

8.4.8.2.2 Quality grade 1II (ubes == &1 mm outside
diameter shall be ring-tested at both ends of each rolled
length. Each partlength which is not related to the rolled
length, shall be tested at both ends,

Each part length from tubes > 51 mm outside diameter
can also be ring-tested at one end only provided it has
bean verified once for the relevant manufacturing process
and manufacturing works that the ring test performed
on one end of a part length furnishes the same
information as the information gained in a test with ring
specimens taken from both ends of the original roiled
length.

8.46.2.3 Each rolled length from quality grade II1
tubes manufactured from the steels 14 MoV 6 3 and
X 20 CrMoV 12 1 shall be ring-tested at both erds,
independet of the twhe diameter. The same applies to
tha testing of part lengths.

8.4.7 The manufacturer shall nan-destructively test

all quality grade 111 tubes for longitudinal defects,

* A supplementary non-destructive testing for transverse
defects and/or laminations can also be agreed on when
ordering.

848 The internal and external condition of gach tube
must be checked.

B.4.9 The wall thickness, and depending on the order,
either the outside diameter or the inside diameter shail
te checked,
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8.4.10 All tubes shall be tested for leak tightness; that
is at the discretion of the manufacturer either by an
hydraulic test or by a suitable non-destructive testing
(e.g. Eddy current aceording to Stahl-Eisen Testing Sheet
1925),

8.4.11 The manufacturer shall submit all allay steel
tubes to an appropriate material identification testing.

8.5 Sampling

8.5.1 * |t an agreement has been reached in the order
ta check the chemical analysis of finished tubes, for wet
analysis the required turnings must be taken over the
entire wall thickness of the tube; an appropriate
procedure shall be adopted for spectro-analysis 4.

8.5.2 Flat testpieces in accordance with Section §.4.3
normally extending aver the entire wall thickness and cut
longitudinally from the tubes shall be used for tensile
testing. The testpieces must not be heat-treated nor
straightened over the gauge length, The removal of local
inequalities from the flat testpieces is permissible, but
the rolling skin must be allowed to remain as far as it is
possible an the thinnest sections of the test-piece,

Small diameter tubes can he tested as a whole,

The tensile test on tubes of =200 mm outside diameter
can be done on transverse test specimen, provided this

is compatitrle with the tube dimensions without requiring
straightening. In this case a tube ring shall be cut off and
halved,

8.5.3 A set of three DVM-specimens is taken in a
transverse direction from the tubes selectad according to
Section 8.4.3 for the notch impact/bending test, The
notch impact/bending specimens shall be taken in
langitudinat direction from tubes of - 200 mm outside
diarmneter.

854 ® Section B.5.2 applies logically in cases where
agraement has been reached in the order an the determi-
nation of the 0.2 %-yield ¥mit at elavated temperatures;
since, where possible, hot tensile tests are narmally
performend on raund test specimens sampling requires,
it the occasion arises, prior agreemant.

85.5 The specimens far the ring tests shall be taken
according to DIN 50 136 iring flattening test),

DIN B0 137 {ring expanding test} and/or DIN 50 138
(ring tensile test) (see Table 3).

4} The sampling practice conforms, as a rule, to Stahl-
Eiscn-Prifblatt 1805 - Probenabme und Probenvor-
hereitung fir die Stickanal yse bei Stahlen - (Sampling
and sample preparation for the sample analysis of
steels) — (Publisher: Verlag Stahleisen mbH, Dissel-
dorf),

Handbuch fiir das Eisenhiittenlaboratorium {Handbook
for the Ferrous Metaliurgy laboratory), Vol. 2: Die
Untersuchung der metallischen Stoffe (The testing

of metallic materials), Dusseldarf; Verlag Stahleisen
mhbH, 1966 Vol. 5 {(supplement): A 4.1 - Aufstellung
empfohlener Schiedsverfahren {Compilation of
recommended arbitration analyses), B - Probenahme-
verfahren {Sampling methods), C — Analysenverfahren
{Analysis methods), always the latest edition {Verlag
Stahleisen mbH, Dhisseldorf).

5

B8.5.68 All specimens for the tests according to Sections
8.6.2 1o 8.6.6 shall be adequately identifiable in order to
show which tubes and specimens go together.

86 Applicable test methods

8.6.1 The chemical composition shall be tested
according to the methods 5} prescribed by the “Chemiker-
ausschuss des Vereins Deutscher Eisenhiitienleute’”
{Chemists Committes of the Association of German
Ferrous Metallurgy Engineers).

8.68.2 The tensile test shall he carried out according to
DIN 50 145 using the short praportional test bar
according to DIN 50 1256 or with specimens according to
DIN 50140

8.6.3 The notch impact/bending test shall be carried
out at room temperature in accordance with BDIN 50115
using DVM-specimens. The notch shall be cut vertically
to the longitudinal axis.and the surface of the wbe.

86.4 The0.2 %-yield limit at elevated temperature is
determinad in accordance with DIN 50 1465,

865 Tha ring tests shall be carried out in atcordance
with the standards covering the annular flattening tests,
ring expanding tests and ring tensile tasts listed in
Section 8.6 5.

8.6.5.1 The ring expanding tast shall be carried out
according to DIN 50137 where the change in the
diameter of the specimen expandad to fracture shall also
be measured. The evaluation of the deformability of
ring axpanding spacimens is based on the appearance of
the fracture and the fracture surfaces,

8.6.5.2 In the annular flattening test according to
DOIN 50 136 the specimens or tube ends shal|-be squieezed
unti! the definite distance H is reached between the
pressure plates. For this distance H in mm applies,
(1+e) -5
ctsidy

Where s — wall thickness in mm, 4, = outside diameter
irt mum and ¢ 1§ a constant, For the steel 5t 35.8 the
c-constant is 0.09, for the steels 51 45.8, 17 Mn 4,

19Mn 56, 15 Mo 3,13 CrMo 4 4 and 10 CrMo 9 10 it is
0.07 and for tha steels 14 MoV 6 3 and X 20 CrMoV 121
it is 0.05,

# |f the ratio s/dg is greater than .15 the distance
hetween the plates shal! be negotiated.

If an annular flattening test is perfarmed according to
Section 8.4.6 the test can be continued to fracture or
until a crack appears, so as to make it possible to assess
the appearance of the fractured surface, The decisive
factar is that the prescribed distance between the plates
is reached without cracking

8.6.6 ® The non-destructive test shall always be carried

out before the ring specimens are cut off.

Mon-profiled tubes shall normally be ultrasonically

tested i.e.

a) according to Stahl-Eisen Test Sheet 1915 when
testing tubes of = 10 mm outside diameter, for
longitudinal defects.

B according to Stahl)-Eisen Test Sheet 1918, after
agreement has been reached, on testing tubes having
an outside diameter 2> 133 mm, for transverse defects.




c) aceording to Stahl-Eisen Test Sheet 1919, after
agreement has been reached on testing tubes having
an outside diameter > 133 mm and a wall thickness
> 8 mm, for laminations.

In cases in which the aforementioned testing methods
are not applicable (such as when testing profiled tubes
or tubas having outside diameters <. 10 mm for
longitudinal defects}, agreement on the relevant testing
method will have to be reached at the time of ordering.

8.6.7 Visual inspection ) with the naked eye requires

that:

a) the whole external tube surface shall be examined in
suitable lighting for surface defects,

b) the entire inner tube surface shall be examined in
suitable lighting from both wbe ends for surface
defects.

The surface finish of the tubes should permit detection
of significant defects. For quality grade 1II tubes this
generally denotes daescaled surfaces, unless the chosen
method of production or heat treatment ensuras a
suitable surface finish for visual inspection and ultrasonic
1\sting.

B.6.8 The dimensions shall be checked with suitabla
instruments.

B.6.9 ® Whencheckingleak tightnass, internal hydraulic
testing with water (refer to Section 8.4.10) shall
genarally be cartied out at a uniform pressure of 80 bar.
Higher test prassures require prior agreement. The test
pressure shall be limited so that the yield point at 20°C
will not be reached or exceeded (ct. DIN 2413 June 1972
edition Section 4.6). In the case of thin-walled large
diameter tubes this will already have to be considered at
pressuves of 80 bar.

8.7 Re-tastings

8.7.1 |f one of the selected tubes fails to pass the tests
according to Sections B.6.2 {tensile test) and B.6.3 (notch
impact/bending test) and in the case of quality grade i
tubes according to Section 8.6.5 (ring test} it shail

be rajected, and two further tubes shal! be taken from
the batch and the tests repeated. In these new tests each
tube must satisfy the requirements, otherwise the

whole batch must be rejected,

B.7.2 |f one specimen, taken at random, from a rolled
lenght or part length of quality grade TII tubes of

=51 mm outside diameter according to Section 8.4.6.2.1
fails in the ring check test, the test shall be repeatad on
the same end of the relevant rofled length or part length.
If this replacement specimen proves Unsatisfactory,

the relevant rolled length or part length shall be rejected
and the test rapeated at one end of a further 20 % of

the rolled lengths or part lengths of the batch. {t another
specimen fails again, the test will have to be extended

to all rolled {angths or part lengths of the batch. Rolled
lengths or part lengths which fail in the ring test shall be
rejected.

1) See page 1
6) A proven, suitable non-destructive testing process can
also be used instead of the visual inspection method.
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If one ring test speciman from a rolled lenath or part
length fails in single tests on quality grade I

tubes according to Sections 8.4.6.2.2 and 8.4.6.2.3 the
tast shall be repeated on the same rolled length or part
length, I this specimen also fails, the relevant rolled
length or part length shall be rejected. On rejection of
one rolled length it is left to tha discretion of tha
manufacturer to ring test the corresponding part lengths.

8.7.3 If the unsatisfactory test results were due to
unfavaurable heat-treatment, it is at the discretion of

the manufacturer’s works to submit tha rejected batch

to further heat-treatment and re-submit it for acceptance.
The manufacturer's works are entitled to remove the
defects detectad in the tasts according to Sections 8.4.6
{ring test] 8.4.7 {non-destructive test) and 8.4.8 (visual
inspection} by suitable means and to re-submit the tubes
for acceptance.

88 Test cartificates

8.8.1 ® The acceptance test 1) shall be certified by an
Acceptance Inspection Certificate A, B, or C, according
to DIN 50049, Section 3 {July 1972 edition),

Note: The certificates shall give the full wording of the
identification marks, according to Section 9.1,

88.2 e If certificates raquire to be issued only far part
of the requirements guaranteed by Acceptance lnspection
Certificates A or C according to DIN 50049, the
manufacturer shall additionally confirm in an Inspection
Certificate according to DiN 60049 and for quality
grade 11 tubes in an Acceptance lnspection Certificate B
according to DIN 50 049, that the tube material
corresponds in steel grade and steel quality to DIN 17 175,
that all tubes have passed the leak tightness test and
have an unobstructed bore, that they have been correctly
annealed, or hardened and tempered over their entire
lengths in a manner consistent with the tube material,
and that quality grade L] tubes have been manufactured
from roughed-down squares or rounds, that an etch test
or ultrasonic test was carried out, that the chemical
compasition was determined according to the ladle
analysis and, if agreed at the time of ordering, also the
stealmaking process be quoted. With tubes of quality
grade III the carrying-out of an ultrasonic test has to be
aditionally stated in the Acceptance Inspection
Certificate B according to DIN 50 049.

9 ldentification of the tubes

9.1 The finished tubes shall be marked approximately
300 mm from the end.

The identification consists normally of a stamp mark.
Another identification practice may be adopted for
thin-walled tubes. The following identification marks
shall be applied '

on both ends:

material designation {Code No of grade of steet), for
unalloyed stesls the quality grade {unless guality grade 1),
the trade mark stamp and

the inspectors starmp;

on one end:

the cast number or an identifying mark for the cast,
applicable only for steels 15 Mo 3, 13 CrMo 4 4,

10 CrMo 910, 14 MoV 6 2 and X 20 CrMoV 12 1 for
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tubes of = 159 mm outside diameter 7); in addition, the
tube number for quality grade IIT tubes.

8.2 The stamp mark can he made more conspicuous
according to Section 9.1 e.g. by a colaured line; the lines
of tha colour identification may be used for this,

10 Complaints

10.1 External and internal defects justify complaints, it
they seriausly affect the workability and serviceability
of the type of steel and shape of the product,

Further standards

10.2 The customer shalt give the supplier an opportunity
o prove B) that the complaints were justified, preferably
by submission of samples from the unsatisfactory
matarial delivered.

7} This limit applies also for tubes orders based on the
inside diameter, provided the nominal outside
diameter = 159 mm,

B) See also: Explanations to the “Complaints Clause” in
Cuality Standards for Iron and Steel. DIN-Mitt. 40
{1961), No 2, p. 111/112.

DIN 2401 Part 1 Components under internal or external pressure; pressure and temperature data; definitions, neminal

pressure ratings

DIN 8528 Part 1 Weldability; metallic materials, definitions
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Table 2. Parmissible deviations in the chamical composition of the
sample analysis from the limits quoted in the cast analysis
(see Table 1}
Parmissible deviation 1}
Limits quoted in of sample analysis
cast analysis from the limits
Element according to Table 1 quoted in the cast
analysis according
to Table 1
Weight % Weight %
C =0,24 + 0,02
. =035 +0,03
B >0,35 = 0,60 4 0,04
=100 + 0,04
Mn -
. 1 »100=1,30 £ 0,08
g =0,040 +0,010
T =200 006
Cr =200 %2,50 + 0,07
%.';1(._)_,{][) = 12560 19_1 b
Mo %0,30 + 0,03
. | »o3p=i2 | £004 |
Ni | 030=080 1 +003
v 0,22 =0,35 + 0,03
1) 1n a cast the deviation of an ¢lement in a sample analysis is
permitted to be below the minimum value or only above the
maximum value of the range stipulated for the cast analysis,
though not both at the same time.
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Table 3. Scope of tests for seamless tubes in both guality grades and authority for the execution of the testings

Autharity
for the
N Acc. to . . .
0 Tests . Quality grade | Quality grade II execution
Section of the
testings 1)
1| Tensile test2) 843 on two tubes par batch on two tubes per batch 5. A
from the first two batches, | from the first two batches,
on one tube from each an one tube from each
subsequent batch subsequent batch
2 | Notch impact/bending B.d4.4 on tubes accarding to No 1| on tubes according to No 1 5. A
test 3)
3 | Ring test?d) B.4.6 on one end of the tubes depanding an the diameter 5. A,
according to No 1 {see Section 8.4.6) on
20% of the rolled or part
langths at one and, or on
100 % of the rollad or
part lengths at both ends,
if necessary though also at
one end
sea Section 8.4.6.2.2,
4 | Non-destructive test 84.7 all tubes M. W.
5 | Visual inspection of 84.8 all tybes all tubes 5 A
tube surface
6 | Gauging 849 all tubes all bas 5. A,
7 | Leakage test 84.10 all mbaes all tubas M. W.
B | Grade identification test 8411 all alloy tubes M. W,
Special tests %)
No 9, No 10
9 | Control analysis B42 subject ta agreement subject to agreement M. W,
10 | Hot tensile test B45 unless otherwise agreed unless otherwise agreed 5. A,
1 specimen per cast and 1 specimen per cast and
size or size or
1 specimen per cast and 1 specimen per cast and
annealing batch annealing batch
{heat-treatment batch) {(heat-treatment batch}
1) 5. A, - Subject to agreement; M. W, = Manufacturing Works,
2) 1 specimen or 1 set of specimens suffices for batch sizes of up to 10 tubas,
3) The particulars on the size ranges governing the application of these testings in Table 14 shall be complied with.
4) ® Special tests shall only be carried out, after an agreement has been reached between the manufacturer and
customer,
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Table 4. Limits govarning the application of quality grades [ and 111

Chitside diameter

_ =635 mm = 683.5mm
Quaht1y Permissible Permissible
gracle 1) Temperature ) working Temperature 2) working
pressure 3) pressure 3)
°G bar oz bar
I =450 = 80 =450 =32
1 > 450 =80 =450 =32

1) If pressure and temperature data do not belong to the same group,
the higher group applies,

2} Temperature of convayed fluid,

2} See DIN 2401 Part 1.

Table 6, Mechanical properties of seamless tubes of heat-resisting steels at room wemperature

Tensila Yield point ), 2} Elongation at impact strength
Steel grade strength for wall thickness in mm i L‘fjric;u'rzn }  |{PVM specimens 3
Mate. - =16 ‘:}an i:m}w =60 | long. ‘}1 transv, transzerse
Code number rial

nurmber minimum indrrum minimum
St35.8 1.0305 | 380 to 480 235 225 215 25 23 3@
$1458 10405 | 41010530 | 265 245 235 | 21 | 19 27
(17 Mn 4 1.0481 | 46010580 | 270 270 260 23 21 - 34
19 Mn5 10482 | 51010610 | 310 310 300 | 19 | 17 34
(16Mo3  |15415 | 45010600 | 2709) 270 | 20 | 22 | 20 34
13CrMo44  |1.7335 | 440 to 580 2904) 280 280 22 20 34
10 CrMo 9 10 17380 | 45010600 | 280 " 280 270 20 18 - 34
14 MoV 6 3 1.7715 | 460t0 610 320 320 310 20 18 41
| X 20 MoV 12 1 1.4022 | 690 to 840 490 a90 | 490 17 14 34 5)

1} For tubes of = 30 mm outside diameter and =3 mm wall thickness the minimum values arg by 10 N/mm2 lower.

2) For 2> 60 mm wall thicknass, the values of tubes from the steels 5t 35.8, 5t 45.8, 17 Mn 4, 19 Mn 5,
15 Me 3 and 14 MoV 6 3 are subject to agreement; for wall thicknesses = 60 to0 = 80 mm a minimum value of
278 N/mm? or 260 N/mm? applies for tubes from tha steels 13 CrMo 4 4 and 10 CrMo 9 10 and a minimum
value of 490 N/mm? for tubes from the steal X 20 CrMoV 121,

3] Whan testing langitudinal specimens (see Section 8,6,3) the minimum impact strength is 14 J higher.
4 A 16 N/mm?2 higher minimum value applies for = 10 mm wall thicknesses,
5 For hot-extruded tubes the minimum value falls to 27 .,




Tabte 6. Minimum 0.2 % yield limit of soamless tubes at elavated tamparatures
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0.2 %-yield limit
Steel grade Wall thickness at
§ 200 °C | 250 °C | 300 °C | 350 °C | 400 °C | 450 °C | 500 °C | 550 °C
Code number Mawl?a: mmm N/mm2
numbe minimum
=16 185 | 165 | 140 | 120 | 110 | 108 - -
St 35.8 1.0305 | 16<s =40 180 | 160 | 135 | 120 | 110 | 105 - -
40 < s =60 ) 1756 165 130 115 110 105 —
=16 205 | 185 | 180 | 140 | 130 | 125 - -
5t 45.8 1.0405 | 16 <5 =40 195 | 175 | 155 | 138 | 130 | 125 - -
A0 <s Sg071) | 190 | 170 | 150 | 135 | 130 | 125 -
=40 235 | 215 | 175 | 156 | 145 | 135 | — | —
17Mn 4 10481 0 o =goy | 225 | 205 | 165 | 150 | 140 | 130 | — -
=40 255 | 235 | 206 | 180 | 160 | 150 - —
19 Mnd 10482 | o =e0t) | 245 | 228 | 195 | 170 | 185 | 145 | - _
=40 2} 226 | 205 | 180 | 170 | 160 | 155 | 1860 -
15 Mo 3 18416 | s =gny | 210 | 195 | 170 | 160 | 150 | 145 | 140 -
=402) 240 | 230 | 215 | 200 | 190 | 180 | 175 -
13CrMo 44 17335 | 490 <s S60 230 | 220 | 205 | 190 | 180 | 170 | 165
80 < 5 =80 220 | 210 | 195 | 180 | 170 | 180 | 155 -
=40 245 | 240 | 230 | 215 | 205 | 195 | 185 -
10 Crio 9 10 17380 | 40 <5 S60 235 | 230 | 220 | 206 | 195 | 186 | 175 -
60 <5 <80 225 | 220 | 210 | 185 | 185 | 175 | 165 -
h s =40 | 270 | 255 | 230 | 215 | 200 | 185 | 170 | —
14 MoV & 3 VIT5 | po<s=apny | 260 | 245 | 220 | 205 | 180 | 175 | 160 -
X 20 CrMoV 12 1 | 1.4922 =80 430 | 415 | 390 | 380 | 360 | 330 | 200 | 250

1} For wall thicknesses greater than 60 mm the values are subject to agreement.
2} For wall thicknesses = 10 mm, 18 N/mm? higher minimum 0,2 % yield limits apply at all temperatures,
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Table 7. Provisional data 1) {change in diamater) in the ring

expanding test.

Steel grade | =0.9 l =08 Igm

Expansion 2} in ring expanding test
{provisional data)
For diameter ratios d,/d,
=06 | =058
<07 | <086 l < 0.5

<09 | <08
%
minimum
unalioyed steels a 10 12 20 25 30
alloyed steels 2] 8 10 15 20 30

fracture and fracture surfaces.

1) These values shall be regarded as initiak recommendations which
are based on a series of tests and will have to ba
re-azsessed in the light of future experience.

2) The deformability of ring expanding test specimens will
additionally be assessed in terms of the appearance of the

Tabte 8. Permissible wall thickness deviations for orders based on the outside diarneter

Permissible wall thickness deviations

faor outside diameters o,

d, =130 mm | 130 mm < dy =320 mm 320 mm < ¢f, T 660 mm
and wall thicknesses &
=2"8n DS TIE A sy ara, [E005d,| oo0sd,<CsZoa1d, k0a1d,|=006d,| 006d,<sE009d, |F009d,
HT'I'S Wy + 12,5 % 4% 1178 % +125 % +10w |+ 225 % +125%
10 % —10 % - ~125% - 12,5 % -0 %
Mate: 55— Mominal wall thickness according o DIN 2448

Table 9. Permissible wall thickness deviations for orders based on the

bore

for inside diameter d;
=200 mm to = 720 mm

and wall thicknesses 5

Permissible wall thickness deviations

= 0,06 4, 005d; <5 =0.104d; 20,10 4;
+2265% + 16 % r12564%
-125% ~1256 % 10 %
Table 0. Permissibla daviations on langth
Permissitile
For grders specifying deviations ¢n length
in mm
Praduction lengths 1)
Random lengths + 500
Exact lengths
from = 6 m {nominal size) ' 13
from 6 m =12 m (nominal size) * 18

from>12m

subject to agreemeant

¥) The products are supplied in production lengths which differ
according to diameter, wall thickness and production plant.
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Table 11, Parmissible deflsction /
& binmm | =100 |>100 =200 )>200 =300 | > 300

finmm | =075 =1 =15 =2

Table 12. Refarence data for hot forming, normalising and hardening and tampering of high-temperature saamfass

tuba steels 1)
Steel grads ‘ Hardaning and temparing
Code number Material Hat forming Normalising tEI:;L?’::L‘J?g 2 t:l:'lrgsz:z?e
number ™ °C *C ac
51 36.8 1.0305 200 1o 930 — —
51458 1 0405 i 870 to 900 — —
17Mn 4 | 1.043‘i - BQD to 910 - -

lllllll 19 Mn5 1.64:.82 880 to 10 - ‘ -
oy fmmes | rens | RS | s10w000 - -
nE 13CrMo 4 4 1.7335 - 210 to 940 660 to 730

1G CriMo 9?04] 1.7380“)_ — 900 to 960 o 700 to 750
14 M;;-\I 63 1.77156 - 950 1o 280 6390 10 730 .
_KZO éﬂ\l‘lo\l 121 1.492£!m - 1020 to 1070 730 to 780

1) The work pieces must attait the specified temperature over the entire gross-section. Provided this has
definitely baen done further holding at thase temperatures is unnecessary when normalising and hardening.
The temperatures laid down for tempering shall be held for approximately 30 minutes minimum for the
steals 13 CrMo 4 4 and 10 CrMao 9 10 and for 1 hour minimum for the steels 14 MoV 6 3 and

X 20 CrMoV 12 1, with the annealing time being counted from the moment when the lower limit of the
given temperature range is reached,

Cooling in air or controllgd atmosphere. Accelerated cooling e.g. in liguid, can become necessary at greater
wall thicknesses.

3) The temperature can drop to 760 °C during processing,

4) In addition to given guenching znd tempering treatmant the following sequence of treatment can be
considered for the steel:
900 ¢C to 960 °C/furnace 1o 700°C = 1 hour 700 °C/air.

2
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Table 13, Welding methods and data for the haat-treatrent after walding

Gteal arad Annealing temperatures 1)
teal grade and holding time 2) 3)
Welding methods at the required heat-treatment
\ after weldin
Code number Material o 4
number c
5t35.8 1.0305 520 to 600.
5t45.8 1.0405 520 to GO0
17 Mn 4 1.0481 ' ' 520 to 580 |
TP M Al fusion welding methods oL EL T |
1oMnS 1.0482 and flash butt-welding 590105680
| 15 Mo 3 1.5415% . £30 to 620
12CerMod 4 1.7336 600 to 700
10 Ceiio 9 10 1.7380 ' 650 to 750
14 MoV 6 34) 17715 - Al fusion welding methods, | BQD to 730
X 20 CrMoV 12 15) 1.4922 except gas fusion welding 720 to 780

1} |f required (see Section 7.3) these temparatures apply also to annoaling treatments after cold forming.
2} The holding time for the specified tamparatures depends on the thickness of the workpieces. A minimum
holding time of 15 minutes is recommended for a thickness = 15 mm, a minimum holding time of
30 minutes, for thicknasses > 15 to = 30 mm and a minimum holding time of 60 minutes for thicknesses
=30 mm.
At thicknesses = 30 mm a minimum holding time of 80 minutes is required for 10 CrMo 9 10. Furnace
anneals should be performed in the mid-range of the specified temperatures. For local anneals the external
surface shall be at the maximum temperature,
3) The annealing treatment shall also comply with the instructions of the manufacturer of the filler metals,
4) Judging from the experianca gained up to now, repeated annealing treatments shall not exceed a total
holding time of 10 hours, with the subsaquent annealing trearments being performed in the lower temperature
range when the material i5 in the air-hardensd condition.
Welding shall be followed by cooling below 160°C {though for thick-walled tubes not below 100°C),
The following halding times are racommended:
= Biom thickness 30 minutes minimum

LA

> 8 =30 mm thickness 60 minutes minimum.
== 30 =60 mm thickness 120 miputes minimum
= G0 mm thickness 180 minutes minimum
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Table 14. Size ranges for the application of mechanical and technotogical methods for testing tubaes in both gualities

Tube diameter

Nominal wall thickness of the tubes

impact/bending
test 1)
Ring tensile test

impact/bending
test 1)
Ring tensile test 2)

impact/bending
test
Ring tensile test 2)

mim
external internal <2 mm =2mm =16 mm [>16mm=30mm [>30mm =40 mm > 40 mm
=213 =16 Tensile test Tensile tast
Ring flattening | Ring flattening - - _
test test
>21.3 =146 =16 Tensile test Tensile test Tenczile test Tensile tast Tensila test
Ring flattening | Naotch Notch Notch Notch
test impact/bending  |impact/bending  |impact/bending impact/bending
test 1) test 1) test test
Ring expanding |Ring flattening Ring flattening
Test test test
=146 3) Tensile test Tensile test Tensile test Tensile test
Notch Notch Notch Notch

impact/bending
test

1) Only for tubes manufactured from steels 14 MoV B 3 and X 20 CrMoV 12 1 in nominal thicknesses = 10 mm and
far tubes manutactured from the steel 15 Mo 3 in nominal thicknesses > 20 mm,

2) Tubes = 100 mm inside diameter shall be ring flattening-tested instead of ring tensile-tested,

3) This limit applies also for tubes, orders for which are based on the inside diameter, provided the nominal outside
diameter 2> 146 mm.




Page 18 DIN 17175

Appendix A

The following Table gives tentative figures for the long time high ternperature strength of the steels used for seamless
tubss. The figures listed are mean values for the scatter range representing resuits so far available. These maan
values will be examined from time to time and amended where necessary as further results become available. From the
data so far available from long time creep 1es1s it ¢an be assumned thatthe bottom limit of this scatter range at
the statad temperatures for the steel grades |isted is about 20 % lower than the mean value quoted.

Table A. 1.
1 %-time vield limit 1), 2) ‘ Creep strength 2), 3
Steel grade Temperature tor for
10 000 h 100 000 h 10000 h 100 000 h 200 000 h
Code number “C N/mm? N/mm? N/mem2 N/mm? N/mm?Z
380 164 118 229 165 145
380 150 106 om 148 128
400 136 95 191 132 116
410 124 84 174 118 o
368 pe o1 s | o 8
101 ¥
st45.8 440 o1 57 127 79 67
450 an 49 113 69 57
460 72 42 100 55 48
470 62 35 BG 50 40
o 480 53 30 . q2 33
380 195 153 201 227 206
390 182 137 266 203 . 181. ]
400 167 118 243 | 179 157
410 150 105 221 157 136
420 135 92 ! 200 136 115
430 120 80 180 | 117 a7
17Mn 4 440 107 69 161 100 82
19 WMn 5 — . s e —
450 93 50 143 85 70
460 B3 51 126 73 60
470 71 44 110 63 52
480 63 a8 a6 55 44
490 55 33 ) 84 a7 37
— 500 e | .7 M __ Y 0 __ |
450 216 167 298 245 228
460 199 146 213 202 189
470 182 126 247 174 153
480 166 107 222 143 121
| 490 149 o f9 196 117 96
| 15 Mo 3 500 132 73 171 93 75
| 510 115 59 147 74 57
620 99 46 125 59 45
530 84 36 102 47 36
540 oy | _t8 @2y 4. .38 L
550 (59) {24) (B4} (31} {25)
1) This haing the siress referred to in the original cross-section which leads to a permanent elongation of 1%
after 10000 or 100000 hours (h).
2} A bracket denotes that the steel should preferably no longer be used for continuous service at the relevant
temperature.
3} This being the stress referred to in the original cross-section which resubts in rupture after 13000, 100000 or
200000 hours (h),
L.
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Table A. 1. {continuaed)

1 %-tima yield limit 1), 2) Creep strength 2}, 3)
Steel grade Temperature for for
10 000 h 100 000 h 10000 h 100 000 h 200 000 h

Code number °c N/mm?2 N/rmm2 N/mm2 MN/mm2 N/mm2
460 245 i 370 285 260

460 228 172 345 261 226

470 210 152 328 220 195

480 193 133 304 150 167

490 173 116 273 163 139

500 157 og 239 137 116

13CrMo 4 4 510 139 83 209 116 96
570 122 70 179 o, | 76

h30 106 LY4 154 78 62

540 w0 |, 4 | 129 61 60

660 18 36 109 49 39

560 64 30 91 40 32

) 570 53 20 | 76 33 26
Yy 2 450 240 166 306 221 20
460 219 155 286 205 186

470 200 145 264 188 1658

480 180 130 241 170 152

490 163 116 219 162 136

500 147 103 196 135 120

10 CrMo 9 10 510 132 90 178 118 105
R20 119 78 156 103 91

h30 a7 68 138 aQ 79

540 g4 58 1 122. 78 68

550 T 83 49 108 (3141 ]

&0 i3 41 a6 LB La1e]

570 Gh 356 86 61 43

k80 h7 30 75 44 37

590 &0 26 68 3B az

600 44 _J 22 61 Qﬂm“ 28

480 243 177 299 218 187

‘ 490 219 166 2648 191 163
P 500 195 138 241 170 145
510 178 122 219 150 127

520 161 107 198 131 109

14 MaV 6 3 530 146 94 179 118 91
640 133 81 164 100 76

560 120 69 148 85 [+3]

hG0 109 59 134 12 48

570 (98} (48) (121) (59} {37}

530 (88} (37} {108} (4G} (28)

For footnotes 1), 2) and 3) see page 18
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Table A, 1, (cantinued)

1%-time yield limit 1}, 2) Creep strength 2), 3)
Steel grade Temperature for for
10000 h 100 000 K 10000 h 100 000 h 200 000 h
Coce number °C N/mm2 N/mm?2 N/mm? W/mm?2 N/mm?2
410 324 260 368 309 286
480 299 236 345 28B4 262
490 269 213 319 260 237
500 247 180 284 236 215
510 227 169 274 211 191
520 207 147 253 186 167
530 187 130 232 167 147
40 170 114 213 147 128
650 151 48 182 128 111
X220 CrMoV 121 560 136 85 173 112 96
570 118 12 164 ag 81
h80 103 &1 136 82 68
580 apn 52 119 70 &8
600 79 43 101 58 48
610 64 36 87 &0 40
G20 53 30 73 42 33
630 44 25 60 34 27
640 36 20 49 28 22
650 29 17 40 23 18

For footnares 1), 2) and 3) see page 18
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Explanations

This Standard replaces Standards DIN 17 176 Part 1
{January 1959 edition) — Seamless tubes of heat-resisting
steels; technical delivery conditions —, DIN 17 175

Part 2 (January 1959x edition) — Seamless tubes of
heat-resisting steels; quality specifications for relevant
steels — and DIN 17 175 Part 2 Supplement (June 1969
edition) — Seamless tubes of heat-resisting steels; iong-
term hot strength values -, The publication of this

revised version {necessitating ¢ drafts) had been delayed,

because on the one hand the answer 10 the guestion
whether or not the lower minimum yield points or

minimum proof stresses ot elevated températures quoted

in international standard

ISO 2604411

E: Sieet products for pressure purposes — Quality
requirements — Part 2: Wrought seamless tubes

D: Stahlerzeugnisse fur Druckbehalter; Gitevorschriften,
Teil 2: Nahtlose Rohre

compared with DIN 17 175 Part 2 {January 1959x edition)

shoutd be used, proved mare complicated than expected
armg at the same time it had been intended to wait for
the forthcoming international negotiations, and also the
determination of the long-term hot strength values, the
dimensional deviations and the scope of ring testing
took up a great deal of time and had to be studied in
special committees.

This Standard ditfers from 150 2604/11, DIN 17175
Part 1 and Part 2 (January 1958 edition) and DIN 17175
Part 2 Supplement {(June 1969 edition} in the following
major points:

a) Tubes for headers are included in the scope.

b) The range of steels was extended 1o grades 17 Mn 4
(1.0481), 19 Mn 5 (1.0482), 14 MoV 5 3 (1.7715)
and X 20 CrMaV 12 1 (1.4922). This Standarct
therefore includes ferritic and martensitic types of
stec) envisaged in 150 2604/11 {or service at elevated
temperature, up to grades TS 2, TS 37 and TS 38;
see tabular comparison at end of “Explanations’”.

The chemical composition of the steels was in part
narrowed down, especially for the elements
phosphorys and sulphur, compared with the January
1959 edition of this Standard and 180 2604/41. The
change in the malybhdenum cantent of steel

13 CrMo 4 4 {1.7338) from 0.40% 10 0.50% into
0.45% to 0.65% as in 150 2604/11 is of particular
interest.

Az in 180 2604/11 a tahle on the permissible deviations
altowed for sample analyses was included in this new
edition as opposed to the limits for the ladie analysis.

e) A change occurred in the quality grades, inasmuch as
only quality grades T and T1T were retained. These
quality grades cannot be compared directly with the
testing categories 11 to V of 150 2604/11, Quality
grades I and 1L resernble testing categories IF and V
most closely, though an allowance has to be made
for the difference in testing scopes.

1 The requirements of the scope far the ring tests
twhich are Tar more severe than in 150 2604/11) were
checked and madified in a Working Committee
expressly formed for this purpose. tn view of the

[

d

100 % non-destructive testing for longitudinal defects,

a)

h

Il

the scope for the ring tests was restricted for quality
grade II1 tuhes,

In response to objections by customers that for them
ring tests were less valuable as a means for assessing
the deformability of the tubes than for detecting
surface defects singe neither the rupture elongatians
nor the yield point/tensile-ratios furnishad adequate
information on tube performance during cold bending,
Table 7 containing provisional data on the minimum
expansion of the tube in the ring expanding test was
additionally included in the standard at the suggestion
of steelmakers. Since the values in Table 7 ate in
principle of a tentative nature, all participants are
invited to comment from personal experience on the
validity of thesa values.

The leak tightnaess test in the form of an internal
pressure test with water can now be replaged at the
diseretion of the manufacturer by a suitable non-
destructive testing method (e.q. Eddy current testing
according to Stahl-Eisen-Prifblatt {Testing Sheet)-1925)

Mon-destructive testing for longitudinal defects has
now been extended to all quality grade III tubes of
10 mim putside diameter and over. Testing tor trans-
verse defects and laminations can additionally be
negotiated for quality grade ITI tubes having outside
diameters graater than 133 mm. and outside diameters
greater than 133 mm having wall thicknesses greater
than 8 mm, Testing is generally done ultrasonicatly .

Visual inspection of the tubes can be replaced by a
proven, suitable non-destructive testing method,

As distinet from 150 260411 this Standard also
containg data on form and dimensional deviations.
Differing fram the requirements in DIN 17 17% Part 1
(January 1959 edition), the tolerances currently
quoted for orders based on the outside diameter are
now set out either according to the ratio of the
nominal wall thickness to the outside diameter or as a
multiple of the nominal wall thickness. The adiditional,
local 5% allowance on the lowor tolerance limit of
the nominal wall thickness is no longer valid. Subject
Lo agreement on ardering, cold finished tubes can
nowy be supplied with closer tolerances. tn compliance
with the request of cansumers it is now possible to
order tubes of 200 mm bore and larger based on the
inside diameter. Corresponding deviatians on the
inside diameter and wall thicknesses were fixed tor
this particular requirement.

k) The data on the physical properties have been deleterd,

The Verein Deutscher Eisenhittenteute {Association
of German Ferrous Metallurgy Engineers) is currently
preparing an appropriate Stahl Eisen-Werkstoffhlatt
(Material Data Sheet) containing also dala on steels
outwith DIN 17 175.

As previously, the values for the impact energy apply
to DVM-specimens, Steelmakers have pointed out
that the notch impact/bending test quoted for

DiIN 17 175 stecls served solely as a guide to the
satisfactory nature of the heat treatment and for the
presence of adequate ductility. At the request of the
Technical Testing Authorities and consurmers they
werg, however, willing to collect the test results from
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IS0V specimens as regards the applicability of brittle
fracture criteria, in order to enable DIN 17175 ta
change over to this type of specimen when revised
next.

m) The minimum data for the room temperature yield

n

point and the elevated temperature, 0.2 % yield limit
were determined from available sets of data by
means of cumulative frequency curves, A classifi-
cation according to wall thickness differing from

150 2604/11 proved unavoidahle, so as to be able to
at least retain or even increase the present values in
the majority of cases. Compared with 150 2604/t
this classificanion of tha wall thickhesses

generally gives higher values at lower wall thicknesses
and, in part, lower values at greater wall thicknesses.

In order 10 lower the values for the thickness range
greater than 60 mm to B0 mm by 10 N/mm?2
compared with the values in the greater than 40 mm
to BO rmm wall thickness range of steels 13 CrMo 4 4
{1.7335) and 10 CrMo 9 10 (1.7380) the steel
manufacturers had insufficient data at present on the
over G0 mm to 80 mm thickness range for a significant
evaluation (o be carried out; extrapolation beyond
the reasunably well substantiated range would anly
be possible up to wall thickness of approximately

60 mm, where the wall thickness effect observed at
present in the range of up to 50mm is still confirmed.
The steelmakers expressed their willingness to collate
tlata for analysing the cusrent requirements at a later
date.

180 2604/1t contains na requirements far values of

the 1% time yield limil, The reguirements in the
current revised standard for steels 5t. 35.8 (1.0308),
St. 458 (1.04056}, 15 Mo 3 (1.5415), 13CrMn 4 4
(1.7335) and 10 CrMo 9 10 {1,7380} contained in the
provious version of DIN 17 175 agree with those in
DIN 17175 Part 2, Supplement (June 1963 edition).
The values for the newly included steels 17 Mn 4
{1.0481) and 19 Mn 5 {1.0482) obtained from Stahl-
Eisen-Werkstotihlatt 610 — Seamless headers of high
temperature sleels — have been supptemented by
extrapolated values for 380 °C and 390 °C, The values
for the 1% limit of the other frashly included steels

14 MoV 63 (1.77158) and X 20 CrivoV 12 1 (1.4922)
were based on the most up to-date evaluations.

o) The values for creep strength merit the following

p

)

coOmments:

The requirements for steels 5t 35,8 (1.0308),

St 45,8 (1.0405}, 15 Mo 3 {1.5415) and 13 CrMa 4 4
{(1.7336) — though for the two last-named steels only
the values for 105 and 2,105 h — were taken from
DN 17 176 Part 2, Supplement {June 1969 adition].
In cantrast, the 104 h - creep strength values of steals
18 Mo 3 and 13 CrMo 4 4 as well as the 104 and

109 h — creep strength values of the steel 14 MoV 6 3
(1.7715] agree with those of the corresponding steels
in 150 26804/t1; the requirements for the 2.105 h -~
creap strength values ot steel 14 MoV 6 3 were based
on the most recent evalyatians in the 480°C 1o

500 °C temperature range, thereby differing from

150 2604/14,

The creep strength values of steel 10 CrMo 2 10
(1.7380) agree, in principle, with those of steel TS 34
according to 150 2604/(1, though minor deviations of
up to 4 N/mm?2 maximum have crept in during the
smoothing of the curve as a result of three-dimensional
interpolation (time, temperature, stress) which scem
none-the-less justified in view of the improved
utilizability of the data in the computer,

The 104 h — creap strength valiues of steel

X 20CrMoV 12 1 (1.4922} agree in the 500°C to
610°C temperature range with those of steel 15 40
according to 150 2604/11; in contrast the 105 and
2,105 h — creep strength values in the 470°C to

600 “C temperature range.agree with the requirements
in Stahl-Eisen Delivery Condition 67569 — ""Seamless
tubes of high-temperature steels” - the remaining
values were extrapolated on the basis ol the latest
evaluations,

The values, which are quoted in Documents

1SQ/TC 17/5C 10/ETP N 99 and N 148 and envisaged
for the fortheoming revised edition of 150 2604/11
for steels TS b and TS 9 H, were used for steels

17 Mn 4 (1.0481} and 19 Mn § {1.0482},

Thin-walled tubes may be marked by methods ather
than stamp-marking.
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Camparison of ferritic and martensitic steels according to IS02604/11,
anvisaged for use at elevated terperaturas, with equivalent German

stools
Steels hased on
German documents 150 2604/11
Code number Material
1) nurmber 2) 3)
- - [ vs2 -
" DIN 51358 ] 10305 | 155 | @
_DIN | stass 10405 | TSOH | @
DIN 17Mna 10481 | 1814 | © |
PIN | 189Mn5 10482 | Tts18 o
DIN | 15M03 165415 | TS26 | @
| DIN | 13CrMo44 17336 | T532 ® |
DIN 10 CrMo 9 10 17380 | TS 34 .
DIN | 1amoves | 17715 | 1833 | @
SEL 12CrMo 195 | 17362 | T1S37 O
| SEL | X12CrMo 91 17386 | Ts3s8 °
DIN | X 20CrMov 12 1 14922 | TS 40 X%

mbH.

2) Code No of steels in J30 2604/11,

3) This column shows the degree of agreement in the chemical
composition of the German steels on the one hand and the
1S0 2604/11 steals on the ather hand, Notations: X = full
agreernent, @ = minor deviations, Q) = significant deviations.

1) DIN = contained in DIN 17 175; SEL = contained in Stahl-
Eisen List, 6th edition 1977, Dosseldorf, Verlag 5tahl-Eisen
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