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1 Scope

1.1 This Standard applies to bars and wire of the
materials according to Table 1 of dimensions up to
those given in Table 4. These materials are normally
used for bolts and nuts according to DIN 267 Part 13
-~ Bolts, screws, nuts and similar threaded and formed
parts; technical conditions of delivery; bolts and nuts
primarily of steels exhibiting toughness at subzero
temperatures and hightemperature steels -~ at tem-
peratures above about 300 °C up to the maximum
service temperatures quoted in Table 4 as a guide for
long-term operation. These temperatures may be
exceeded where the properties of the material are
adequate for the service stresses. The criterion is the
total loading on the material resulting from temperature,
mechanical loading and the ambient media during the
proposed time of operation. .

1.2 For bolts and nuts used 2t temperatures helow
300 °C, steels according to

DIN 1651 Free cutting steels; technical conditions
of delivery

DIN 1654 Drawn steel for cold pressed screws (bolts);
quality specifications (new edition in
course of preparation)

DIN 17100 Steels for general structural purposes:
quality specifications

DIN 17111 Lew-carbon unalloyed steels for bolts, nuts
and rivets; quality specifications

DIN 17200 Quenched and tempered steels; quatity
specifications

DIN 17 210 Case hardening steels; quality specifications

DIN 17 440 Stainless steels; quality specifications

Stahl-Eisen-Werkstoffblatt (Stéel-Iron Data Sheet) 550
Steels for large forgings
should be used,

Sections marked with a dot (%) show when agreements should he made or can be made at the time of ordering,

2 Definitions

2.1 Within the meaning of this Standard, materials

are considered to be heat resisting if they have good
mechanical properties under longtime loading, including
high creep limits and high creep rupture strengths and

a satisfactory relaxation resistance {see Section 2.2) at
temperatures of up to = 540 °C, and, as highly heat
resisting, steels and alloys having the same characteristics
to = 800 °C,

2.2 Relaxation means the reduction in the pre-stress in
bolts as aresult of creep of the material, In this Standard,
the residual stress to which the initial stress §, corre-
sponding to an initial strain £, ;. Falis after a defined
period of loading, e.g, 1000, 10 000 or 30 000 hours,

is quoted to characterize the relaxation resistance of
materials {see Table 10).

2.3 For technical definitions and expressions relating
to heat-treatment of ferrous metals, see DIN 17014
Part 1.

3 Dimensions and
permissible dimensional deviations

3.1 The dimension standards listed at the end of this
Standard apply to products made from materials accord-
ing to this Standard, however in the case of materials
X22CrMoV 121 to NiCr20TiAl (see Table 1) not all
the dimensions listed in the dimension standards guoted
can be supplied and not all the permitted deviations can
be.maintained. Where applicable, the manufaeturer
should draw attention to this fact when accepting an
order.

3.2 ® Ifnodimensional standards exist for products,
the permissible dimensional deviations should, if necessary,
be agreed at the time of ordering.

Continued on pages 2 to 22
Explanations on page 23
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4 Calculation of weight
and permissible weight deviations

4.1 Calculation of the nominal weight of products
should be based on the densities quoted in Table 7.

4.2 = [f the permissible weight deviations have not
been standardized, they should if necessary be agreed
at the time of ordering,

5 Classification by grades

5.1 Materials

This Standard covers the steels and alloys quoted in
Table 1,

5.1.1 The choice of grade of material is left to the
customer. It is recommended that the manufacturer
be brought in for consultation,

5.2 Asdelivered eondition

5.2.1 & The treatment condition in which the material
is to ‘be supplied shalf in all cases be specified by the
customer. Table 3 lists the treatment conditions in
which materials can normally be supplied. These are not
in al] cases identical with the normal heat-treatment
conditions for the finished bolts and nuts (see Table 4).

5.2.2 The materials from different melts shall be
delivered separately and similarly, where applicable,
batches of material having received different heat
treatment and material of different dimension ranges.

6 Designation

6.1 The code numbers for the steels are formed in
accordance with Section 2.1.2.2 of the explanations

in Normenheft 3 (1970 issue), the material numbers

for the steels according to DIN 17 007 Part 2 and the
material number for the alloy NiCr20TiAl according to
DIN 17 007 Part 4. The code letter or suffix number

for the treatment condition according to Table 3 should
be appended ai appropriate to the code number or
material number respectively.

Example forsteel 24 CrMo 5, material number 1.7258,in
quenched and tempered condition (V or .05): 24 C¥Mo 5 V
or 1.7258.05,

Treatment conditions for which no code letters or

suffix numbers have not yet been stipulated at the
present time, should be quoted in the order by writing
out in full V),

6.2 The code number or material number for the grade
of material and the code letter or sulfix number for

the treatment condition shall be appended Lo the symbol
for the product as given in the examples of designation
in the dimension standards.

Example:
Designation of a hot-rolled round steel of 65 mm diam-
eler of steel grade 24 CrMo 5 in the quenched and
tempered condilion (see example in Section 6.1):
Round 65 DIN 1013 — 24 CrMo 5 V
or Round 65 DIN 1013 — 1.7258.05

2

7 Requirements

7.1 ® Melting process

It is left to the manufacturer to decide on the melting
process, unless this has been agreed at the time of
ordering, It must however be notified to the customer
if required.

7.2 Chemical composition

7.2.1 The chemical compaosition determined in the
ladle analysis shall conform to Table 1.

7.2.2 The customer can accept slight deviations from
the composition limits provided these have no more
than an insignificant effect on the properties of the
material in use.

7.2.3 ® The chemical composition of the melt shall
be notified to the customer on request,

7.2.4 & Proof that the product analysis meets the
limiting values for the ladle analysis given in Table 1,
within the permissible deviations quoted in Table 2,
can be agreed at the time of ordering.

7.2 Maohan

H et A
3 Moechanical properties

7.3.1 The values for mechanical properties at room
temperature or at elévated temperature, listed in
Tables 4 and 5, are guaranteed for longitudinal speci-
mens (see Fig. 1) of bars and wires supplied in the heat-
treatment condition listed in Tables 4 and 5 (see also
Fig. 2). In cases where the as-delivered condition

{see Table 3) does not correspond to the heat-ireatmernt
condition given in Table 4 or 5, the values in these
Tables apply to longitudinzl specimens taken from the
specimen sections after heat-treatment of the latter in
zccordanice with the data in Table 4 or 5 and Table 8,
® Note: If for example, in order to save material,
transverse specimens are used for testing, in general

the values given in Table 4 or 5 for the vield point and
tensile strength can be used as a basis for acceptance.

In this case, the values to be maintained for elongation, -

reduction in area and absorbed energy should be
specially agreed (note also Section 8.3.2). In cases of
doubt however, for the yield point and tensile strength
also, acceptance should be based on the values deter-
mined on longitudinal specimens.

7.3.2 Guide information for the long-time strength
properties at elevated temperatures and the stress
relaxation properties of the materials are given in
Table 9 and 10 or in Figs 4 to 7. The values stated are
mean values of the scatter bands so far observed and,
in the case of the long-time strength properties at
elevated temperature, mean values for smooth and
notched specimens. It can be assumed that the lower
limit of the scatter band for the creep strength of
smooth and notched specimens is about 20% lower
than the values stated. The values will be checked again
from time to time as further test results become avail-
able and, where necessary, corrected,

7.3.3 CGuide values for the static modulus of elasticity

of the materials as a function of temperature are given
in Table 6 and Fig. 3,

1) See also DIN 17.007 Parl 4 (July 1963 issue)
— Material numbers, principal groups 2 and 3, non-
Terrous metals —, See especially Seetion 4 — Appended
numbers — and Table 3.
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7.4 Physical properties

7.4.1 Guide information for density, thermal expan-
sion, thermal conductivity and specific heat of materials
are given in Table 7.

7.5 & Chemical properties

As regards the effect of chernically active substances
{corrosion) on the steels referred to in this Standard
and in particular the influence of temperature on the
chemical behaviour, it is only possible to give useful
information for each case separately. It is therefore
advisable where necessary to discuss this with the
manufacturer describing the particular operating con-
ditions as precisely as possihle,

7.6 Surface condition

7.6.1 The products shall have a smooth surface as far
as consistent with the shaping process used.

7.6.1.1 Inthe case of products intended for machining,
surface defects, e g, scabs, grooves, laps, cracks and
surface decarburization 2) must be contained within the
machining allowance; they may be removed by suitable
methods provided this does not prejudice the intended
application, :

7.6.1.2 @ Inthe case of products intended for shaping
without cutting (e.g. drop forging or rod drawing},
where special requivements exist as to surface condition,
this should be expressly stated in the order. [n this case,
surface defects that would split open during forming
miust be smoothed out by suitable means. The minimum
permissible thickness according to the dimensional
standards must however be maintained: it is only per-
missible to go slightly below this with the agreement

of the customer, '

7.6.2 Correcting of surface defects by welding is not
permitied.

8 Testing

8.1 ® Delivery testings

For all materials in this Standard, the customer can
agree delivery testings, which in general will be carried
out by experts from the manufacturing works or, by
special agreement at the time of ordering, slso by other
inspectors appointed by the customer, When wire is
supplied in coils however, no delivery testings are
nommally carried out.

8.2 Extent of testing

8.2.1 e Materials are classified for testing by melt,
with heat treated material separate and by dimen-

sion ranges (see Section 8.2.1.1) so as to obtain one or
more test units as required. Where no details are stated
in Sections 8.2.2 to 8.2.6, the extent of testing (i.e. the
number of specimens to be taken per test unit) shall be
agreed at the time of ordering,

8.2.1.1 The diameter or distance across flats of the
thickest product in a test unit may be a maximum of
1.5 times the corresponding dimension of the thinnest
product.

822 e [f the rechecking of the chemical composition
of the product has been agreed at the time of ordering,
the extent of testing should be stipulated at the same
time,

8.2.3 For a delivery testing, uniform strength of a test
unitmust be proved by hardness testing or {after agree-
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ment with the customer or his agent) by some other
equivalant process,

8.2.3.1 The hardness téshing shall be carried out

a} in the case of bars with a diameter of more than
120mm, on one bar per test unit,
b) in the case of bars with a diameter of 120 mm or
less, on 10 % of the bars in a test unit, subject to
a minimum of 10 bars or, in the case of test units
containing less than 10 bars, on each bar.
If the hardness vatues thus obtained correspond to the
upper or lower limit of the prescribed range for tensile
strength, the extent of testing shall be increased to 20 %.
If hardness values are obtained with the 10% or 20%

sample corresponding to the limits of the range for

tensile strength, 100 % of the bars should be tested. In
assessing the measured hardness values, account should
be taken of the mean uncertainty of measurement as
defined in DIN 50 150.

In the case of non-continuous heat-treatment, the bars
intended for hardness measurement shall be distributed
uniformly over the test unit. In the case of continuous
heat-treatment, a larger number of specimens shall be
taken from the first layer of bars in proportion to the
rest of the test unit,

8.2.3.2 On the bars being tested, hardness shall be
measured at one end of each bar, i.e. on half of them
at one end and on the other half at the other end.

-8.2.3.3 For the tensile test, one specimen each shall

be taken from the hardest and softest bar in each test
unit determined as in Section 8.2.3.1.

8.2.4 ® [f the 0.2 limit has to be rechecked at elevated
temperatures, the extent of testing shall be agreed at the
time of ordering. In general, the 0.2 limit will be
rechecked only on one specimen per melt and only at
one temperature above room temperature,

8.2.5 The notch bar impact bending test shall be
carried out on the same specimens (and specimen
sections) as the tensile specimens have been taken from
(see Section 8.2.3),

8.2.6 Alloy materials shall be subjected to a suitable
testing to detect any incorrect identification of the
material,

8.3 Sampling

8.3.1 For the analysis of the product, chips shall be
cut uniformly over the complete cross-section of the
product being tested.

8.3.2 ® For the tensile test, longitudinal specimens
shall be taken from the bars selected as in Section 8.2.3.3,
in such a manner that the axis of the specimen in the
case of bars with dimensions up to 40 mm shall be coin.
cident with the longitudinal axis of the bar and, with
bars of over 40 mm, shall lie one sixth of the bar thick-
ness below the surface or as near as possible to this
position (see Fig, 1). If the testing of transverse speci-
mens is agreed (see note to Section 7.3.1) the position
of the specimens shall be agreed at the time of ordering,

8.3.3 For determination of the 0.2 limit at elevated
temperature, specimens shall be taken as for the tensile
test according to Section 8.3.2.

2) In this context, surface decarburization shall be
understood as the sum of the width of the decarbur-
ized zone and 2/3 the width of the carbide-reduced
zone,
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8.3.4 The specimens {or the notch bar impact bending
test shall be taken in such a manner that thejr longi-
tudinal axis lies in the produet approximately in the
same way as that of the tensile specimens according to
Section 8.3.2 (Note Section 8.5.4.1).

8.3.5 The specimens to be taken for the tests and the
bars from which the specimens are taken shall be
adequately marked so that specimen and bar are clearly
identified as belonging together,

8.4 Marking

Each bar exceeding 25 mm in diameter or across flats

shall be marked at one end with the melt number, the
manufacturer’s symbol and the code number or materia)
number of the material, In the case of bars of up to 25 mm
diameter or across flats, it is sufficient to identify each
bundle with a tie-on tag bearing the same information.
The same applies to colls of wire of any dimensions.

8.5 Test methods to be used

8.5.1 ® The chemical composition shall be tested by
the methods 3) specified by the Chemists’ Committee
of the Verein Deutscher Eisenhiittenleute (Association
of German Ferrous Metallurgists), Methods not specified
by the Chemists’ Commitiee shall be specially agreed,

8.5.2 The tensile test shall be carried out according to
DIN 50 145, using the short proportional bar with
gauge length Ly = 5 dg according to DIN 50125,

The 0.2 limit shall be determined at room temperature
according to DIN 50 145, ’ ‘

8.5.3 The 0.2 limit at elevated temperature shall be
determined, where required, according to DIN 50 145.

8.5.4 The notch bar impact bending test shall be
carried out on the basis of the information in Table 4
on 180 V-notch specimens or on DVM specimens
according to DIN 50115,

8.5.4.1 ® Ingeneral, the absorbed energy shall be
determined a5 the mean of three tests on specimens
lying side by side at the same distance from the surface
or, if this is impaossible, immediately behind each other
in the same specimen bar; proof of the absorbed energy
on only one or two specimens may however be agreed
at the time of ordering. In arbitration cases, the mean
of three specimens shall be taken.

8.5.4.2 & For products of ditnensions such that it is

- not possible to take a notch impact specimen of
standardized dimensions, special agreements shall be
made at the time of ordering for carrying out the
notch bar impact bending test,

8.55 The Brinell hardness shall be determined accord-
ing to DIN 50351.

8.5.6 ® Asregards the method for rechecking the
surface decarburization, where required, agreement
shouid be made at the time of ordering.

8.5.7 A test standard for determining the relaxation
properties is being prepared.,

8.6 Repeat testings

8.6.1 Where an unsatisfactory result in a testing is
clearly due to inadequacies in the testing technique or
an insignificant local defect in & specimen, the unsatis-

factory result should be ignored when deciding whether
the requirements have been met and the test concerned
repeated,

8.6.2 If the unsatisfactory result of a testing can be
traced to unsatisfactory heat-treatment, the bars of the
corresponding test unit may be heat-treated again and
the whole testing should then be repeated.

8.6.3 If the result of a tensile test on properly heat-
treated material does not meet the preseribed require-
ments, proceed as follows.

If there are other bars of the same hardness among those
tested in the same test unit, further specimens for the
tensile test and the notch bar impact bending test shall
be taken from two of these bars, If there are no further
bars of the same hardness among those tested in the
same test unit, the extent of hardness testing should be
doubled. According to the result of the first (unsatis-
factory) tensile test, the repeat testings shall be carried
out on specimens from the two soitest or two hardest
bars of all those checked.

If the result of the noteh bar impact bending test on
properly heat-treated material does not meet the
prescribed requirements, further specimens shall be
taken from any two other bars of the test unit without
increasing the extent of hardness testing.

8.6.3.1 Properly heat-treated bars having unsatisfactory
test results shall in all cases be rejected. Both repeat
testings must meet the prescribed requirements, other-
wise the complete test unit may be rejected. If necessary,
the bars can then be tested separately and certified as
meeting the conditions if the results are satisfactory.-

8.7 Test certificates

The delivery testing is certified by one of the certificates
aceording to DIN 50 049, The type of certificate must
be agreed at the time of ordering.

9 Hot forming and heat {reatment

Table 8 gives information on the temperatures (and
hold times) to be used for hot forming and heat-treat-
ment,

10 Complaints4)

10.1 "Objections may only be raised to external or
internal defects if they impair to an appreciable extent
appropriate working and utilization of the grade of
steel and shape of product.

10.2 The customer must give the supplier the oppor-
tunity to check for himself the validity of the objection,
where possible by submitting the material complained
of together with samples of the material supplied.

3) Handbuch fiir das Eisenhiittenlaboratorium (Hand-
book for the Ferrous Metallurgical Laboratory), Vol. 2:
Investigation of Metallic Materials; Vol. 4: Arbitration
Analyses, Diisseldorf, Verlag Stahleisen mbH, using
the latest edition.

4) For explanations on this objections clause in quality
standards for iron and steel, see DIN-Mitt. (DIN News}
Vol. 40 (1961) No. 2, pp. 111/12.
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The following dimension standards apply for the materials in this Standard

For hot rolled wire
DIN 59110 Steel wire rod; dimensions, permissible variations, weights
DIN 59115 Steel wire rod for bolts, nuts and rivets; dimensions, permissible variations, weights

For hot rolled and ho! forged rods

DIN 1013 Steel bars, hot rolled round steel; dimensions, weights, permissible variations

DIN 53130 Hot rolled round steel bars for bolts and rivets: dimensions, weights, permissible deviations
DIN 1015 Steel bars, hot rolled hexagon steel: dimensions, weights, permissible variations

DIN 7527 Part® Steel forgings; machining allowances and permissible variations for open-die forged bars

For bright rods and wires

DIN 668 Bright round steel; dimensions, permissible variations according to ISA tolerance zone h1l, weights
DIN 670 Bright round steel; dimensions, permissible variations according to 1SA tolerance zone h8, weights
DIN 671 Bright round steel; dimensions, permissible variations according to [SA tolerance zone h9, weights
DIN 176 Bright drawn hexagon steel: dimensions, permissible variations, weights
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Table 2. Permissible deviation of the bar analysis from the limiting values for the ladle analysis for the sieels

in Table 11)

Permissible maximum contents

Permissible deviations of bar analysis from

Element in the ladle anatysis the limiting values of the ladle analysis 2), 3)

% by wt. % by wt.

+ 0,01

¢ 20,20 é g:ig t0.02
S s 1.0 +0,05

Mn P— +0,04
P < 0,045 +0,005
8 = 0,045 + 0,005
N < 0,10 10,01
= 2,00 £0,05

Cr >0 5150 £0.15

>15 5200 %0,
Mo > 0,35 é g:gg i gzgé
+

Ni Z155 21;120 : g:?g
Nb (+ Ta) < 1,20 +0,05
Vv = 0,35 +0,03

1) @ For the alloy NiCr20TiAl, and for the boron contents of steels, where necessary the permissible deviations
should be agreed at the time of ordering, L. L
%) ® Applies to diameters = 160 mm or cross-sections of equivalent area. For forgings, the permissible deviations
should be agreed at the time of ordering, -
8) It is permissible for the deviation for an element in the bar analysis for a melt to be entirely below the minimum
value or entirely above the maximum value of the range given for the ladle analysis but not both at the same time,
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Table 3. Normal as-delivered conditions and associated code letters and suffix numbers in the material numbers
Normal as-delivered conditions {X)
Material T o o | T - g
E| % E 8 1 g 2 2
281 38 £ % | 2% |c3| 53| §3%
Code number e | Eof 8| 8| 8 | 25| 3¢ 2 | 257
c35 1.0501 X X X
Ck 35 1.1181 X X
Cq 35 11172 X 1) X
24 CrMo 5 1.7258 X X X
21 CrMoV 5 7 1.7709 X X X
40 CrMoV 4 7 1.7711 X X
X22CMov 121 1.4923 X X
X 19 CrMoVNBN 11 1 1.4913 X X
X 8 CrNiMoBNbD 16 16 1.4986 X
NiCr20TiAl 2.4952 X X X
Code letter 2), 3) U N ¢ |[wxz)| v (L) | (AH) (WK + AL
Suffix numbers in the material number 2) 00 01 o2 4) 05 1) 1} 4y

1) This as-delivered condition is normal on}
2} For the as-delivered condition quoted a

3) The code letters in brackets have not so far been standar
designation of the as-delivered conditions in the Tables.

4) Not yet stipulated in DIN 17 007 Part 2,

y for deliveries to works having their own annealing facilities.
bove,

dized. They are used here merely as an aid for abbreviated
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Table 9. Guidance values for the long-time high temperature strength values

Muaterial 0.2 % creep Uinit for a time 1% creeap Umit for a time Creep rupture atrength
T“:ﬂp"' of of for
ure
Code number Mate- . 10000h | 30000k |1006900h{ 10000k | 30000k [100000h] 10000k | 30000k |100000h
rial
number °%c N/mm? N/mm? N/mm?

360 189 172 133 208 185 1561 246 230 218
380 182 157 122 187 117 138 238 218 202
370 187 142 112 186 183 130 224¢ 200 185
aso 149 128 100 174 1584 120 212 138 160
390 .| 1a3 114 90 161 140 109 200 174 154
400 118 101 79 147 127 98 187 185 138
410 103 88 69 132 116 87 173 145 122
Ck 35 11181 ] 420 90 77 €0 116 100 77 156 130 106
and 1117z | 430 7% 67 51 102 88 67 138 113 93
Cqg as . 140 68 57 43 89 78 B8 118 98 80
450 59 49 a5 78 66 49 100 86 69
460 50 40 29 68 56 40 87 75 61
470 43 34 25 58 48 a4 77 64 53
480 35 29 21 49 41 29 69 56 45
490 23 24 18 42 35 | =28 &1 48 39
500 25 21 16 36 30 22 53 43 34
420 204 180 168 274 248 221 387 344 308
430 188 170 152 258 230 203 364 322 281
440 174 155 138 242 212 186 338 292 253
450 162 143 125 228 195 171 311 266 226
460 149 130 113 210 180 185 283 240 200
470 135 118 100 185 163 141 255 213 178
480 124 105 87 180 148 127 296 183 157
24 CeMo 5 17288 |90 112 94 75 163 135 112 200 165 136
500 100 82 64 147 120 98 176 145 118
510 B8 70 53 130 105 83 1563 135 100
520 77 58 42 115 90 89 133 106 82
530 &6 47 32 98 74 54 114 B8 66
540 55 37 24 81 58 ag 95 71 52
550 46 29 18 64 41 25 78 54 38
420 394 373 351 437 409 364 481 445 410
130 369 348 323 412 282 338 455 419 ass
440 343 322 293 387 359 314 429 as2 358
450 317 294 262 381 334 288 408 364 328
460 287 264 228 337 308 2685 378 336 209
470 267 238 197 313 284 242 351 308 268
21 CrMoV 7 Lres | 480 242 204 168 288 259 220 324 281 240
and 17711 | 490 2186 178 142 26§ 239 197 298 256 207

40 CtMoV 47 .
500 191 154 119 242 215 178 271 230 188
510 166 131 99 221 193 154 248 208 167
520 144 112 83 199 172 132 226 187 146
530 123 94 87 177 150 112 207 168 128
540 106 81 55 157 130 94 189 151 11
550 89 87 44 138 168 14 170 135 a5
450 343 310 264 4386 401 373 480 453 432
460 314 283 240 405 372 341 451 423 397
470 285 256 215 375 338 308 422 356 368
480 258 230 193 344 306 278 394 360 336
490 230 204 168 316 278 248 366 335 306
500 204 179 147 289 254 231 338 304 275
510 178 156 127 262 228 195 312 278 245
520 155 133 108 235 200 170 286 250 218
530 132 114 91 211 177 148 261 222 187
X 22 CtMoV 12 1, 1 540 114 96 77 187 156 127 235 196 161
q“"ch*g and 1.4923 | S50 96 81 63 185 135 108 211 172 137
tempered to 9 560 80 67 51 144 117 91 187 150 118
800 ‘io 950 Ni']"“m 570 68 55 a1 126 99 77 165 128 99
tensile strengt 580 58 46 33 108 84 84 143 111 83
590 51 39 28 92 71 53 122 93 10
600 46 38 27 79 60 44 103 79 59
850 — - - — - - 46 35 28
700 = = — = = - 25 20 14
750 - - — - - - 14 - -
800 = = — - - — 9 - =
450 359 322 273 475 450 403 516 489 445
460 330 295 249 445 418 372 487 459 414
470 300 268 226 415 386 340 458 428 382
480 274 242 203 386 356 310 428 398 3s2
490 246 215 180° 356 328 280 398 366 319
500 218 192 160 327 206 251 368 334 288
X 22 CrMoV 12 . 510 194 168 139 298 266 221 337 303 256
quenched and 520 170 147 119 270 238 193 308 272 226
tempered to 1.4923 | g3q 148 127 101 242 210 167 278 242 196
900 t0 1050 N/mm2 540 128 108 86 215 183 142 250 215 170
tensile strength 550 109 o1 70 189 158 120 222 185 144
560 92 76 57 166 134 99 196 160 122
570 78 62 45 142 114 81 171 136 101
380 65 51 a7 123 95 65 148 115 84
590 B5 43 a1 104 80 53 126 97 70
600 47 37T 27 87 66 42 108 82 £5
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Table 9. (continued)

Material 0.2 % creep limit for a time 1% creep limit for e time Creep rupture sirength
T:m:’:" of of for
Mate-
Code number risl 10000h i 30000n llOOOOOh 100000 I 300000 llOO 000h| 100600k | 30000k flOOOOOh
number oC N/mm?2 N/mm2 N/mm?2

450 442 413 373 500 478 448 578 560 530
460 408 aso 338 475 450 416 545 522 488
470 376 348 305 450 423 asg 512 485 448
480 344 316 274 424 as2 b8 480 452 410
490 315 285 245 398 356 328 450 415 373
500 286 2587 216 374 338 298 420 382 334
510 261 230 181 348 aie 268 394 353 298
520 238 205 168 a23 281 238 368 323 265

X 19 C:MoVNBN 111 | 1.4813 B30 215 181 143 298 258 210 341 292 232
540 191 158 120 274 224 181 318 262 201
550 170 135 88 250 197 153 289 235 172
560 147 112 - 225 167 - 263 207 144
570 127 90 - 201 138 - 238 180 119
580 1056 68 — 177 110 - 213 158 26
500 88 45 — 154 81 —_ 188 132 75
600 69 23 -— 133 49 —-— 164 111 58
580 245 200 164 358 azg 302 381 352 323
550 240 183 158 338 303 278 364 330 298
600 235 186 147 324 2B8 255 344 308 2758
610 230 180 137 308 264 230 3258 288 251

X B CINiMoBNb 16 16, 1.4986 620 225 170 126 287 242 204 3086 263 228

hot strain hardened 630 210 156 132 268 220 179 287 242 204
640 195 145 a6 247 196 153 2687 220 181
650 176 127 79 2286 171 128 245 196 157
660 145 104 64 204 148 104 221 173 133
670 120 85 51 182 125 a5 198 151 113
500 533 494 452 624 576 530 {745) (666) (578)
510 516 475 426 608 557 504 (711} {633) (545}
520 498 452 | 402 586 533 477 (680) (601) (510}
530 480 430 . av 567 6512 450 646 570 480
540 482 407 . 353 544 488 418 615 538 447
550 445 3ase ! 330 523 465 380 582 bl0 416
560 425 363 309 500 442 362 562 476 384
570 410 344 284 474 412 334 520 445 3564
580 386 321 262 450 386 aos 491 417 327
590 364 299 243 425 361 282 462 382 288
600 343 278 220 358 336 257 433 360 272
510 322 259 201 370 311 230 403 333 247
620 302 238 181 348 289 210 378 io09 292
630 283 220 162 326 265 187 as1 282 198
640 265 202 145 3o3 245 167 325 258 176

NiCr20TiAl 2.4952 650 245 184 128 275 224 149 300 236 157
660 228 189 113 260 202 132 275 212 136
670 211 1562 k:1:3 240 185 115 251 190 118
680 191 138 B4 219 165 a9 229 170 102
690 174 123 72 201 149 85 208 152 88
700 187 110 61 183 133 72 186 133 15
710 140 a6 52 167 118 64 170 118 65
720 125 84 43 150 103 55 163 104 57
730 108 71 35 135 90 47 137 83 49
740 93 61 30 122 79 40 125 82 44
750 83 50 24 106 89 33 114 75 37
760 66 41 20 87 59 29 103 67 33
770 54 33 16 a5 53 24 94 59 29
780 45 25 12 75 46 20 88 53 25
790 33 20 9 68 40 17 78 47 23
800 24 15 5 58 35 16 70 43 20

14
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Table 10, Provisional guidance values for the relaxation properties 1)

DIN 17240 Page 15

for an
Material initial Residual stress in N/mm?
Temperature strain after stressing duration for
Material £ totul
Code number number oG % 1000 h 10 000 h 30 000 h

300 328 325 317
350 314 299 292
400 288 262 250
410 281 252 235
420 273 242 222
430 263 227 200
440 253 211 180

21 CrMoV 57 1.7709

and 480 0.2 224 165 130

40 CrtMoV 4 7 1.7711 470 208 138 108
480 191 117 90
490 172 98 70
500 150 81 56
510 128 67 43
520 109 53 33
530 92 41 25
540 75 33 18
400 255 232 216
410 250 223 206
420 243 212 193
430 234 200 180
440 225 189 170
450 216 173 155
460 208 159 140
470 195 143 125
480 183 130 116

X 22 CrtMoV 12 1 1.4923 480 0,2 170 115 98
500 157 103 85
510 142 91 75
520 127 80 64
530 114 69 54
540 100 60 45
550 87 51 38
560 75 44 30
570 65 37 25
580 56 32 20
400 262 237 206
410 257 231 202
420 252 225 199
430 246 218 195
440 240 212 190
450 234 206 185
460 228 198 180
470 221 191 173
480 214 183 165
490 207 175 157

X 19 CrMoVNbN 11 1 1.4913 500 0,2 199 166 147
510 190 155 136
520 181 143 124
530 171 130 108
540 160 114 92
550 149 98 79
560 134 78 66
570 118 83 53
580 100 48 40
590 80 39 30
600 61 30 21

1) The values given in this Table are the
time to time as further test results be

mean values of the scatter band so far obtained, which will be checked from
come available and if necessary corrected. A test standard is in preparation.

15
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Table 10. (continued)

for an id tress in N/mm2 for an Resid , 2
Material Temper- | initial | eS9ud S / initial esidual s'ﬂ:ftfr‘“ N/mm
) ature strain stressing duration for straln stressing duration for
Material &4 1ol £ total
Code number | py;mper oC % 1000h {10000 k|30 000 R % 1000k |10 000h |30 000 h
450 280 266 266 381 363 342
500 271 250 234 362 336 310
510 269 245 228 356 397 300
520 266 230 221 349 316 288
530 263 239 213 341 305 274
540 259 225 205 331 292 257
550 255 218 196 321 277 237
560 0.15 249 209 187 0,20 309 260 217
570 244 201 176 296 240 199
580 238 193 166 289 220 182
590 231 183 155 268 200 165
600 224 174 144 252 184 149
610 216 163 133 235 169 135
. i 620 208 153 121 293 156 121
NiCr20TiAl | 2.4952 | 3, 200 141 108 207 141 108
640 190 129 96 194 130 a8
650 181 119 85
660 170 107 75
670 160 97 65
680 149 88 56
690 138 79 48
0,15
700 and 127 70 40
710 0.20 117 61 33
720 : 107 53 27
730 97 45 22
740 88 38 17
750 79 31 13
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Round cross-sections

d to 40 mm d over 40 mm

A » - 7 a -
’\ } Tenslle test spacimen lé Natch impact specimen

Figure 1. Position of tension and notch impact specimens

The condition “position of specimen axis at 1/¢ zlong the diameter or
diagonal of cross-section of the specimen section or specimen bar” can
be complied with for

Tensile test specimens with gripped ends of diameter 10 mm:

— for round steel from about 33 mm diameter

— for square steel from about 39 mm side length.

For noich impact specimens of 10 mm x 10 mm cross-section, the corre-
sponding dimensions shall in each case be about 3 mm larger,

The axis of the notch of the notch impact specimen shall be as far as
possible perpendicular to the fibre direction in the material.

The prescribed position from which the specimen is to be taken shall be
complied with as precisely as possible.

17



Page 18 DIN 17 240

800 od T
N/mnf—T X19CrMoVNBN 1 1
700 L1 40CrMovs 7 _|
1 /[ X22CrMoV 12 1, Ry, =900 101050 N./mm?
= S~y X22 CrMoV 12 1, R =B00 to 950 N/mm
- GOU*JQ—_..___\""/ Z_\ 21CrMo V57—
c — ' M Car
B i = NiCr 20 TiAl
S 5D0f] e ‘\
$f == e NN
= = —— M e, W =~
£ 5400 S
E®™  r24CrMoS, 2#100mm~ =R NN
£ ©300}24 CrMes, =0100%F p160mme o
=2 0 h— \'\
.
200 — X BCrNIMoBNb 15 16
-Ck 35 and Cg 357 e
100
d
o 100 200 300 400 5080 600 700 °C B0

Test temperature —

Figure 2. Minimum yield point or 0.2 % limit values as a function of
the test temperature (the values in Table 5 apply) (R, = Tensile strength)

320
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280
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: Steeiswith = 12% Cr
200 :"'-- ] P |
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g &0
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0 100 200 300 400 500 600 700 °C BOO

Test temperature —=

Figure 3. Guide values for the static modulus of elasticity (see also Table 6)
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Figure 4. Guide values for the 0.2 % creep limlit as a function of temperature (see also Tabie 9) (R,,, = Tensile strength)
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Figure 5, Guide values for the 1.0% ereep limit as a function of temperature (see also Table 2) (Ry, = Tensile strength)
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Figure 7. Guide values for the relaxation reslstance as a function of temperature (see also Table 18}
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Explanations

This new issue of DIN 17 240 replaces the January 1959
version of Standards DIN 17 240 Part 1 “Heat resisting
steels for bolis and nuts; technical conditions of delivery”
and Part 2 “Heat resisting steels for bolts and nuts;
quality specifications", Its contents differ from the
stipulations in the 1959 issues essentially in the foliow-
ing aspects:

1 Selection of materials

The steels

C45 (Material number 1.0503),
Ck45 (Material number 1.1191),

24 CrMoV 55 {Material number 1.7733),

21 CrMoV 511 (Material number 1.8070) and
X15CMo 121 (Material number 1.4920; still

material number 1.4921, now
obsolete, in the 1959 issue of
DIN 17 240)

have been deleted and the steels or alloys

Cg3ds (Material number 1.1172),
21 CrMoV 57 (Material number 1.7709),
40CrMoV 47 (Material pumber 1.7711),

X 19CrMoVNbN 111 (Material number 1.4913) and
NiCr 20 TiAl (Material number 2.4952)

have been newly adopted.

The cold upsetting steel Cq 35 is being increasingly used
for nuts and smaller diameter screws {to about 20 mmj.
The grade 21 CrMoV 5 7 replaces the grades 24 CrMoV 5 5
and 21 CrMoV 5 11. On the basis of studies carried out
by the Research Association for Heat Resisting Materials,
@ co-opetative body in which steel producers and users
are represented, the latter two grades do not, as might
be supposed from the guidance values given in

DIN 17 240 Part 1 and Part 2, January 1959 issues,
have better values than the new grade, particularly with
regard o creep behaviour. Bolts and nuis of these two
older steels that are still in stock may however be used
witheut reservation in piace of bolts or nuts of steel

21 CrMoV 5 7.

The grade 40 CtMoV 4 7 is equivalent to grade B 16
according to ASTM A 193, It is distinguished by the
fact that even at 550 °C it still has a relatively high

0.2 % limit values and for this reason and because

of the good results obtained with it abroad, has been
adopted in DIN 17 240, although it does not fulfil the
requirements of the AD Data Sheet (November 1970
issue) (steel bolts and nuts) in respect of DVM absorbed
energy (=8 kgm/cm? comesponding to = 55 J for alloy
steels or = 6 kgm/cm2 cormesponding to = 41 J for
unalloyed steels) (see Tahle 4).

The former nut steel X 15 CrMo 121 (material number
1.4920; see above) has been deleted because, on the
basis of more recent knowledge on the possibilities of
coupling nut and bolt materials, steel X 22 CrMoV 12 1
(material number 1.4923) can be used for both bolts
and nuts.

The steel X 19 CrMoVNbN 111 (material number
1.4913) and the ailoy NiCr20TiAl (material number
2.4952) have been adopted in this Standarg because
they are being increasingly used,

2 Relaxation resistance

In order to assess the quality of a bolted connection, in
general it is important to know the extent to which the
materials used tend to lose with time at their service
temperature, the initial pre-stress they have been given,

because an increasing proportion of the total strain
consists of permanent deformation,

As a supplement to the information on long-time high
temperature strength contained in Table 9, Table 10
therefore contains provisional guidance values on the
relaxation resistance of the materials in this Standard,
expressed in terms of the residual stress as a function
of temperature and duration of stressing for a given
initial strain on the bolt. These values provide no infor-
mation on maximum permissible stressing, They do
however give an indication as to the intervals at which
it is advisable to re-tighten bolted connections in order
to restore the required pre-stress. In general, it js
advisable to replace bolts after a permanent strain of
1% has been reached,

The values given in Table 10 are mean values of the
scatter band so far recorded. They will be checked from
time to time as further test results become available and
if necessary corrected. On the basis of information so
far available from tests of to =~ 30 000 hours, it can be
assumed that the lower limit of this scatter band is
about 20 % lower than the quoted mean value at the
temperatures given for the steel grades listed.

The values given have been determined in relaxation
tests on smooth test bars under uniaxial tensile stress
or using the models of bolted connections described in
the literature.

3 Absorbed energy

The values of absorbed energy applicabie to DVM speci-
mens have in some cases been considerably increased
(Table 4} compared with the values formenly stipulated,
on the basis of recent statistical evaluations, In addition,
minimum values of absorbed energy applicable to ISO
V.notch spectmens have been adopted in this Standard.
In some cases, there was only relatively little test
documentation available for these. All those involved
are requested to collect and report any further test
results on absorbed energy so that the present stipula-
tions can be checked on this basis and if necessary
subsequently modified. This applies particularly to the
materials newly adopted in the Standard as mentioned )
ahove. :

4 Transverse specimens

During the discussions, differences of opinion arose as
to whether the values given in Tables 4 and 5 for the
yield point (or 0.2 % limit) and tensile strength

could also be standardized for transverse specimens
taken from the core in the case of steel Ck 35 for
example. For this reason, as in DIN 17 200 — quenched
and tempered steels —sampling has not yet been defi-
nitely stipulated in this Standard in the case of transverse
specimens, but left open for agreement to be made

(see Section 8.3.2).

5 Extent of hardness testing

On the basis of the earlier stipulations {see DIN 17 240
Part 1, Section 3.23, of January 1959 issue) irrespective
of the diameter, every bar had to be subjected to a
hardness testing in order to check the uniformity of the
delivery. On the basis of statistical evaluations on yni-
formity of deliveries and the use of special processes
for monitoring uniformity of the products in 2 number
of manufacturing works, it has heen possibie to eliminate
this testing effort completely (see Section 8.2 3).
According to the circumstances of individual manufac-
turers, agreements should be made for a further reduc-
tion in the extent of testing.
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