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DIN EN ISO 898-1:2009-08

MNational foreword

This standard has been prepared by Technical Committee ISOVTC 2 "Fasteners” in collaboration with
Tachnical Committaa CEN/TC 185 “Fasteners” (Secratariat: DIMN, Germany).

The rasponsibla German body invaelved in ils preparation was the NMormenausschiuss Mechamsche Verbin-
dungselemente (Fasteners Standards Committee), Technical Committee NA D67-02-01 AA Mechamische
Eigenschaften fiir Schrauben aus Stahi.

Users of this standard should note that when a strength of over 1 200 MPa is required, use of bolts, screws
and studs of property class 12.9 is recommeanded.

Tha DIM Standards carresponding to the Intarnational Standards rafarrad to in this document are as follows:

IS0 B8-1 DI 150 681 IS0 9654 DIM 150 965-4

150 225 DIM EM 20225 150 4042 DIM EN 150 4042
IS0 261 DIM 150 261 IS0 B157-1 DIM EM 261571
120 262 DIM 120 262 150 B157-3 DM EM 26157-3
150 273 DIM EM 20273 IS0 B506-1 DIM EN 150 6506-1
120 724 DIMN 120 724 120 6507-1 DIM EM 150 6507-1
150 898-2 DIN EM 20898-2 150 6508-1 DIN EN 150 6508-1
150 898-5 DIN EM 150 898-5 130 7500-1 DIM EN 150 7500-1
150 898-7 DIN EM 20898-7 150 10683 DIM EN 150 10683
150 965-1 DIN 150 965-1 130 10682 DIM ENM 150 10684
150 965-2 DIM 150 965-2 150 16426 DIM ENM 150 16426
Amendments

This standard differs from DIN EM IS0 898-1:1999-11 as follows:

a) The scope has been revisad.

b) Table 2 “Sieals® has been revised,

¢} The mechanical properties in Table 3 have been revised.

d)  Test programmes A and B have been replacad by six test series,

e} Tests are now specified in clause 9.

f}  Marking provisions for fasteners with reduced loadability have been included.

g} The Informaticn in Annex B on the temperature range at which the fasteners can be used has been
modified.

h) Informaticn on elongation after fracture in Annexes A and C has been included.
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Pravious editions

DIMN 266: 1931x-03

DIM 589 1931-07, 1934-01

DIN Kr 550: 1536-03

DIM 267: 1940-08, 1943-01, 1954-01, 1960-12
DIN 267-1: 1837-04

DIM 267-2: 1937-04

DIN 267-3: 1867-10

DIM 267-7: 1968-05

DIN 150 898-1: 1975-04, 1989-01
DIN EM 20888-1: 1992-04

DIN EM IS0 B98-1: 1898-11

National Annex NA
(informative)
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Foreword

This document (EN 150 898-1:2009) has been prepared by Technical Committes ISQTC 2 "Fastensrs” in
collaboration with Technical Committee CENTC 185 "Fasteners” the secretariat of which is held by DIN,

This Evropean Standard shall be given the status of a national standard, either by publication of an identical
text of by endorsemant, at the latest by October 2009, and conflicting national standards shall be withdrawn at
the latest by October 2009

Attention is drawn to the possibility that some of the slemants of this document may be the subject of patent
rights, CEN [and/or CEMELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 150 898-1:1899,

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
counties are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, lceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Nethedands, Norway, Poland, Partugal, Roemania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

Endorsement notice

The text of IS0 §98-1:2009 has been approved by CEN as EN 150 895-1:2009 without any modification.
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1 Scope

This part of IS0 B3 specifies mechanical and physical properties of bolts, screws and studs made of carbon
steel and alloy stesl when tested at an ambient temperatura rangs of 10 °C to 35 °C. Fastenars — the term
used when bolts, screws and studs are considered all together — that conform (o the requirements of this part
of 150 B98 are evaluated at that amblent temparature range. Thay might ot retaln the specified mechanical
and physical properties at elevated temperatures (see Annex B} andfor lower iemperatures,

MOTE 1 Fasteners conforming to the requirements of this part of 150 808 are used in applications ranging from -50 *C
to +150 "C. Users are advised to consult an experienced fastener metallurgist for termperatures outside the range of
-80°C to +150 °C and up 1o a maximum temperature of +300 "C when determining appropriate choices for a given
application,

MOTE 2 Infarmation for the selection and application of steels for use at lower and elevated temperatures is given, for
example, in EM 102608, ASTM F2281 and in ASTM A 32008 3208

Certain fasteners might not fulfil the tensile or torsional requirements of this part of 150 8981 because the
geamalry of their haads reduces the shear area in the head compared to the stress araa in the thread. These
include fastaners having & low head, with or without external driving feature, a low round or cylindrical head
with internal driving feature or a countersunk head with internal driving feature {see & 2).

This part of 130 895 is applicable to bolts, screws and studs

a) made of carbon steel or alloy steel,

b) having friangular 130 metric screw thread according (o 150 68-1,

¢} with coarse pitch thread M1,6 to M358, and fine pitch thread MS8:=1 to M39:3,

d) with diameter/pitch combinations according ta 150 261 and 150 262,

e) having thread tolerancas accarding o 150 B65-1, 150 965-2 and 150 965-4.

Itis not applicable to set scraws and similar threaded fastenars not under lansile stresses (ses S0 B98-5).

It does not specily reguirements for such properlies as

—  weldability,

— carrosion resistanca,

— resistance to shear siress,

torguelclamp force performance, or

— fatigue resistance.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the aedition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

IS0 68-1, 150 general purpose screw threads — Basic profile — Part 1; Mefric screw fhreads

IS0 148-1, Mefallic maferials — Charpy pendulum impact test — Part 1, Test method

150 225, Fasteners — Bolfs, screws, studs and nuts — Symbols and designations of dimensions

150 261, 130 general purpose mefnc screw threads — General plan

IS0 262, 150 general purpose melrc screw threads — Selected sizes for screws, bolfs and nufs

150 273, Fasteners — Clearance holes for bolfs and screws

150 724, 150 genersl-purpose metric screw threads — Basic dimensions

IS0 898-2, Mechanical properfies of fasteners — Fart 2; Nufs with specified proof load values — Coarse
thread

150 898-5, Mechanical properties of fasteners made of carbon steel and alloy steel — Part &, Set screws and
similar threaded fasteners not under fensile sfrasses

120 898-T, Machanical properties of fasteners — Part 7 Torsional test and minimum torgues for bolts and
scraws with nominal diameders 1 mm to 10mm 1

150 965-1, 150 general-purpose mefnc screw threads — Tolerances — FPart 1, Principles and basic dafa

150 965-2, 150 general purpose melric screw threads — Tolerances — Pant 2) Limits of sizes for general
purpase external and internal screw threads — Medium guality

IS0 965-4, 150 general purpose metnc screw threads — Tolerances — Pant 4: Limits of sizes for hot-dip
galvanized external screw threads fo mate with intemal screw threads tapped with folerance position H or G
after galvarnizing

IS0 4042, Fasteners — Eleciroplaled coalings

150 488518596, Ferrous products — Heal freatments — Vacabulary

IS0 61571, Faslenars — Surface discontinuilies — Parf 1: Balis, screws and siuds for general requirements
IS0 6157-3, Faslenars — Surface discontinuilies — Parf 3: Bolls, screws and studs for special requiremeanis
IS0 6506-1, Melallic malerials — Brinell hardness test — Parl 1: Tes! melhod

IS0 85071, Melaliic malerials — Vickers hardness les! — Parf 1: Tes! method

IS0 85081, Melaliic malerials — Rockwell hardness tes! — Pard 1! Test method (scales A, B, C, D, E F G, H,
KN T)

IS0 6892-1, Metallic materials — Tensile testing — Part 1. Method of test at room temperature 2

1) Under revision,
2) To be published. (Revision of 150 6892:1998)
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150 7500-1, Metallic  matenals — Verification of static  wniaxial tesfing machines — Part 1
Tension/comprassion testing machines — Verification and calibration of the force-measurnng system

150 10683, Fastenars — Non-glectrolytically applfed zinc lake coatings
150 10684:2004, Fasteners — Hot dip galvanized coatings

IS0 16426, Fastenars — Quaillly assurance system

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

finished fastenar

fastener for which all manufacturing steps have been completad, with or without any surface coating and with
full ar reduced loadability, and which has not been machined into a test piece

3.2
machined test piece
test pieca machined from a fastener to evaluale matenal properties

33

full-size fastener

finished fastener with a shank diameter of o, > o or o, = d, or screw threaded to the head, or fully threaded
siud

34
fastener with waisted shank
finished fastenar with a shank diamater of 4 < 4,

35

base metal hardness

hardness closest to the surface (when fraversing from core to outside diameter) just before an increase or
decrease occurs, denating, respectively, carburization or decarburization

36
decarburization
depletion of carbon from the surface layer of a ferrous product

(IS0 4885:19986]

37

partial decarburization

decarburization with loss of carbon sufficient to cause a lighter shade of tempered martensite and significanthy
lower hardness than thal of the adjacent base melal without, however, showing ferrite grains under
metallographic examination

38

complete decarburization

decarburization with sufficient carbon loss to show the presence of clearly defined ferrite grains under
metallographic examination

39
carburization
result of increasing surface carbon to a content above that of the base metal
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4 Symbols and abbreviated terms

For the purposes of this document, the symbols and abbreviated terms given in 150 225 and |50 965-1 and
the following, apply.

A
4,

'43.“!2!1‘\

Agy
3

Percentage elongation after fracture (of machined test piece), %
Elangation after fracture for full-size fastener

Mominal stress area in thread, mm?

Cross sectional area of waisted shank. mm?

Thread length, mm

Thread length of stud {metal) and, mm

Mominal thread diameter, mm

Diameter of machined lest piece, mm

Basic minor diameter of external thread, mm

Basic pitch diameter of external thread, mm

Minor diameler of external thread, mm

Transition diameter (internal diameter of the bearing face), mm
Hale diameter of wedge or block, mm

Diameter of unthreaded shank, mm

Height of non-decarburized zone in thread, mm

Litimate tensile load, N

Minimum ultimate tensile load, N

Proal load, M

Load at 0,004 8 4 non-proportional elongation for full-size fastenar, N
Depth of complete decarburization in thread, mm

Height of fundamental triangle, mm

Haight of extarnal thread in maximum material condition, mm
Height af the head, mm

Impact strength, J

Mominal length, mm

Taotal length of fastener before loading, mm

Total length of fastener after first unloading, mm

Total length of fastener after second unloading, mm

Length of unthreaded shank, mm

Cwaerall bength of stud, mm

Free threaded length of fastener in testing device, mm
Length of straight portion {of machined test piece), mm
Original gauge lanagth (of machined tasl pleca), mim
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Total length of machined test piece, mm
Final gauge length (of machined test piece), mm

Plastic elongation, mm

Mg Breaking torque, Nm

P Pitch af thread, mm

r Fillet radius, mm

far Lower yield strength for machined test pisce, MFa

L. Tensile strength, MPa

Aoz Stress at 0,2 % non-proportional elongation for machined test plece, MPa
R Stress at 0,0048 4 non-proportional elongation for full-size fastener, MPa
£ Width across flats, mm

S Cross-sectional area of machined test piece before tensile test, mm?

_‘ip Stress under proof load, MPa

5y Cross-sectional area of machined test piece after fracture, mm®

z Percentage reduction of area after fracture for machined test piece, %

I Wedge angle for tensile fest under wedge loading

i Angle of the solid block for head soundness test

rom Subscript added to symbal to danata nominal value

max Subscript added to symbaol to denote maximum value

min Subscript added fo symbol to denate minimum value

5 Designation system for property classes

The symbel for property classes of bolts, screws, and studs consists of two numbers, separated by a dot (see
Tables 1 ta 3):

the number to the lefl of the dot consists of one or two digits and indicates 1/100 of the nominal tenzile
strength, ., (o in megapascals (see Table 3, No. 1);

the number to the right of the dot indicates 10 times the ratio between the nominal yield strength (lower
yield strength), #g qop. or nominal stress at 0.2 % non-proportional elongation. & 5 o, 07 nominal
stress at 00048 4 non-proportional elongation, Rernam (see Table 3, Nos. 2 to 4), and the nominal tensile
strangth, £ as specified in Tabla 1 (yiald strangth ratio).

m,name

Table 1 — Ratio of nominal yield strength and nominal tensile strength

Number right of dot B k] kel
R R g,
=L nom o 0.2 nom ar al nom 0.6 0.8 0.8
""!mr-urn |""--11.m5|1'- |"‘m.m:ln'.

EXAMPLE A fastener of nominal tensile strength & = 800 MPa and with & yield strength ratio of 0.8 has the
property class designation 8.8, A fastener with the same material properties but with reduced loadability s designated by
08.8 (see 10.4)



DIN EN 150 898-1:2009-08
EN IS0 898-1:2009 (E)

The multiplication of the nominal tensile strength and the yield strength ratio gives the nominal yield strength
in megapascals (MPa). Information on the relationship batween the nominal tensile strength and elongation
after fraciure for each property class is given in Annax A,

Marking and labelling of bolts, screws and studs with property classes shall be as specified in 10.3. For
fasteners with reduced loadability, specific marking symbaols are specified in 10.4.

The designation system of this part of 1S0 888 may be applied for sizes oulside the scope of this part of
IS0 898 (e.g. d = 39 mm), provided all applicable requirements in accordance with Tables 2 and 3 are met.

6 Materials

Table 2 specifies limits for the chemical composition of steels and minimum tempering temperatures for the
different property classes of bolls, screws and studs. The chemical composition shall be assessed in
accordance with the relevant International Standards,

NOTE Mational regulations for the restriction or prohibition of certain chemical elements will akso have to be taken
into account in the countries or regions concemed.

For fasteners that are to be hot dip galvanized, the additional material reguirements given in 150 10684 apply.
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Table 2 — Steels
Chemical T -
composition limits empenng
Preperty i (cast is, %) * temperature
il Material and heat treatmant cast analysis,
G P 5 BT c
min, k. =k s, TIEE. min,
4650
P — 0,55 | 0,050 | 0,060 z
4.8 I
5GC Carbron steel or carbon steal with additives 013 | 055 | 0050 | 0,060 E_ —
m
58° — | o055 | 0050 | ooen | B
687 015 | 055 | 0050 | 0,060
Carban steel with additives (e.g. Boron or Mn o
ar Cr) guanched and lempared 0.1e 040 | 0,025 | 0,025
ar
f 0,25 | 055 | 0025 | 0,025
8.8 Cartan stesl quenched and lempered 0,003 425
ar
0,20 | 055 | 0025 | 0,025
Alloy steel quenched and tempered 9
Carbon steel with additives (e.g. Boron or Mn a
or Cr) guenched and tempared 0.15 0.40 | 0,025 | 0,025
ar
f 025 | 055 | 0025 | 0,025
9.8 Carbon steal quenched and tempared 0,003 425
ar
0,20 | 055 | 0025 | 0,025
Alloy steel qguenched and temperad 9
Carbon steel with additives (e.g. Boron or Mn
ar Cr) quenched and tempered 020 055 | 0,025 | 0.025
ar
f 0,25 | 055 | 0025 | 0,025
10.8 Carbon steel quenched and tempered 0,003 425
ar
020 | 055 [ 0025 | 0025
Alloy steel quenched and tempered 7
12800 Alloy steel quenched and tempered 8 0,30 | 050 | 0025 | 0,025 | 0,003 425
thi | Carbon steel with additives (e.g. Boron or hn
123 ar Cr ar Molybdenurn) quenched and tempered 0.28 | 050 | 0.025 | 0.025 | 0,003 380

#  Incasa of dspute. the product analysis applies
b Boron content can reach 0,005 %, pravided thal non-efective baron is conbralled by additon af litaniem andior aluminam.

& For cold forged fasteners of propery casses 4.6 and 5.8, heat freatment of the wine used for cold farging or of the cold forged
fastanar itself may ba nacessary to achieve required ductibity.

2 Free culting steel is allowed for these properly classes with the following mesxsmum sulphur, phosghorus and lead conberis:
sulphur 0,34 %: phosphonis 0,11 %: lead 0,35 %.

¥ In zasa of plain carbon boron steed with a carbon content below .25 % (cast analysis), the minimem manganese content shall be
0,6 % for propesty class 8.8 and 0.7 % for 9.8 and 109,

f Fer the materials of these property dasses, there shal be a suMficient hardenabilty 1o ensure a structure consisting of
appraximalely 90 % mantensite in the care of the hreaded seclions for (he Tasteners in the “as-hardened” condilion befone tempsering.

% Triz alloy steal shall contain &t least one of the folowing elements in the mnimum quantity given: chromium 0,30 %, nickal
0,30 %, molybdanum 0,20 %, vanadium 0,10 %. Whare alements are speciied in combmnations of two, three or fouwr and have alloy
contents less than those given abave, the limit vales 1o be applied for steel class determination ta 70 % of the sum of the individual lima
values shaown above for the two, three or four elements concarmed,

B A metallegraphically detectable white phosphons erdched kyer is not permitted for propery class 12,912.9, 18 shall be detected
by a suitable test method
i Caution s advised when the use of property class 12.8012.9 is considered. The cagabdity of the fastemnar manufacturer, the service

conditions and the wrenching methods should be considered. Emdronments may cause sbress cormosion cracking of faslaners as
processed a5 wall as lhose coaled.

10
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7 Mechanical and physical properties

The bolls, scraws and studs of the specified properly classes shall, al ambient temperature 3, meet all the
applicable mechanical and physical propedies according to Tables 3 fo 7, regardless of which tests are
performed during manufacturing or final inspection.

Clause 8 sets forth the applicability of test methods for wverifying that fasteners of different types and
dimensions fulfil the properties according to Table 3 and Tables 4 lo 7.

NOTE1  Ewen if the steel properties of the fasteners meet all relevant requirements specified in Tables 2 and 3, some
types of fasteners have reduced laadabllity due to dimengional reasons (see 8.2, 9.4 and 9.5),

NOTE 2 Although a great number of propesy classes are specified in this part of 130 808, this does nat mean that all
classes are approgriale for all fasleners. Further guidance for application of the specibc properly dasses is given in the
redavant product standards. For non-standard fasteners, it is advisable to follow as closely as possible the choice already
made for similar standard fasteners.

Table 3 — Mechanical and physical properties of bolts, screws and studs

Property class
46 | 48 | 56 | 58 | BB BB 0.8 | 109 :g
No. Mechanical or physical property -
d= d= | d=
16 18 16
mmd | mm® [ mm
1 | Tensie strengi, &, MPa nom, © 400 500 00 BOO 400 | 1000 120
min. | 400 | 420 | 00 | 520 | @00 | 800 | @30 | SO0 | 1040 1ZH0
Cl240 [ — (20| — [ — — — - - =
2 | Lower yisld strength, i, 9 MPa rem
min, | 240 | — | Md | — | — = - — | = | =
Strass at 0.2 % non- mom.®| — | — — — | — G40 G40 | T20 | w00 | 1080
3 | proportonsl elongation,
fiog 2 MPa i, — | — | = | — | — | &40 | &&0 | V20 | 940 1900
Stress al 0DME J nan-proportional pom. © | == | 320 | = | 400 | 480 | — - =]1=1-
* | elongation for fullsize fasteners, R, MP2
FHir — 40T — 420% | 480% —_— _ —_— —_— —
Stress under prool load, 5 ! MPa nom F26 [ W0 | F0 | 380 | 440 | a0 G | @50 | B30 | &70
[ 'I'.pnnnrmuL min T
Prood strength ratio S P 084 | 091 | 093 | 080 | 0852 | 091 | 091 | 080 | 088 | 088
jn.rllirfrj.pfrrh'l
B o ol fracture for mn | 22| — |2 | —| — |2 |12 |08
Parcantage raduction of ares aftar
T | fracture for machined test pacas, 2. % fn - =2 48 [ 48 | 44
Elongation after frecture for full-size
B | festenens, 4, min. — |02 | — | 022|020 — — — — —
{=aa also Annax C)
8 | Head soundnass Mo fraciura

3} Impact strength is tested at a temperature of -20 °C (see 9.14).
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Table 3 (confinued)

Proparty class
46 |48 | 56 | 58 | 68 88 9.8 | 109 ;ﬂ"
Mo, Mechanical or physical property
o = i il &
16 8 (16 m
|'|'"i|'|a I'I"1'Il:I m
4 | Vickers hardness, HY min. | 120 [ 130 | 165 | 160 [ 190 | 260 | 255 | 290 | 320 | 385
F=98N — 2208 250 | 320 | 335 | 360 | 380 | 435
1, | Beined hardness, HBW min, | 114 | 124 | 147 | 162 | 181 | 238 | 242 | 276 | 304 | 368
#= 3007 i, 2008 236 | a4 | MB | 342 | 381 | 414
min, &7 | T | 79 | 82 B —
Rockwall hardness, HRE
5 AN, 9509 98,5 —
i
min, - 22 23 | a2 ki)
Reockwall hardness, HRC
miak, - 32 34 | 44
13 | Surface hardness, HV 0.3 &K, - h ni hj
14 I-_Ioalghtufnun-denﬂmuﬁzeﬂ thread zona, min. _ iy, Sy, | Hert,
£, mim
Esr:tar;nlwrr':lm decarburization in the — _ 015
15 | Reduction of hardness afler retermpering. HY - max. — 20
16 | Breaking forgue, A, Nm min — in accordanice with 150 898-7
17 | Impact strength, &, %', J min, — | w | - 27 | 7 | el | 27 m
150
18 | Surfaca integrity in accordance with 150 615717 1573

A Walues do not apply for struchural bolting.

Y For structural Boliing o = M2,

% Nominal vebues ara spacified anly for the purpose of the dasignation system for property classes. See Claussa 5.

4 In cases where the lower yield slirength R cannol be determined, il is parmissible to measure the stress al 0,2 % nor-pregarional
elongaticn B

®  For tha property classes 4.8, 5.8 and 6.8 tha valuas for Fip i Ar8 ungar investigation. The present values ara givan for calculation
of the proof stress ratio only. They are not test values.

1 Praaf leads are specified in Tables § and 7.

9 Hardness detarmined &t the and of a fastaner shall ba 250 HY, 238 HB or 39,5 HRB maximum.

T Surface hardness shall not be mare than 30 Vickers points above the measured core hardness of the fastenar when delermination
ol balh gurface hardness and cone handnass are cariad oul with HY 0,3,

' Any increasa in hardnass at the surface which indicates that the surfacae hardness excesds X0 HY is not acceptable.

! Any increase in hardness al the surface which indicates that the surface hardness excesds 435 HY i nol acceptable.

© VWalues are determingd at a lest lemperature of 20 °C, ses 514
' Applies to 4 = 16 mm

T Walue for K, is under investigalion,

" Instead of IS0 B157-1, IS0 6157-3 may apply by agresmant batwean the manufacturer and the purchasar,
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Table 4 — Minimum ultimate tensile loads — IS0 metric coarse pitch thread

Hominal Proparty class
Thr:lnd“ “:‘“ Y 45 s6 | s8 | 68 | aa LY 109 | 129129
- Minimum ultimata tensile load, £, (4, <&} N
M3 5.03 200 2110 2510 2620 3020 4020 4 530 5230 & 140
M35 .78 2710 2 850 3350 530 4070 5420 G100 7050 B 270
hed 8,78 3510 3600 4360 4 570 5270 7020 T a0h 9130 10 700
M5 14.2 5680 5 G50 00 ¥ 380 B520 11 350 12800 | 14800 17 300
ME 201 8040 8440 10 000 10 400 12100 16 100 18100 | 20900 24 500
M7 288 100 | 12100 | 14400 | 15000 | 17300 | 23100 | 26000 | 30100 | 35300
ME %6 14600%| 15400 | 18300%| 1ooo0 | zoooo | zez0ot| azomo | 3a100T| 440
M10 58 23200°| 24400 | 29000°| 30200 | 34800 | 46400°| 52200 | BO300C| 700D
M1z Ba.3 13700 | 35400 | 42200 | 43800 | 50600 | 674007 | 75900 | E77O0 | 103 D00
M4 115 4 000 48 300 &7 G00 59 800 69 000 aroan® | 104000 | 120 000 140 000
Mig 167 62 800 G5 800 T8 500 81800 34000 | 1250007 | 141000 | 163 000 192 000
M8 192 76 800 B0 600 96 000 S9800 | 115000 | 159000 — 200 000 234 000
M0 245 48 000 100000 | 122 000 127000 | 147000 | 203 000 — 255 000 295 000
M2 303 121 000 127 000 | 152 000 158000 | 182000 | 252 000 — 5000 370 000
Mz 353 141000 | 148000 176000 | 184000 | 212000 | 253 000 —  |aTono | 431000
mz7 asa 184000 | 193000 | 230000 | 239000 | 275000 | 381000 —  laromo | seoooo
M3 561 224000 | 236000 (230000 | 292000 | 337000 | 464 000 — |5a3poo | 684000
M1 Ao 278000 | 292000 |347000 | 351000 | 416000 | 576000 —  |722000 | 847000
M6 817 327000 | 343000 [40BO0DO | 425000 | 490000 | 678 00D —  |ssoooo | @97 000
M3 arg 80 000 410000 | 486 00D B08 000 | 586000 | 890000 — 1020000 | 1200000

2 \Where no thread pitch is indicated in a thread designation, coarse pitch is specilied.

B Tocalculste A, ., 588 9.1.6.1,
S For fastaners with thread toleranca Gz according 1o 150 9654 subject to hot dip galvanizing, reduced values in sccordance
wath 150 106842004, Annex A&, spply.

9 For structural bofting 70 000 M ffor M12), 95 500 M ifor M14) and 130 000 M ifor M16).
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Table 5 — Proof loads — IS0 metric coarse pitch thread

Hominal Property class
Theead® | “wea | 46 | 4B s6 | s8 | a8 88 | a8 | 103 | 1200128
d b
" nom
L Proof load, 7, (4, ... 5, o). N
M3 503 | 1130 1560 | 1410 1890 | 2210 | 2820 szr0 | 4180 4 880
M35 678 | 1530 2100 | 1900 2580 | zmE0 | 3940 4410 | 563 & 580
Ma 878 | 1380 2720 | 2480 30 | 3860 | 5100 5710 | 7280 8520
M5 142z | 3200 4400 | 3%@0 5400 | 6250 | @330 p2m0 | 11800 | 13800
ME 201 | 4520 B230 | 5630 7640 | EB40 | 11800 | 13100 | 16700 | 19500
M7 288 | 6500 BOGD | 8090 | 11000 | 12700 | 16800 | 1BBOO | 24000 | 28000
Mg W6 a24n° 11 400 10200 ° 13 900 16 100 21200°( 23800 30400 © 35 500
Mi0 58 13000° 16 000 16 200° [ 22000 25 500 IATOOE [ AT V0D 48 100 = 56 300
M2 B43 19 000 26100 3600 32 000 37100 480009 54800 0 000 81 800
M4 115 25 900 35 600 32 200 43 700 50 GO &6 100 9 T4 8OO a5 500 112 000
M16 | 157 | 35300 | 48700 | 44000 | s9700 | 60100 | o10009| 1ozo00 | 130000 | 152000
M18 | 182 | 43200 | 59500 | 53800 | 73000 | 84500 | 115000 — 153000 | 186000
M20 | 245 | S5100 | 78000 | 64600 | 83100 | 10BODO | 147000 — | 203000 | z3@ooo
M22 | 303 | 68200 | 93900 | B4800 | 115000 | 133000 | 182000 — | 252000 | 284000
M24 | 353 | 79400 | 109000 | SAB00 | 134000 | 155000 | 212000 — | ze3p00 | 342000
M 458 103 000 142000 | 128000 74000 [ 202000 | 276000 -_ 381 000 445 000
M0 661 126 000 174000 | 157 000 213000 [ 247000 | 337 00D — 466 D00 544 000
M3 Gt 156 000 25000 | 194 000 24000 [ 305000 | 416000 e 576 000 73 000
M38 | B17 | 1B4000 | 253000 | 225000 | 310000 | 350000 | 490000 78000 | 792000
M3a | o768 | 220000 | 303000 | 273000 | 371000 | 420000 | SBA 000 - B10000 | 947 D00

B Tocalculate RE—TTY -2

1.8.1.

A \Whera no thread pilch is indicated in a thread designation, coarse pitch is specifiad,

% Faor fastenars with thread tolerance Gaz according to 150 865-4 subjact to hot dip galvanizing,
wilh IS0 10684:2004, Annex A, apply.

9 For structural baling 50 700 N (for M12), 68 800 M (for M14) and 84 500 M (for M16)

raducad values In socordanca

Table & — Minimum ultimate tensile loads — 150 metric fine pitch thread

Nominal Property class
Thread E;::?;E 4.6 | 4.8 | 5.6 | 5B | BE | B8 | 9.8 | 10,9 12.8/112.9
if = a
J;’:ﬂ'& Minimum ultimate tensile load, & (4, = 8 0 W

M8 =1 3.2 16700 [ 16500 | 19600 ( 20400 23 500 1 260 35 300 40 80g 47 800
M10 % 1,25 61,2 24 600 [ 25700 30600 | 31800 A6 TOD 49 (00 55 100 63 GO0 74 700
Mi0 =1 64,5 26800 | 2T100) 32300 33500 a8 7o 51 00 58 100 &7 100 T8 700
Mi2=15 aa 35200 | ATO00 | 44 900 45800 52 900 70 500 T4 300 1 600 [ 107 000
M12 = 1,25 @2 36600 | 3BTO0 | 46900 | 47 900 55 300 7370 B2 600 a5 800 [ 112 000
Mid =15 125 50 000 52 500 B2 500 65 000 75 000 100 a0 112 D00 130 000 152 Qa0
MiG6 =15 167 G600 | TO100 | B3 500 | &6 800 100000 | 134000 | 150000 174 000 | 204 000
Mi8=15 Al BE 400 | 9 T00 | 108000 [ 112 000 130000 | 179000 — 226000 | 354 000
M20x1,5 22 100 000 | 114 000 | 136 000 | 141 000 13000 | ZEG 000 — 283000 | 332000
M22x15 333 133 000 | 140000 | 166000 | 173 000 200 000 276 000 —_ 346 000 406 000
M248 = 2 384 154 000 | 161 000 | 182 000 | 200 230 000 319 000 398 00D 459 000
M2T 2 456 1968 000 | 208000 | 248 000 | 258 000 298 000 | 4192 000 S1G 000 | 605 000
M30 =2 21 246 000 | 361 000 [ 310000 | 323000 | 3ITI000 ( 595000 — G46 000 | 758000
M3z 2 761 304 000 | 320000 [ 380000 | 396000 | 457000 [ 632 000 — 791000 | G28 000
M3G =3 BES 346 000 | 33000 [ 432000 | 450000 [ 519000 | V48000 — 400 000 | 1 085 000
M3 =3 1030 412000 | 433000 [ 515000 | S36000 | 618000 (855000 — 1070000 [ 1 260 000
B Tocakulate £, see 9161,
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Table ¥ — Proof loads — 130 metric fine pitch thread

Hominal Property class
Theoad | amen 46 | 48 | s8 | s8 | &s 88 | 98 | 109 | 128429
d=r a
A . -
by Proofload, £, (1, .0 % 5, o) N

ME 1 18,2 gazn| 12200 11oo0| 1ssoa| d7zon| z27on| 2sson|  azmoa|  mmoao
M10x 1,25 81,2 13 800 19000 17 100 23 300 26 500 35 BOD 39 800 &0 BOO 55 400
MA0x 1 845 14 500 20000 16 100 24 500 28 400 A7 400 41 900 53 500 &2 700
M1Zx 1.5 8.1 sgmo0| 2raon| 247oo| s3soo| 3mmoo|  stdon| STaon|  Tidoa|  BSso0
MiZx 128 92 so700| 2meon| 2s5e00| 3sooo| 4osoo|  s3don| smaon|  Teaco | Emano
M1d =15 125 #8100 3aa0n 35 000 47 500 55000 T2 500 21 200 104 (00 121 000
Mig=15% 167 a7 &n0 £1 800 46 300 63 500 T3 500 G5 900 | 108 000 136 000 162 000
M18 = 1,5 216 48 GO0 a7 000 G0 500 B2 100 LR ] 130000 — ATE 000 210 000
M20x 1,5 72 #1200 a4 300 76 200 103 000 120000 163 000 — 236 000 264 000
M22=15 a3 74800 03 Q00 93 200 126 D0 148 0 200 000 — 278 (00 323000
M24 x 2 384 86400 | 119000 | 108000 | 146000 | 169000 | z0O0D| — 319000 | 372 000
M27x 2 496 11zo00| 154000| t13sooo | 1sBo00 | iB0o0| Eesoon|  — 412000 | 481 00O
M30x 2 E21 wdoon| 192000 174000 | 236000 | ZTieoo| sTAean| — 515000 | B2 000
M3 2 761 iTi000| 23000| 243000 | 2E0O000| 335000 45TO00D|  — B32000 | 738000
M3E6x 3 L] 196 000 HHAO00 | 242 000 | 325 D00 381 D00 519000 — T18000 B39 000
M33x3 1030 232 000 MA00D | 266000 [ 397 000 453 000 618 000 — B55 (00 G55 000

® Tocalculated, . see 9161

8 Applicability of test methods

8.1 General

Two main groups of test series are established for testing the mechanical and physical proparties of fasteners
specified in Table 3, FF and MP. Whereas group FF is used for testing finished fasteners, group MP is used
for testing materal properties of the fasteners. The two groups are divided into test series FF1, FF2, FF3, FF4
and MP1 and MP2, respactively, for diffarent types of fasteners. However, not all mechanical and physical

properties specified in Table 3 can be tested on all types or sizes of fastenars due primarily to dimensional
andior loadability reasons.

8.2 Loadabhility of fasteners

8.21 Fasteners with full loadability

A fastenar with full loadability is a finished fastener, standardized or non-standardized, which, when tensile
tested according fo the test series FF1, FF2 or M2,

a) breaks in the free threaded length for fastaners with 4 = d;

or

breaks in the free threaded length or in the unthreaded shank for fasteners with o, = 45, and

b} meets the minimum utimate tensile load, &, ., according to Tables 4 or &,
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8.2.2 Fasteners which, due to their geometry, have reduced loadability

A fastener with reduced loadability is a finished fastener, standardized or non-standardized, with material
properiies according o properly classes as specifiad in this part of 120 898 which, dua 1o it geomalry, does
nat fulfil the test requiremeants. for loadability when tested in accordance with test series FF1, FF2 or MPZ,

A fastener with reduced loadability does not normally break in the free threaded length when tensile tested in
accordance with test series FF3 or FF4.

Basically, there are two gecmetrical reascns for reduced loadability of fasteners compared with the ultimate
tensile load of the thread:

a) ahead design which applies 1o bolls and scraws with low head with or without extermal driving feature, or
with low round or cylindrical head with intermal driving feature or countersunk head with internal driving
feature.

b) a shamk design which applies to fasteners which are especially designed for applications where the
loadability according to this part of |30 858 is not required or even not desired, e.g. screws with waisted
shank.

Test saries FF3 (ses Table 10) is used for tha fasteners mantioned in a), above, while FF4 [see Table 11) is
used for those fasteners mentioned in b).

8.3 Manufacturer's control

Fasteners produced in accordance with this part of 150 898 shall be capable of confarming to all applicable
requirements of Tables 3 to 7 when using the *Feasible” tests specified in Tables 8 to 11,

This part of IS0 898 does not mandate which of the tests the manufacturer shall perform on each
manufacturing lot. It is the responsibility of the manufacturer to apply suitable methods of his choice, such as
in-process control or ingpection, to ensure that the manufactured lot does conform to all of the applicable
raquirerments,

In case of disputa, the test mathods according to Clause 9 shall apply.

8.4 Supplier's control

Suppliers may control the fasteners they provide using the methods of their choice, provided that the
mechanical and physical properties specified in Tables 3 o 7 are met.

In case of dispute, the test methods according to Clause 9 shall apply.
8.5 Purchaser's control

The purchaser may control the delivered fasteners by the test methods given in Clause @ using tests selectad
fram the relevant test seres given in 5.6,

In case of dispute, the test methods according to Clause 9 shall apply.
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8.6 Feasible tests for groups of fasteners and machined test pieces

8.6.1 General

The applicability of test seras FF1 ta FF4 and MP1 1o MP2, uging the test methods dascribed in Clause 9, is
specified in Tables & to 13

Test series FF1 to FF4 according to Tables 8, 9, 10 and 11 are provided for testing of finished fasteners:

— FF1: fasts for the determination of the properties of finished bolts and screws with full head strength and
full or reduced shank (full loadability), o, = 5 or d, = 5, see Table &

— FF2: tests for the determination of the properties of finished studs with full or reduced shank (full
loadability), d, = dy of d, = dy, see Tabla 9;

— FF3: tasts for the determination of the properties of finished bolts and screws with &, = d or d, = d5 and
reduced |oadability due to

1) low haad with or without external driving feature,
2} low round or cylindrical head with internal driving feature, or
3)  countersunk head with internal driving feature,

see Table 10;

— FF4: tasts for the determination of the properties of finished bolis, screws and studs especially dasigned
for applications where the full lsadability according to this part of 150 898 is not required or not desired,
e.. fasteners with waisted shank (reduced loadability), o < d5, see Table 11.

Test series MP1 and MP2 according to Tables 12 and 13 are provided for testing the material properties of the
fastener and/or for process development, Test saries FF1 to FF4 may also be used for that purpose.

— MP1: thesa are Lests for the detlermination of the material propartias of tha fastener and'or for process
development — machinad test pieces. See Table 12,

MP2: these are tests for the determination of material properties of full-size fasteners with full loadakbility
andfor for process development, o, = 4 or d, = 4. See Table 13.

8.6.2 Applicability

The applicability of the test methods fo the group of fastenars shall be in accordance with Tables 8 to 13,
8.6.3 Delivery of test results

When, for a specific order, the purchaser requires a report including test results, they shall be established

using the test methods specified in Clause 9 and selected from Tables B to 13. Any specific test specified by
the purchaser shall be agread upon at the time of arder.
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Table 8 — Test series FF1 — Finished bolts and screws with full loadability

Property classes
8.8, 9.8 109
Pro| Test method 4 s :
perty est m 46,48, 56 58 68 128129
dedmm | dz3mm | J<3mm | =3 mm
ar and ar and
e, 1<28d | 1225d | 1<25d | {2254
(zee Subclause ar and ar and
Table 3) he20d | hz20d | b<20d | bz2204d
Tensile lest under wed
1 Minimum tensile leading Y ge 8.1 NF i HF N
strength, B .
Tensile test 9.2 NF a NF 8
MNominal stress
5 under proof Proaf koad test a8 MF MF
load, 5, o
Minimurm . -
8 elongation after Tensile test for full-size 9.3 WF bd | oo ME b.d
fastenars
fracture, Ay .
Head 154 <1=3d
q Head soundness | 98
soundness test d = ’
T23d
10 mm
10 or
11 0r Hardness Hardness test 9.9
12
Maxirmum
13 surface Carburization lest BN NF NF
hardness
Maximum
14 decarburized Decarburization test 910 MNF NF
0one
Reducton of
15 hardress after | Retempering test 9.1z NF MF L L
relempering
Minimum Taorsional test
16 breaking torgue, | 1,6 mm = o = 10 mm, .13 T ta °
Mg in bzl1d+2 P
" . | Surface digcontinuity
18 Surface inlagrity inspection 815
#  Forfastenars withd = 3mm, / 2 2dand b < 2 d, 580 9.1.5 and 9.2 5
B Walues for property classes 4.6, 5.6, 8.8 and 10.9 are given in Annex C.
% For propery classes 4.8, 5.8 and 6.5
4 fxdTdand b= 224
#  This test is & reforea test o be applied in case of disputa.
! For property classes 4.6 10 6.8, no values are spacified in 150 896-7.
el Mary be used inslaad of tensile test, howaver, in case ol dispule the lensile lest applies,
|:| Feasible: the lest & ablé 1o be carmed oul according 1o Clause B and, in case of dispule, the l@st skall be carried
out according o Clawse 8,
D Feasible, but carried out only when explicitly specified; The fest is able fo be carried out according to Clause 9
&5 an alternative test for & given propesty (exampla: torsional test when tensda bast is possibla), or as a particular
tast if requirad in a product stendard or by the purchaser at the trme of tha arder (a.g. iImpect test).
IIl Mot feasible: the test cannot be camed out either because of the form andior dimension of the lastanes (e.g.
lenglh (oo shor bo lest, no bead), or because it applies only to a paricular category of Fastenars [eg. lest for beal
Ireaded fasteners),
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Table 9 — Test series FF2 — Finished studs with full loadability

Property classes
8.8,9.8, 109,
P rt Test method !
roperty est metho 4.6, 48, 56 58 68 12.9112.8
d<  |gwamm| o= d =
3 mim and 3 mm 3 mm
ar or and
Mao. L=3d -
{san Subclause | <3¢ Ianl:l fedd | G=3d
Table 3) ar B 20d or and
b 2,04 - o204 | b=2.04
1 Minimum tensile | - i test a3z NF a NF a
gtrengm. Em min ensile tesi .
Maminal stress
5 u_nder proof load, Proof load esl 96 MF MF
:"r:l.l"ﬂl'ﬂ
s inimum elongation | Tensile test for full-size a3 ME be | b.d MNF b.c
after fracture, 4, | fastaners : . :
10 or
11 ar Hardness Hardness test 9.9
12
13 Maximum surface | oo rization lest a.11 ME NE
hardness
14 htaximum Decarburization lest 910 MF MF
decarburized zone
Reduction of
15 hardness after Retempering test 912 MF MNF ] 8
relempering
’ . Surface discontinuily
18 Surface intagrity insnecion 415

& Hiracture occurs in the threaded length of the stud {matal) end, i_, minimum hardness applies instead of #  Atemately, the
tensila strength £ using machinad test pieces according 1o 9.7 may be satermined

By z3zdbz22d

@

Far properly cdasses 4.5, 5.8 and 6.8,
This tast is a raferee tast to ba applied in case of dispute

Waluas for property clesses 4.4, 5.6, 8.8 and 10.9 are given in Annex C.

MNF

Feasibla: the test is able to be camed out according to Clause & and, in case of dispute, tha test shall ba camied out

sccording bo Clausse &

Feasible, but carried out only when explicitly specified: The fest iz able to be camied out according o Clausa 9 as
Bn alternative test for & givan proparty (exampla: torsional test whan bansile tast is possible), or as a parlicular basi if

required in a product standard or by the purcheser st tha time of the order (e.g. impect test).

Nok feasible; the test cannot be carmed out either because of the form andior dmension of the fastener (e.9. length foo
short to test no head), or beceuse i applies only o & partcular category of fasteners (e.g. test for heat treated

fastenars).
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Table 10 — Test series FF3 — Finished screws with reduced loadability due to head design

Property classes
Property Test method 46 48 56 58 685 88,88 109 129129
de3mm | 4=3MM | goamm | d=3mm
ar andg ar and
Mo, 1<25d l225d 12254 1=25d
{=a8 Subclause ar and ar and
Table 3} b=20d h=204d b=204d b=20d
Tensibe lest for
Minimum scraws which do not
a ultimate break in the frae 9.4 NF a MF a
tensile load threaded length due
ta head design
10 or
11 o Hardness Hardness lest 9.9
12
Maximum
13 surface Carburization test a.11 NF MF
hardness
Maamum
14 decarburized | Decarburization test a.10 NF MF
zone
Reduction of
15 hardness after | Retempering test 912 NF MF b b
retempering
Surface Surface discontinuity
18 : : h - 215
intagrily inspaction

a Set redevan! product standard for minimum ullimate tensile load,

B This st is a referee tast to ba applied in casa of dispute.

Feasible: the test s able to be carmed out according to Clause 9 and, in case of dispute, shall b carried out
socording to Cleuss 9.

Feasibla, but carried out only when explicitly specified: Tha test is able to be carmied out according to Clause 9
&5 Bn altarnative test for a given proparty (example: torsional test when tensila tast is possiblal, or &5 & particular
test If required in a proguct standard o by the purchaser at the e of the order [e.g. Impact test).

F Not feasible: the iest cannat be carmied oul, eilher because of the form and'or dimensien of the fstierer (eg
length too short b test, no head), or becausa it apolies only to a particular category of fastenars (e.q. test for heat
treated fastenars).
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Table 11 — Test series FF4 — Finished bolts, screws and studs with reduced loadability
(e.g. due to waisted shank)

Property classes
Property Test mathod 46,58 B.8, 9.8, 109, 12.9/12.9
o = 3 mm dz=3mm | 4=3mm d = 3 mm
ar and or and
Na. wialkst length | waist length | waist kength | waist length
[see Subclause <3dy =3d; <345 =3d,
Table 3) ar and or and
bad hmd hed b=d
i I Tensile lest for
inirnum tensibe bolts and studs
! strength, B o | with waisted 9.5 NF ? NF !

shank

10 ar

11ar | Hardness Hardness test 9.9

12

Maximum N
13 surface hardness Carburization test 911 MF NF
Maximum S
4 |decarburized | pocarbunizaton 8.10 NF NF
Zoni
Redustion of
15 hardness afler Retamparing lest 9.12 MNF MF b b
retempearing

Surface

16 Surface integrity | discontinuity 915
ingpechon

119
3k isrelabed to the cross seclional area of the waisted shank, Ay, = Ir.l'

b This test is a referes lest 1o be applied in cage of depute.

MF

Feasible: 1he fesl is able to be carried oul acoording bo Clause 9 and, in case ol dispule, shall be caried out
acoording to Clause 8.

Feasible, but carried out only when explicitly specified: The fest is sible to be camed out accordng fo
Clauge 9 as an alemative Lest for a given property (example: torsional est when tensie test is possible), of ag
a paricular lest il required in & product standand or by the purchaser al (he lime of the order (e.g. impact lesl).

Mot feasible: tha tast cannot ba carmead out, ether becausa of the form andior dimensian of tha fastenar {a.g.
length oo short to test, no hesd), or becauss it applies only 10 8 paniculas category of Tasteners (e.g. tast for
hial resaled fastenars).
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Table 12 — Test series MP1 — Material properties determined on machined test pieces

Property classes
Property Tast mathod 4.6, 5.8 B8, 5.6 109, 129129
Jgd=d45mm| Jz=d45mm |Fsd=d5mm| 45=q4 1B = 16 mm
and and ard and and
o l:dh . .-.l::l;-ee'rrrn .-.l'u-\:.u' . .-.I'U;-:'.!-rrrn a 3{),?'5&5
n min Amin o
Hao. and and and and and
{sam Sub= bhizd T B bl bzed
Tabla 3 clause and and and and and
12654 I+ 26mm I=65q4 Iz + 26mm I=554+Bmm
8 A Ak G ade alg
1 Minimum tensile
strength, & s
Minimum lawer
2 |yimld strength, h h MF MF MF
Rall i
Minimum siress at)
0,2 %
3 |non-proportional | Tensie test for ME T =
alongation, rmachined bast a7
Fro.2 min piecas
Minimim
B |elongation aler
fraciure, "‘nlin
Pdinimum
rediuction of area
T |afer fracture, NF NF
?'mlﬂ
10 or
11 or |Hardnass Hardness test 8.8
12
Maximum surlsee |Cakurization
12 hardress lest a1 NF hF
Maximum -
14 [decarburized  [Dee RO | g g NF NF
zone
minimum impact | Impascl lest
17 [strengn, 4= 1Gmmand | 914 MF i NF
"‘.n'mh J"qr.ll = 65 mm
Surfisce
16 |Sursce integrity ¥ |disconiruty 9.15
inspedtion
8 To delerming the mirimum 1ol length for studs, add 1 440 the length fomula,
" For baoits G screw (o 5 0 determing 2
T For aluds 1y = B o o debermine £,
9 Farbealts and screws iz d % 20 mm o umrrninexmu.
o
I

Far slucs E 2.0+ X mm o derlermivee

For boits and Screas [ 4 4+ B mim Inmni?m".

Far ghids i 5.4+ & mm e detamming £_

I casas whers the war viekd slreoglh "‘IEL cannol be delermined, i s permissible lo measure the stress at 0.2 % non-proporiional elongation ""p{l 2
! The solid part of the head may be includsd.

Only for property dass 5.6.

Ta b evaluated belore machining.

T =

Feasible: the kest s able to be cared cut according 1o Clause 9 and, in case of dspute, shall ke camed oul according 1o
Clausa 1,

D Foasible, but carried out only when explicitly specified: The lest is able to be camied oul according to Clause S as an
akcrmative test for @ ghean propary (eemmiphe: 1orsienal test whan sansila test is possitike), or a5 oa particular st i requined In
a product standand or by e punchasss al the lime of the order (a.g, impaci tesl)
III Wed feasible: The el cannod Be cammied oul, eithar Bacauss of the Torm andor dimangion of ke tastanar (o.g. langth 1oo)
shorl 1o el na head), or because il applies only 0 8 parbcular category of laslaners de.g test bor baal ieated festeren)
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Table 13 — Test series MP2 — Material properties determined on finished bolts,

screws and studs with full loadability

Property classes
Property Test method
4.6, 556 48,58 68 88 98,109,
129128
Nao.
[sEe Subclause dz3mmand!=27d%andb = 224
Table 3)
1 Minimum tensile | Tensile test for a3 d d d
strangth, B . | finished fasteners !
Minimum stress
at 0,0048 4 non- .
' Tansile bast for
4 proporticnal . a3 b L
glongailion, full-size fasteners
Rp'l min
Mominal siress Proof load test
5 under proof load, | for finished 9.6 d d d
jp_mm fastenars |
finimaarm .
Tensile test for
B elongation afber i 9.3 o u
fracture, A, ,, full-size fasteners
10 or
11 ar Hardness Hardness test 9.9
12
Mainmum
13 surface Carburization lest 9.11 MF MNF
hardne:ss
Maximum -
14 decarburizeq | pecarburizaton 910 NF NF
ZOne
Reduction af
15 hardness after | Relempering best 912 MNF MNF T
refamparing
Surface
18 Surface integrity | discontinuity 915
inspection
2 For sbud tag ends that resist hgher tensile loads than the nut end or for fully threaded siuds L2 32d
B For property classes 4.8 and 5.6, the stress al 00048 & nan-propartional elengation i, s nol specified in Table 3,
£ Wowvaleas available.
9 i=25Jdand b= 204
[}

‘Walues for 4, are given in Annax C for information,
This test |s & referea test to be applied In case of dispute.

NF

fastaners),

Feasible: the test is abée to be camied out according 1o Clause 8 and, in case of dispute, shall be carred o
accanding o Clause 9.

Feasible, but carried out only when explicitty specified: The lest is abhe Lo be carried oul acconding bo Clause 9
as an allernative test for a given property (example: torsional fest when tensie test is possible), or as a particuar test
if raquired in & product standard or by the purchasar at the tima of the ordar (a.g. impaict test).

Mot feasible: the last cannol be carried oul, silber becauge of the Torm andior dimengion of the faslaner (eq. lenglth
too short to test. no head), or because & applies only to a particar category of fasteners (e.g. test for heat treated
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9 Test methods

9.1 Tensile test under wedge loading of finished bolts and screws (excluding studs)

911 General
The purpose of this tensile test is to determine simultaneouwsly;
the tensile strangth on finished baolts and screws, &

the integrity of the transition section between the head and the unthreaded shank or the thread.

9.1.2 Applicability

This test applies to bolts and screws with or without flange having the following specifications:
— flat bearing surface or serrated surfaces;

—  head stronger than tha thraaded section;

— head stronger than any unthreaded shank;

— diamater of any unthreaded shank, 4, > d; or 4 = d;;

— nominal length, [ = 2.5 4,

— thread length, & = 2,0 d;

—  slructural bolts with & < 2

— dmm = d = 39 mm,

— all property classes.

9.1.3 Apparatus

The tensile testing machine shall be in accordance with 150 7500-1, Self-aligning grips shall not be used.
89.1.4 Testing device

The grips, the wadge and the adaptors shall be according to the following:

—  hardness of 45 HRC min;

— thread tolerance class of the internally threaded adaptor according te Table 14;

— hole diameter, o, according to Table 15

— wedge according to Figure 1 and Tables 15 and 16.
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Table 14 — Thread tolerance classes of internally threaded adaptors.

Thread tolerance class
Finish of fastener Thread tolerance class of fastener | Thread tolerance class of internally
before any surface coating threaded adaptor
As processed Gh o Bg &H
Electroplating to 150 4042 Gg or Ge or 6f G6H
Zing flake coaling o 150 10683 By or Ge or 6 GH
Hat dip galvanizing to IS0 10684 in order to
maate with nuts tapped to thread tolerance
classes:
HH Haz &H
— GAZ g or Bh [T
—  GAX Gy or Gh G

The testing device should be sufficiently rgid 1o ensure that bending occurs in the transition section betwaan
the head and the unthreaded shank or the thread,

#  Radius or chamfer of 45°, See Table 15,

Figure 1 — Wedge loading of finished bolts and screws
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Table 15 — Hole diameters and radius for the wedge
Dimensions in millimetres

Nominal d, b e Mominal o, 2.b "
thread thread

dhr::mzr man. MaX, dlaﬂm' min, max

3 14 3,58 or 16 175 17,77 13

15 19 4,08 or 18 20 20,33 13

4 45 4,68 or 20 22 22,33 16

5 5.5 5,68 orF 22 24 24,33 16

& 6.6 6,62 or 24 26 26,33 16

7 76 T.a2 [LR:] 7 a0 0,33 16

] ] 8,22 0.8 30 33 3330 16

10 " 11,27 0.8 33 ] 36,39 1.6

12 135 13,77 0.8 36 ] 38,39 16

14 155 15,77 1.3 39 42 42,39 16

T Medivm series according io 150 273,
b For sguare neck bolts, the hole shall be adapted 1o accommadste the square nack,

¢ Forproduct grade ©, a radius ¢y should be used according to the fallowing equation:

ry = rmm‘ + |:||2
“lHﬂIH.! - |"llhlrlll
where (- =f
Table 16 — Wedge angle, =, for tensile test under wedge loading
Property classes for
Mominal thread bolts and screws with unthreaded |-1::rawn threaded to the head and bolts and|
diameter shank length serews with unthreaded shank length
Ix2d g 2
d
4.6, 48, 586 58 6.8, 4.6, 4.8 56 58,68
8.8, 9.8, 109 12.9/12.9 8.8 9.8,10.9 1281129
mm o+ 30
Jed=20 10" a" a" 47
20 <d 5 30 i 4" 4° 4°

Far finished bolts and screws with head-bearing diameters above 1,74 that fail the wadge tensile test, the
head may be machined to 1,7 4 and re-tested on the wedge angle specified in Table 16

Moreover, for finished bolts and screws with head-bearing diameters above 1,94, the 10° wedge angle may
be reducad to 6°.

9.1.5 Test procedure

The fastener shall be tested as received,
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Place the wedge specified in 9.1.4 under the head of the bolt or screw as shown in Figure 1. The free
threaded length, {,. subjected to the load shall be a minimum of 1.

For structural bolts having short thread length, the tensile test under wedge loading may be performed with a
free thread length, iy, of less than 1.4,

The tensile test under wedge loading shall be carried out in accordance with 150 6892-1, The spead of tasting,
as determined with a free running cross head, shall not exceed 25 mmdmin.

The tensile test shall be confinued wntil fracture ocours

Measure the ultimate tensile load, .
9.1.6 Testresults
9.1.6.1 Determination of tensile strength, &,

9.1.6.1.1  Method

The calculation of the tensile strength, &, i based on the nominal stress area, A ... and the ultimate
tensile load, £, measured during the test:

P
Ry = —0
I5, nom
2
. nfdy+dy
with Ay ppm = E[ 2
|
where

dy s the basic pitch diameter of external thread according to 150 724,
dy 15 the minor diameter of external thread

@=m—%

dy is the basic minor diameter of external thread according to 150 T24;
H isthe height of the fundameantal triangle of the thread sccording to 150 68-1,

Values of the nominal stress area. 4, ., are given in Tables 4 and 6.

9.1.6.1.2 Requirements

For bolts and screws with o, > - and screws threaded to the head, the fracture shall occur in the free
threaded length.

For fasteners with 4, = o, the fracture shall occur in the free threaded length or in the unthreaded shank.

K., shall meet the requirements specified in Table 3. The minimum ultimate tensile load, F, . specified in
Tables 4 and & shall be mal.

NOTE With small diamelers there is an increasing difference belwsen the nomimal stress area compared 1o the
affective stress area. When hardness is used for process confrol, especially for smaller diameters, it may ba necessary 1o
increase the hardness above the minimum hardness specified in Table 3 to achieve the minimum ultimate tensile load.
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9.1.6.2 Determination of integrity of transition section between head and unthreaded
shank/thread — Requirements

The fracture shall not accur in the head.

For bolts and screws with unthreaded shank, the fracture shall not eoour in the fransition section between the
head and the shank.

For screws threaded to the head, the fracture that causes failure may extend or spread into the transition

section between the head and the thread, or into the head, before separation, provided that it originates in the
free threaded length.

9.2 Tensile test for finished bolts, screws and studs for determination of tensile
strength, R,

9.21 General

The purpose of this tensile test is to determine the tensile strength on finished fasteners, & .
This test can be combined with the test specified in 9.3.

9.2.2 Applicability

This test applies to bolts, screws and studs having the following specifications:
— bolts and screws with head stronger than the threaded shank;

— bolts and screws with head stronger than any unthreaded shank;

— diamater of any unthreaded shank of J, = d, or d, = 45!

—  bols and screws with nominal lemgth = 2,54

—  thread length & = 204,

—  struciural bolts with & = 2.4,

—  studs with tatal length i, = 3,04,

— 3mm = 4 = 38 mm;

— all property classes.

923 Apparatus

The tensile testing machine shall be in accordance with 150 7500-1. Side thrust on the fastener zhall be
avoided, e.g. by self-aligning grips.

8924 Testing device

The grips and the adaptors shall be as follows:
— hardneass, 45 HRC min;

— hole diameter, 4, according to Table 15;

— fthread tolerance class of the internally threaded adaptor(s) according to Table 14,
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a) Example of testing device for bolts b} Example of testing device for screws
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c) Example of testing device for studs d) Example of testing device for fully threaded studs

1 tap end

2 nutend

dy,  hole diameter

lg, free threaded length of fastener in testing device

Figure 2 — Examples of testing devices

9.2.5 Testprocedure
The fastenar shall be tested as received.

Mount the bolis and screws to be lested into adaptors as shown in Figures 2 a) and b); mount the studs to be
tested into two threaded adaptors as shown in Figures 2 ) and d), Thea length of thread engagement shall be
at least 1.4

The free threaded length, . subjected to the load shall be minimum 1 4.

However, when this test is combined with the test according to 9.3, the free threaded length, /. subjected to
the load shall be 1,2 J.

For structural bolts having short thread length, the tensile test may be performed with & free thread length fy,
lags than 1 4. The tensile test shall be carried out in accordance with 150 6892-1. The speed of testing, as
determined with a free running cross head, shall not excead 25 mm'min.

The tensila test shall be continuad until fracture cocurs.

Measure the ultimate tensile load, F_ .
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8,26 Test results

9.2.6.1 Method

Far caleulation, ses 9.1.6.1.

8.26.2 Requirements

For fasteners with o, = 4y, the fracture shall ocour in the free threaded length,

For fasteners with o, = d;, the fracture shall occur in the free threaded length or in the unthreaded shank,

Far scraws threaded to the head, the fracture which causes failure may extend or spread into the transition
section between the head and the thread or into the head before separation, provided that it originates in the
free threaded length.

R, shall moet the requirements spacified in Table 3. The minimom ultimate tensile load, & . specified in
Tables 4 and & shall be met.

MOTE With small diameters there is an increasing difference belween the nominal compared 1o the effeclive stress
area. When hardness is used for process control, especially for smaller diameters, it may be necessary to increase the
hardness abowve the minimum hardness specified in Table 3 to achieve the minimum ultimate tensile load.

9.3 Tensile test for full-size bolts, screws and studs for determination of elongation after
fracture, 4y, and stress at 0,004 & 7 non-proportional elongation, &

931 General
The purpose of this tensile test is to determine simultaneously:
the elongation after fracture on full-size fasteners, A4y
— the stress at 0,004 84 non-proportional elongation on full-size fasteners, &

This test can be combined with the test described in 9.2,

9.3.2 Applicability
This test applies o balts, screws and studs having the following specifications:
—  bolts and screws with head stronger than the threaded shank;
— bolis and screws with head sironger than any unthreaded shank;
— diameter of any unthreaded shank 4 = o ord; = o)
— bolts and screws with nominal length = 2,7,
thread length » = 2,24,
studs with total length /, = 3,2 &
Jmm = J = 38 mm;

all property classes.
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9.3.3 Apparatus

The tensile testing machine shall be in accordance with 130 7500-1. Side thrust on the fastener shall be
avaided a.g. by sall-aligning grips.

9.3.4 Testing device

The grips and the adaptors shall be as follows.

— hardness of 45 HRC min;

— hole diameter, 4., according to Table 15,

— thread tolerance class of the internally threaded adaptor(s) according to Table 14,

The testing device should be sufficiently rigid to avoid deformation that could influence the determination of
the load at 00048 ¢ non-proportional elongation, Fig, or of the elongation after fracture, 4.

9.3.5 Test procedure
The fastener shall be tested as recaived.

Mount the fastaner to be tested into adaptors as shown in Figura 2 a) and b); mount the studs to bea tested inlo
two threaded adaptors as shown in Figure 2 ¢) and d). The length of thread engagement shall be at least 14,

The free threaded length, i, subjected to the load shall be 1,24,

NOTE To obtain f, =124 in a practical way, the following procedure s propesed: first, screw on the threaded
adaptor up 1o the thread run-cut; then unscrew the adaplor by the required number of tums corresponding 1o f; = 1,2 d.

The tensile test shall be camied out in accordance with 150 6892-1, The speed of testing, as determinad with

a free running cross head, shall not exceed 10 mm/min up to the load at 0,0048 o non-proportional elongation,
Fp and 25 mmimin beyond.

Measure the load, F, continuously until fracture occurs, either directly, by means of an adeguate electronic
device (e.g. microprocessor), or on the curve of load against displacement, see 150 G832-1; the curve can be
platted either automatically or graphically.

For acceplable accurate graphical measurement, the scale of the curve shall be such that the elastic slope
{straight part of the curve) lies between 30° and 45° against the load axis.

9.3.6 Test results
9.3.6.1 Determination of the elongation after fracture, 4;

9.3.6.1.1  Method

The plastic elongation, AL, is measured directly on the load-displacement curve, plotted either
electronically or graphically, see Figure 3.

H
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) I

Figure 3 — Load-displacement curve for determination of elongation after fracture, .4;

4 Point of fracture.

The slope of the part of the curve corresponding to the elastic range (stralght parl of the curve) shall be
determined. A line paraliel to tha slope in the elastic range shall be drawn through the point of fracture, which
has an intersecting point with the grip displacement axis, see Figure 3. The plastic elongation, AL, is
determinad on the grip displacement axis as shown in Figure 3.

In case of doubt, the slope of the load-displacement curve In the elastic range shall be determined by drawing
a line intersacting the two points of the curve carresponding to 0.4 Fpand 0,7 Fy, where F is the proof Inad as
specified in Tables 5 and 7.

The elongation after fracture on full-size fasteners is calculated using the following formula:

Ay
f=—2

“1zd4
9.3.6.1.2 Reqguirements

For property classes 4.8, 5.8 and 6.8, 4, shall meet the requirement specified in Table 3.

9.3.6.2 Determination of the stress at 0,0048 / non-propertional elengation, RDT

8.3.6.2.1 Method

Ry shall be directly determined on the load-displacement curve, see Figura 4.
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000584 AL

L -

Figure 4 — Load-displacement curve for determination of stress at 0,0048 o
nen-propertienal elongation, &,

A parallel line to the slope in the elastic range (straight part of the curve) shall be drawn al a distance equal to
0,0048 o on the axis of grip displacement; the intersection betweean this line and the curve comesponds to the
load Fp

[

NOTE 000480 = 0.4 % of 1,24,

In case of doubt, the slope of the load-elongation curve in the elastic range shall be determined by drawing a
line intersecting the twe points of the curve corresponding to 0.4 &, and 0,7 Fes where Fa is the proof load as
spacified in Tables 5 and 7.

The strass at 0,0048 4 non-proportional elongation, R, is calculated as follows:

pft

Fof

"‘fE nom

HFF
with A, . as specified in 9.1.6.1.
9.36.22 Reguirement
Mo reguirement specified.

MOTE 1 \alues for ity are under investigation. See Table 3 {No. 4 and Fooinote &) for information.

WNOTE 2  Yield strength walues received from feats of full-size fastensrs instead of machined test pieces cam wary
because of processing, test methods and size effects.
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9.4 Tensile test for bolts and screws not expected to break in free threaded length due to
head design

941 General

The purpose of this tensile test is to determine the tensile load for bolts and screws not expected to break in
the free threaded length due to head design {see 8.2).

9.4.2 Applicability

This test applies to balts and screws having the following specifications:
— diamater of any unthreaded shank 4, = dy or d; = dy;

— nominal length J = 2.5 4,

— thread length & = 2,0 4,

— dmm = 4 =< 38 mm;

— &l property classes.

943 Apparatus

The tensile testing machine shall be in accordance with 150 7500-1. Side thrust on the fastener shall be
avoided, e.g. by sall-aligning grips.

89.44 Testing device
The grips and the adaptors shall be as follows:
—  hardnass of 45 HRC min;

—  hole diameter, 4, according to Tabla 15;
— thread tolerance class of the internally threaded adaptor according to Table 14.

94.5 Testprocedure
The fastener shall be tested as received.
Mount the fastener to be tested into an adaptor as shown in Figure 2 a) and b).

The free threaded length, J,, subjected to the load shall be a minimum of 1 4.

The tensile test shall be carried out in accordance with 150 6892-1. The speed of testing, as determined with
a frae running crass head, shall not excead 25 mmimin.

The tensile test shall be continued until fractiure acours.

Measure the ullimate tensile load, F

946 Testresults — Requirement

The ultimate tensile load, F, shall be equal 1o or above the minimum ulimate lensile load as specified in the
relevant product standard or in any other specification.
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9.5 Tensile test for fasteners with waisted shank

9.51 General

The purpose of this tensile test is to determine the tensile strength, &, for fastaners with waisted shank
(see 8.2).

9.52 Applicability
This test applies to fasteners having the fellowing specifications:

diameter of unthreaded shank o, < dy;

length of waisted shank = 3 4 (see [_ in Figure &);
— fthread length & = 1.4,
— 3dmm = d = 39 mm;

— propery classes 4.6 5.6, 8.8, 98 109 and 12.9/12.9.
9.5.3 Apparatus

The fensile testing machine shall be in accordance with 150 7500-1. Side thrust on the fastener shall be
avoided, e.g. by self-aligning grips.

9.54 Testing device
The grips and the adaptors shall be as follows:
— hardness of 45 HRC min;
— hole diameter, 4, according to Table 15;
thread tolerance class of the internally threaded adapton(s) according to Table 14.
9.5.5 Test procedure
The fastener shall be tested as received.

Mount the fastener to be tested into an adaptor as shown in Figure 2 a). Mount the studs to be tested into two
threaded adaptors as shown in Figure 2 ¢). The length of thread engagemant shall be at least 1 4.

The tensile test shall be carried out in accordance with 150 6892-1. The speed of testing, as delerminad with
a free running cross head, shall not exceed 25 mm/min,

The tensile test shall be continued until fracture ocours.

Measure the ultimate tensile load, £,
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8,56 Test results

9.5.6.1 Method

The calculation of the tensile strength, .., i= based on the cross-sectional area of the waisted shank, 44, and
the ultimate tensile load, F,,, measured during the test:

with Ags = d?

9.56.2 Requirements
The fracture shall occur in the waisted shank.

R, shall meet the reguirement spacified in Tabla 3.

9.6 Proof load test for finished bolts, screws and studs

8,61 General

The praaof lead tast consisls of bwo main operalions, as follows:

— application of a specified tensile proof load (see Figure 5), and

—  measurement of permanent elongation, if any, caused by the proof load.
8.6.2 Applicability

This test applies to bolte, screws and studs having the following specificaticns:
—  bolts and screws with head stronger than the threaded shank;

—  bolis and screws with head sironger than any unthreaded shank;

— diameter of unthreaded shank &, = dy or &, = dy;

—  bolts and screws with nominal length § = 2,5 4,

— thread length & = 2,0 o,

—  studs with total length j, = 3,0 4,

— dmm = 4 = 38 mm,

— all property classes;

9.6.2 Apparatus

The tensile testing machine shall be in accordance with 150 7500-1. Side thrust on the fastener shall be
avoided, e.g. by self-aligning grips.



DIN EN 150 898-1:2009-08
EN IS0 898-1:2009 (E)

9.6.4 Testing device
The grips and the sdaptors shall be according to the following:

— hardnass of 45 HRC min;

— hole diameter, 4, according to Table 15;

— thread tolerance class of the internally threaded adapton(s) according to Table 14.

n -

[ [y d
d
11
a) Finished bolt b} Finished seraw
b 41
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¢} Finished stud d) Finished fully threaded stud

ey

1 Ioad

A example i *sphere to cone” contact between the measuring polnts and the centre-drllled conlcal holes In the ands of
thie fastenes s shown in detail X Any other suilable method may be used,

Figure 5 — Example for set-up for application of proof load to finished fasteners
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89.6.5 Test procedure

The fastener as received shall be suitably prepared at sach end, e.g. as shown in Figure 5 {detail x). For
length measurements, place the fastener in a bench-mounted measuring instrument fitted with spherical anvils
or any other suitable method. Gloves or tongs shall be used to minimize measurement error caused by
influence of temperature, Measure the total length of the fastener before loading, /.

Mount the fastener fo be tested into adaptors as shown in Figure 5. For studs, use two threaded adaptors.
The length of thread engagement shall be at least 1 4. The free threaded length, {y,, subjected to the load shall
b 1 .

HOTE To obtain 4y = 1 4 in a practical way, the following procedure is proposed: first, screw on the threaded adaptar
U to the thread run-aut then unscres the adaptor by the required number of s coresponding ta iy, = 1 4.

The proof load, as specified in Tables 5 and 7, shall be applied axially to the fastener.

The speed of testing, as determined with a free-running cross-head, shall not exceed 3 mmémin. The full proof
load shall be held for 15 5.

After unloading, measure the total length of the fastener, /.

966 Testresults — Requirement

The total length of the fastener after unloading, /4. shall be the same as before loading, i, within a tolerance
of £ 12 5 um allowed for uncerainly of measuramant. Soma varlables, such as stralghlness, thread alignment
and uncertainty of measurement, can resull in apparent elongation of the fastener whan the proof load is
initially applied. In such cases, the fastener shall be retested according to 9.6.5 using a 3 % greater load than
the proof load specified in Tables 5 and 7 and shall be considered satisfactory if the length after the second
unloading, I is the same as before this loading, 1, within a tolerance of + 12,5 pm allowed for uncertainty of
measurement

9.7 Tensile test for machined test pieces

9.71 Ganeral
The purpose of this tensile test is to determine
— the tensile strangth, &,
— the lower yield strength, £, or stress at 0,2 % non-proportienal elongation, Renz:
—  the percentage elongation after fracture, 4, and
—  the percentage reduction of area after fracture, 2.
9.7.2 Applicability
This test applies to fastenars having the following specifications:
a) machined test pieces made from bolls and scraws:
— Fmm = = 39 mm;
— thread length b = 1 4,
— nominal length / = 6 d, + 2 r + J (a5 indicated in Figure 6) to determing A4

nominal length / = 4 o, + 2 r+ o (a5 indicated in Figure &) to determine 2
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b) machined test pieces made from studs:

— 3mm = d = 3B mm;

— thread length b = 1 4

— thread length of the stud (metal) end b, = 14

— total length i, = 64, + 2 r+ 2 d (as indicated in Figure ) to determine 4;

— total length i, = 4 4, + 2 ¢ + 2 d (as indicated in Figure &) to determine Z.
¢) property classes 4.6 5.6, 8.8, 9.8 109 and 12.9M12.9.
NOTE Machined test pieces made from bolts and screws can also be made from fasteners which, due to their
geomelry, have reduced loadability, provided that the head is stronger than the cross-sectional area, 5, of the (e8! piece,
and alse of fasteners with unthreaded shank diameter J, < J, {see B.2).

Fasteners in property classes 4.8, 5.8 and 6.8 (work-hardened fasteners) shall be tensile tested full-size,
see 9.3,

9.7.3 Apparatus

The tensile testing machine shall be in accordance with 130 7500-1. Side thrust on the fastener shall be
avaided, a.g. by self-aligning grips.

9.74 Testing device

The grips and the adaplors shall be as fallows:

— hardness of 45 HRC min;

— hole diameter, &, according to Table 15;

— thread tolerance class of the internally threaded adaptor(s) according to Table 14.

9.7.5 Machined test pleces

The test piece shall be machined from the fastener as received. The test piece shown in Figure 6 shall be
uzad for the lensile test

The diameter of the machined test piece shall be d, < ds min. but whenever possible 4, = 3 mm.

When machining the test pieces of quenched and tempered fasteners with nominal diameter 4 = 16 mm the
reduction of the onginal diameter, o, shall not exceed 25 % (about 44 % of the initial cross-sectional area). For
test pieces made from studs, both ends shall have & thread length of minimum 1 o,

9.76 Test procedure

The tensile test shall be carried out in accordance with 150 6892-1, The speed of testing, as determinad with
a free running cross head, shall not exceed 10 mm/min up to the load at lower yield strength, &, . or the load
al the strass at 0,2 % non-proportional elongation, Ropz: and 25 mmimin beyand.

The tensile test shall be continuad until fracture occurs.

Measure the ultimate tensile load, £,
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L

o nominal thread diameter
diametar of machined test piece (dy < d3 min bul, whanever possible, ¢y = 3 mm.)

b thread lemgth (b = d)
onginal gauge length of machined test piece
— for determination of elongation: L, = 5 d, or (5,65 /5,)

— for determination of reduction of area: L, = 34,

length of straight portion of machined test piece (L, +d;)
tatal length of machined test plece (£ + 2 ¢ + b}
cioss-sechanal area of machined test plece belone tensile test

by -

o

r fillet radius {r = 4 mm)

Figure 6§ — Machined test plece for tensile test

§9.7.7 Testresults

8.7.7.1 Method

The following properties shall be determined in accordance with IS0 B892-1:

a) tensile strength, &

bl lower yield strength, &), or stress at 0,2 % non-proportional elangation, R o

¢} percentage alongation afler fraclure, providing that L is al least 5 4

g=tu=te 400
I

whare

L. I the final gauge length of machined test plece (see IS0 G6892-1)

d} percentage reduction of area after fracture, providing that L is at least 3 4,

z=5"5 409
o
whare
5, s the cross-sectional area of machined test piece after fracture
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9.7.72 Requirements
The following shall be in accordance with Table 3
the minimum tensile strength, & 0

—  lower yield strength, &, . or stress at 0,2 % non-proportional elongation, Ron
— percentage elongation after fracture, A,

— percentage reduction of area after fracture, 7.

9.8 Head soundness test

981 General

The purpose of the head soundness last is to check the integrily of the transition section between the head
and the unthreaded shank or the thread by striking the head of the fastener on a solid block o a given angle.

NOTE This test is generally used whan the tensile test under wedge loading cannol be carred oul due to the
too-short length of the fastener.

9.8.2 Applicability

This test applies to bolts and screws having the following specifications:
— head stronger than the threaded shank;

— nominal length { = 1,5 4;

— o = 10 mm;

— all property classas.

9.8.3 Testing device

The solid block as ilustrated in Figure 7 shall be as follows:
— hardness of 45 HRC min;

— hole diameter, 4, and radius, ry, according to Table 15;
— thicknass of 2 4 minimum;

angle & according to Table 17.
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1215d
B minimum thickness of solid block: 2

Figure 7 — Testing device for head soundness test

Table 17 — Angle of solid block, 7, for head soundness test

Propertyclass | 46 | 56 | 48 | 58 | 68 | 88 | 9.8 | 109 1291129
F; 80" BO0”

9.8.4 Test procedure
The fastener shall be tested as received.
The head soundness test shall be carmed out using a device as illustrated in Figure 7.

The bleck shall be firmly fixed. A hammer shall be used to strike the head of the baolt or screw by several
blows so that the head bends to an angle of 807 - 8 Values of angle @ are specified in Table 17.

The examination shall be at a magnification of not less than eight times nor more than 10 times.
9.8.5 Test result — Requirement
Mo sign of cracking at the transition section between the head and the unthreaded shank shall be shown,

For screws threaded up o the head, this requiremant is fulfiled even if a crack appears in the first thread,
provided that the head does not fracture off,

9.9 Hardness test

9581 General

The purpase of the hardnass test is

— for all fasteners which cannol be tensile tested — o determine the hardness of the fastener;

— for fasteners which can be tensile tested (see 9.1, 8.2, 9.5 and 9.7) — to determine the hardness of the
fastaner in order to check that the maximum hardness s not exceeded.
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NOTE There may not be a direct relationship between hardness and tensile strength. Maximum hardness values are
specified for reasons other than theoretical maximum strength consideration (e.g. to avoid embrittliernent).

Hardness may be determined either on a suitable surface or on a transverse section through the threaded
porion,

9.9.2 Applicability
This fest applies to fasteners having the following specifications:
— all sizes;
— all praperty classas.
9.9.3 Test methods
Hardness may ba determined using the Vickers, Bringll or Rockwell hardnass test.
a) Vickers hardness test

The Vickers hardness test shall be carried cut in accordance with 150 6507-1.
b) Brinell hardness test

The Bringll hardness test shall be carried out in accordance with 150 6506-1.
¢} Rockwell hardness test

The Rockwell hardness test shall be carred out in accordance with 150 6508-1.

9.9.4 Testprocedure
9.9.4.1 General
Fasteners usad for hardnass fests shall be as received.

9.94.2 Hardness determined on a transverse section through the threaded portion

A transverse seclion shall be taken 1 o back from the end of the thread, and the surface shall be suitably
prepared.

Take hardness readings in the area between the axis and the hall-radius position, see Figure 8.

Key
1 axis of the fastener
2  half-radius area with a radius of 0,25 4

Figure 8 — Half-radius area for taking of hardness readings
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9943 Hardness determined on a surface

The hardness shall be determined on flat surfaces of the head, on the end of the fastener or on the
unthreaded shank afler removal of any plating or other coating and after suitable preparation of the lest
specimen,

This methad may be used for routing inspection.

89944 Testload for hardness determination

Carry out the Vickers hardness test with a minimum load of 98 N.

Carry out the Brinell hardness test with a load equal to 30 0% expressed in newtons.

8995 Requirements

Far fasteners which cannot be lensila tested and structural bolis with short thread length which are tensila
tested, with free threaded length iy, < 1 «, the hardness shall be within the hardness range specified in Table 3.

For fasteners which can be tensile tested, with free threaded length iy, = 1 4, and fasteners with waisted
shank and machined test pieces, the hardness shall not exceed the values for maximum hardness acconding
te Tabla 3.

Far fastanars of proparty classes 4.6, 4.8, 5.6 and 5.8, the hardnass datermined in accordancs with 9.9.4.3 al
the end of the fastener shall not excesd the values for maximum hardness according to Table 3,

Far heat freated fasteners, if any difference in hardness wvalues determined in the half-radius area
{zee Figure 8) is greater than 30 HV, it shall be verified that the reguirements of %0 % content of martensite
has been achieved {sea Table 2).

For work hardened fastenars of properly classes 4.8, 5.8 and 6.8, hardness detarmined in accordance with
9.9.4,2 shall be within the hardness range specified in Table 3,

In case of dispute, Vickers hardness test according to 9.9.4.2 shall be the referee test method,
9.10 Decarburization test

9.10.1 General

The purposa of the decarburization test is o detect if the surface of guanched and lempered faslaners is
decarburized and {o determing the depth of the decarburized zone (see Figure ).

NOTE A loss of carbon content (decarburization), caused by heal ireatment processes, beyond the limils specified in
Table 3, can reduce the strength of the thread and could cause failure.

The surface carbon condition ghall be determined by one or the other of the following two methods:
microscopic method,
— hardness methad.

The microscopic meathod allows the measuring of the complete decarburized zone (7) — if any — and of the
height of the zone of base metal (£ (see Figure )

The hardness method allows the determinaticn of the height of the base metal zone (£} and the detection of
partial decarburization by micro-hardness (see Figure 9).
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1 completely decarburized
2 partially decarburized
3 pilch line
4  base metal
E  height of the non-decarburnized thread zone
¢+ depth of complete decarburization in the thread

iy height of external thread in madmum material condition

Figure 9 — Zones of decarburization

9.10.2 Microscopic method

9.10.2.1 Applicability
This method applies o fastenars having the following specifications:
—  all sizes;

— property classes 8.8 to 12.9M12.9.

9.10.2.2 Preparation of test specimen

The test specimens shall be taken from the fasteners after all heat treatment operations have been performed
and after remaoval of plating or other coating, if any.

The test specimens shall be taken as a longiludinal section through the thread axis, approximately one
nominal diameter (1 ) from the end of the thread. The test specimen shall be embedded in a plastic maunt or,
alternatively, in a clamp. After mounting, the surface shall be ground and polished in accordance with good
metallographic practice.

NOTE Etching in a 3 % nital solution {concentrated nitric acid in ethanol) is usually suitable for showing changes in
microatruciure caused by decarburization.

9.10.2.3 Test procedurs

Place the test specimen under a microscope. Unless otherwise agreed, a 100 = magnification shall be used
far examination,

If the microscope is of a type with a ground glass screen, the extent of decarburization can be measured

directly with a scale. If an eyepiece is used for measurement, it should be of an appropriate type, containing a
cross-hair or scale.

45



DIN EN IS0 898-1:2009-08
EN IS0 898-1:2009 (E)

9.10.2.4 Requirements

The maximum depth of complete decarburization, & — if any — shall meet the requirements specified in
Table 3. The height of the non-decarburized zone, E, shall meet the requirements specified in Table 18.

Table 18 — Values for height of external thread in maximum material condition, /7y, and
minimum height of non-decarburized zone in thread, £,

Dimensions in milimetres

Pitch of thread
Jars 0.5 | 0E | OF 0.8 1 125 | 1,5 | 1,75 | 2 25 3 3,5 4
Ay | 0307 | 0,368 | 0,429 [ 0,491 | 0613 | 0767 (0920 [ 1,074 [ 1.227 | 1534 | 1,840 | 2147 | 2,454
BB 08 0454 | 0,484 | 0,215 | 0,245 | 0,307 | 0,384 | 0460 | 0,537 | 0614 | 0,767 | 0,920 | 1,074 | 1,227

Prope .
d“:" 108 | £, Plozes | 0245 | 0286 | 0,327 | 0409 0511 | 0613 [ 0716 | 0818 | 1,023 | 1,227 | 1,431 | 1,636
1200120 0,230 | 0,276 | 0,322 | 0,368 | 04E0 | 0,575 | 0,690 | 0,806 | 0.520 | 1,951 | 1,380 | 1,610 | 1,841

A For P < 1,256 mm, microscopic method anly,
B Calculated on tha basis of tha spacification in Tabla 3, No. 14,

9.10.3 Hardness method (Referee method for partial decarbunzation)
9.10.31 Applicability
This methad applies to fasteners having the fellowing specificalions:
— pitch P = 1,25 mm;
property classes 8.8 fo 12.9/12.9.

9.10.3.2 Preparation of test specimen

The test specimen shall be prepared in accordance with 9.10.2.2, but etching and removal of the surface
coating is nol nacessary.

9.10.3.3 Test procedure

Measure the Vickers hardness at points 1 and 2 as shown in Figure 10. The fest force shall be 2,942 M
(Vickers hardness test HY 0,3).



DIN EN 150 898-1:2009-08
EN IS0 898-1:2009 (E)

Dimensions in millimetres
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Decarburzation:  HW{2) = HV(1) - 30

Carburization: HW{3) = HW{1) + 30
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E haight of non-decarburized zone in the thread, mm
H'1 il of extemal thread in the maximum materal condition, mm
1,2.3 measuremant points, (1 is the referance paint)
4 pitch ling

? The value 0,14 mm is given only as an aid to locating the point along the pitch line,

Figure 10 — Hardness measurements for decarburization test and carburization test

9.10.3.4 Requirements

The Vickers hardness value at point 2, HV{2), shall be greater than or equal to the Vickers hardness at point 1,
HYW(1), minus 30 Vickers units. The height of the non-decarburized zone, £, shall meet the requirements
specified in Table 18,

NOTE Complele decarburization up 1o the maxismum specilied in Table 3 cannol be detected by the hardness
maasurament method.

911 Carburization test

9.11.1 General

The purpose of this test is to determine that the surface of a8 quenched and tempered fastener has not
become carburized during the heat treatment. The difference between base metal hardness and surface
hardness is decisive for the evaluation of the carburization condition in the surface layer.

MNOTE Carburization s detimental as increased surface handness can cause embritilement or reduce fatigue
resistance, Careful differentialion nesds 1o be made belween an increase in hardness caused by carburization and that
dua to heat treatment or cold working of the surface, such as threads rolled after heat treatment.

Carburization shall be detected by one or the other of the following twoe methods:

— hardness test on a langitudinal section,

— surface hardnass test

In case of dispule and when F = 1,25 mm, the hardness last on a longitudinal section according to 9.11.2
ghall be the referee test method.
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9.11.2 Hardness test on a longitudinal section

9.11.21  Applicability
This methad applies lo fasteners having the following specifications:
— plich P = 1,25

— property classes 8.8 0 129128

8.11.2.2 Preparation of the test specimen

The test specimen shall be prepared in accordance with 9.10.2.2, but etching and removal of the surface
coating is not necessary.

9.11.2.3 Test procedure

Meazure the Vickers hardness al paints 1 and 3 as shown in Figure 10, The test force shall be 2042 N
[Vickers hardness test HV 0,3).

If the test specimen has been used in a test according to 9.10.3.3, the hardness determination at point 3 shall

be made on the pitch line of the thread adjacent to the thread on which determinations at point 1 and 2 are
made.

8.11.2.4 Requirement

The Vickers hardness value at point 3, HV(3), shall be less than or equal to that at point 1, HV(1), plus
30 Vickers units.

An increase of more than 30 Vickers units indicates carburization. See also Table 3 (Mo, 132 and Footnotes h, i
and }}, which gives hardness restrictions for property classes 109 and 12.9M12.9.

8.11.3 Surface hardness method

9.11.3.1  Applicability

This method applies to fasteners having the fellowing specifications:
— all sizes;

— property classes 8.8 10 129129

9.11.3.2 Preparation of test specimen

A suitable flat surface on the head or end of the fastener shall be prepared by minimal grinding or polishing, in
order to ensure reproducible readings and maintain the onginal properties of the surface layer of the material.

A transverse section shall be taken 14 back from the end of the thread and the surface shall be suitably
prapared.

9.11.3.3 Test procedure
The surface hardness shall be determined on the prepared surface,
The base metal hardness shall be determined on the fransverse saction,

The test force shall be 2,942 N [Vickers hardness test HV 0,3] for both determinations
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9.11.3.4 Requirements

The hardness value taken on the surface shall be less than or equal to the base metal hardness value plus
30 Vickers units.

An increase of more than 30 Vickers units indicates carburization. See also Table 3 (No.13 and Footnote g),
which gives restrictions for maximum surface hardness for propery classes 10.9 and 12.8/12.9,

912 Retempering test

9.12.1 General

The purpose of this test is to check that the minimum tempering temperature has been achieved during the
heat treatment process.

This test is a referee test to be applied in case of dispute.

9.12.2 Applicability

This test applies to fasteners having the fellowing specifications:

— all sizes;

—  propeity classes BB 1o 12.9M12.9.

9.12.3 Test procedure

The Vickers hardness shall be determined in accordance with 9.9.4_2 by taking three readings on one fastener.
Retamper this fastener, holding it during 30 min at a part temperature of 10 °C less than the minimm

tempering lemperature as specified in Table 2. Afler ratempering, determine the Vickers hardnass by taking
three new readings on the same fastener and in the same area as for the first determination.

9.12.4 Reguirements

The mean of the three hardness readings taken before and after retempering shall be compared. The
reduction of hardness after retempering, if any, shall be less than 20 Vickers units.

913 Torsional test

9.13.1 General

The purpose of the torsional test is to determine the breaking torque, Mg, for bolts and screws that cannot be
fensile lested.

9.13.2 Applicability

This test applies to fasteners having the following specifications:

— bolts and screws with head stronger than the threaded section;
— diameter of unthreaded shank o, = dy of d; = dy;

— fthread length & = 14+ 2 F;

— 1Emm = d = 10 mm;

— property classes 4.6 to 12 9/12.9.

NOTE For property classes 4.6 to 6.8, no values are specified in 1S0 898-7.
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9.13.3 Apparatus and testing device

See |50 898-7.

9.13.4 Test procedure

The fastener shall be leslad as recalved.

Clamp the bolt or screw into the test device according io 150 BS8-7 over a thread lengih of minimum 14. The
free threaded length, iy, shall be at least 2 P at the head fo thread run-out or at the unthreaded shank fo

thread run-cut. Apply the torque in a confinuously increasing manner.

MOTE It is planned to revise 150 808-7:1992. An examination of the related basic research has indicated that the
values for free threads and thread engagement length have been interchanged.

9.13.5 Test results

8.13.51 Method

See |30 888-7

9.13.5.2 Requirements

See |50 888-7.

In case of dispute the following applies:

— for boltz and screws that cannot be tensile tested, the hardness test in conformity with 9.9 shall be the
referes test;

— for bolts and screws able to be tensile tested, the tensile test shall be the referee test.
9.14 Impact test for machined test pieces

9.14.1 General
The purpose of the impact test is to check the toughness of the matenal of the fastener under impact load at a

specified low temperature. This test is only carried out if required in a product standard or if agreed between
the manufacturer and the purchaser.

9.14.2 Applicability

This test applies to fastenars having the following specifications:

—  machinad lest pieces made from bolls, screws and studs;

— o= 16 mm;

— total length of bolis and screws (including solid part of the head) = 55 mm;
— studs with total length /, = 55 mm;

— property classes 5.6, 8.8, 9.8, 10,9 and 12.9/12.9,
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9.14.3 Apparatus and testing device

See |50 148-1.

9.14.4 Machined test piece
The tasl plece shall be machined fram the faslener as recaived.
The machined test piece shall be in accordance with 150 148-1 (Charpy V-notch test). It shall be taken

lengthwise, located as close to the surface of the fastener as possible, and located in the threaded portion as
far as possible. The non-noiched side of the test piece shall be located near the surface of the fastener.

9.14.5 Test procedure

Mairtain the machined test piece at a stabilized temperature of —20 °C. The impact test shall be carried out in
accordance with 150 148-1.

9.14.6 Reguirements

When tested at a temperature of —20 °C, the impact strangth shall be in accordance with Table 3,

NOTE Otbver 1est temperatures and impact strength values may De specified in appropriate product standards or
agreed between the manufacturer and the purchaser,

915 Surface discontinuity inspection

Surface discontinuities shall be controlled on fasteners as received. For fasteners of property classes 4.6 to
10.9, a surface discontinuily inspection shall ba carmed oul in accordance with IS0 6157-1. By agreemenl
betwaean the manufacturer and the purchaser, 150 B157-3 may apply.

For fasteners of property class 12.9/12.9, surface discontinuity inspection shall be carried out in accordance
with IS0 6157-3.

In the case of test series MP1 (see Clause &), the surface dizcontinuity inspection applies before machining.

10 Marking

10.1 General

Fasteners manufactured to the reguirements of this part of 130 888 shall be designated in accordance with
the designation system described in Clause 5 and marked in accordance with 10.2 and 103 or 104, as
applicable. However, the designation system described in Clause 5 and the provisions for marking according
to 10.3 or 10.4 shall be usad anly if all relevant requirements of this part of 150 898 are met,

Unless otherwise specified in the product standard, the height of embossed markings on the top of the head
shall not be included in the head height dimensions.

10.2 Manufacturer's identification mark

A manufacturers identification mark shall be included during the manufacturing process an all fasteners
miarked with a property class symbol. Manufacturer's identification marking is also recommiended on fasteners
not marked with a property class symbol.

For the purposes of this part of 150 898, a distributor who distributes fasteners that are marked with his own
identification mark shall be considered to ba the manulacturar.
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10.3 Marking and designation of fasteners with full loadability

10.3.1 General

Fastanars with full laadability manufactured to the requiremants of this part of 150 B98 shall ba marked In

accardance with 10.3.2 to 10.2.4,

Alternative or optional permitted marking as stated in 10.3.2 fo 10.3.4 are left to the choice of the

manufacturer,

10.3.2 Marking symbaols for property classes

Marking symbels are specified in Table 19,

Table 19 — Marking symbols for fasteners with full loadability

Property class

4.6

4.8 5.6 5.8 6B

12.9

Y
4

Marking symbol

4.6

4.8 5.6 5.8 6.8

B.8

2.8

0.9

[f+]

12.9

a Thiz dot m the marking symbol may be omitted

In the case of small screws, or when the shape of the head does not allow the marking according to Table 18,
the clock face marking symbolz according to Table 20 may be used.

Table 20 — Clock face system for marking bolts and screws with full loadability

Property class 4.6 4.8 5.6 58
L. B ki S
Marking
symbeol
| | ] ]
b b B
b
Property class 6.8 BB 9.8 10.9 12.9
1 B,
- - B B — — b
barking
symbeod
b
b ! b
& The twelve o'clack position (reference mark] shall be marked sithar by the marufacturer's identification mark or by & dot,
B The property class is marked by a dash or a double dash and, in the case of 12,9, by a dol.
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10.3.3 Identification

10.3.3.1 Hexagon and hexalobular head bolts and screws

Hexagon and hexalobular head belts and screws (including fasteners with flange) shall be marked with the
manufacturar's identification mark and with the marking symbol of the property class specified in Table 19

The marking is required for fasteners of all property classes and of nominal diameter d = 5 mm.

The marking shall be made preferably on the top of the head by indenting or embossing, or on the side of the
head by indenting {see Figure 11). In the case of bolts or screws with flange, marking shall be on the flange
when the manufaciuring process does not allow marking on the top of the head.

Manulaciurer's identificalion mark.

U Property class.

Figure 11 — Examples of marking on hexagon and hexalobular head bolts and screws

10.3.3.2 Hexagon and hexalobular socket head cap screws

Hexagon and hexalobular socket head cap screws zhall be marked with the manufacturer’s identification mark
and with the marking symbol of the property class specified in Table 19.

The marking is required for fasteners of all property classes and of nominal diameter o = 5 mm.

Tha marking shall be made preferably on the side of the head by indenting, or on the top of the head by
indenting or embossing (see Figure 12),

Y
12.9

Figure 12 — Examples of marking on hexagon socket head cap screws

10.3.3.3 Cup head square neck bolts

Cup head sqguare neck bolts shall be marked with the manufacturer's identification mark and with the marking
symbol of the property class specified in Table 19,

The marking is required for fasteners of all property classes and of nominal diameter 4 = 5 mm.
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The marking shall be made on the head by indenting or embossing (see Figure 13).

Figure 13 — Example of marking cup head square neck bolts

10.3.3.4 Studs

Studs shall be marked with the manufacturer's identification mark and with the marking symbal of the property
class specified in Table 19 or the alternative marking symbaol specified in Table 21.

The marking is required for studs of property claszses 5.6, 8.8, 9.8 109 and 129129, and of nominal
diameter a = 5 mm.

The marking shall be on the unthreaded part of the stud. If this is not possible, marking of the property class
shall ba on the nut end, and the manufacturer's identification mark may be omitted (see Figura 14),

Far studs with interference fit, the marking of property class shall be on thie nut end, and the manufactursr's
identification mark may be omitted.

[
|
|

56
XYL

= €

Figure 14 — Example of marking of studs
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Table 21 — Alternative marking symbols for studs

Property class 56 8.8 9.8 10.9 12.8

Marking symbol . O + I:l &

2 s perrissible (o indent only the contour of the whole area of the symbal.

10.3.3.5 Other types of bolts and screws

If required by the purchaser, the same marking systems as specified in the above subclauses of 10.3 shall be
used for other types of bolis and screws and for special fasteners.

Marking iz not usual for screws with flat countersunk head, oval countersunk head, cheese head, pan head or
similar head shapes that are slotted, cross-recessed, or which have socket or other internal driving feature.

10.3.4 Marking of bolts and screws with left-hand thread

Bolts and screws with lefl-hand thread and a nominal diameter of 4 = 5 mm shall be marked with the symbal
spacified in Figure 15, either on the top of the head or on the point,

Figure 15 — Marking of bolts and screws with left-hand thread

Alternative marking for left-hand thread as shown in Figure 16 may be used for hexagon bolts and screws.

Wz

11—
|

ki1

I
¥

Key
5 width acrass flats
& height of the head

Figure 16 — Alternative marking of bolts and screws with left-hand thread
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10.4 Marking and designation of fasteners which, because of their geometry, have reduced
loadability

10.4.1 General

Fasteners with reduced loadability manufactured to this part of IS0 898 shall be marked in accordance with
10.3.3 and 10.3.4, except that the marking symbol for property class shall be preceded by the digit 07 in
accordance with Table 22.

The marking symbals acearding to Table 19, 20 or 21 shall not be used for fastenars with reduced loadakbility.
When reduced loadability applies lo fastenars according lo a product standard, the marking symbols

according o Table 22 shall apply to all sizes specified in the product standard, even if some sizes would fulfil
all requirements for full lcadability.

10.4.2 Marking symbaols for fasteners with reduced loadability

Marking symbaols shall be in accordance with Table 22

Table 22 — Marking symbols for fasteners with reduced loadability

Property class 4.6 4.8 56 5.8 6B a.8 9.8 | 109 | 129 | 129
Marking symbol @ 046 | 48 | 056 | 058 | 068 | 0BG | 098 0109 (0129|0129

Thaa dot in the marking symbol may be omitted

10.5 Marking of packages

All packages for all types of fasteners of all sizes shall be marked (e.g. through labelling). The marking shall
include the manufacturer's andfor distributor's identification and the marking symbol for propery class
according to Table 19 or Table 22, as well as the manufacturing lot number as defined in 150 168426,
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Annex A
(informative)

Relation between tensile strength and elongation after fracture

See Table A1,

Table A.1 — Relationship between tensile strength and elongation after fracture

Nominal tensile strength | | | | | | | | |
4000 500 600 YOO BOO 200 1000 1700 1200 1300

Ry nme MPa
'4frnn Armin
037 22 4.6
o33 20 5.8

Mirdrnum elongation after

fraciure @
Ab i O A 0,24 4.8

0,22 5.8

g200 q2° 6.8 B.8
— 10 9.8

013 8 10.9
g 12.9/

1239

B Thae vahues for Ap ey and Acien printed in bald type are nomative valees, see Table 3,

B Applies to property cass 68 only.

S Applies o propery class B.8 only,
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Annex B
(informative)

Influence of elevated temperatures on mechanical properties of
fasteners

Elevated temperatures can cause changes in the mechanical properties and in the functional performance of
a fastener.

Up to typical service temperatures of 150 *C, no detrimental effects due to a change of mechanical properties
of fasteners are known. At temperatures over 150 °C and up to a8 maximum temperature of 300 °C, the
functional performance of fasteners should be ensured by careful examination.

With increasing temperature, a progressive

— reduction of lower yield sirength or stress at 0,2 % non-proportional elongation or stress at 0,004 8 4 non-
proportional elengaticn for finished fasteners, and

reduction of tensile strength

can be experienced. The continuouws operating of fasteners at elevated service temperatures can result in
siress relaxation, which increases with higher temperalures. Stress relaxation aceompanies a loss of clamp
force,

Work-hardened fasteners (properly classes 4.8, 5.8, 6.8) are more sansitive with regard o stress relaxation
compared with quenched and tempered or stress-relieved fasteners.

Care should be taken when lead-containing steels are used for fasteners at elevated temperatures. For such
fasteners, a risk of liquid metal embrittlement (LME) should be taken into consideration when the service
ternparature is in the range of the melting point of lead.

Information for the selection and application of steels for use at elevated temperatures is given, for exampla,
in EM 10269 and in ASTM F2281.
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Annex C
(informative)

Elongation after fracture for full-size fasteners, .4;

In Table 3, minimum values for elongation after fracture for full-size bolts, screws and studs (4 ) are
specified for the property classes 4.8, 5.8 and 6.8 only. Values for the other property classes are given in
Table C.1 for information. These values are still under investigation.

Table C.1 — Elongation after fracture for full-size fasteners, 4;

Property class 46 5.6 8.8 9.8 10.9 12.9112.3
At min 0,37 0,33 0,20 — 0,13 —




DIN EN IS0 898-1:2009-08
EN IS0 898-1:2009 (E)

[

(2]

(3]

4]

Bibliography

EM 10269, Steels and nickel alloys for fasteners with specified elevated andior low temperature
propartias

120 1891, Fastenars — Tarminology

ASTM F2281, Standard Specificalion far Slainless Steel and Nickel Alloy Bolls. Hex Cap Screws, and
Studs, for Heat Resistance and High Temperature Applications

ASTM A 3200A 320M, Standard Specification for Alloy/Steel Bolling Materials for Low-Temperature
Senice



