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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The [procedures used EVE fS—docurr amd OSe Imtended for i 0 dainfenance are
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriashe¢ded for the
: ce with the

e subject of
5. Details of
tion and/or

Any|trade name used in this document is information given for thé tonvenience of users apd does not
congtitute an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of ISO specific| terms and
expijessions related to conformity assessment, as welléas information about ISO's adherfence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT), see wiww.iso.org/
iso/floreword.html.

This|document was prepared by Technical Comuiittee ISO/TC 2, Fasteners.

This|third edition cancels and replaces the $econd edition (ISO 3506-1:2009), which has been technically
revised.

The main changes compared to the previous edition are as follows:

— hnnexes common to several parts of the ISO 3506 series have been withdrawn from this document
hnd are now included in‘a,miew document (ISO 3506-6);

— Huplex (austenitic-ferritic) stainless steels for property classes 70, 80 and 100 have been added (see
Figure 1);

— property class-100 for austenitic stainless steel grades as well as grade A8 have been| added (see
Figure 1);

— [finish{see 6.3) has been added;

— h@&matching of stainless steel bolt and nut grades (see 6.4) has been added;

— calculated minimum ultimate tensile loads and minimum loads at 0,2 % non-proportional elongation
(see Tables 4 to 7) and rounding rules have been added;

— reduced loadability for fasteners due to head or shank design (see 8.2) has been added;
— requirements and guidance for inspection procedures (see 8.3 to 8.6) have been added;
— operational temperature ranges (see Clause 1) have been clarified;

— the applicability of test methods (see Clause 8), also in relation to full and reduced loadability, has
been added;

— the tensile test procedure (see 9.1) has been entirely amended, and application to fasteners with
reduced loadability (see 9.2 and 9.3) has been added;
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the wedge tensile test (see 9.4) and hardness test (see 9.6) have been improved;

marking and labelling (see Clause 10) have been improved, and fasteners with reduced loadability
have been included;

mechanical properties at elevated temperatures and application at low temperatures (see Annex A)
have been improved;

the structure and content of this document have been brought in line with ISO 898-1.

Alist of all parts in the ISO 3506 series can be found on the ISO website.

Any feedbagk or questions on this document should be directed to the user’s national standards bofly. A

complete ligting of these bodies can be found at www.iso.org/members.html.

Vi
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ISO 3506-

Introduction

1:2020(E)

The ISO 3506 series consists of the following parts, under the general title Fasteners — Mechanical
properties of corrosion-resistant stainless steel fasteners:

— Part 1: Bolts, screws and studs with specified grades and property classes

— Part 2: Nuts with specified grades and property classes

— Part 3Y: Set screws and similar fasteners not under tensile stress

The

(esp
prog

Part 41): Tapping screws
Part 52): Special fasteners (also including fasteners from nickel alloys) for high temperature
Part 6: General rules for the selection of stainless steels and nickel alloys for fasteners

properties of stainless steel fasteners result from the chemical composition of t
bcially corrosion resistance) and from the mechanical properties, due to the ma

manpufactured by cold working; they consequently do not have homogeneous local materia

whe

Aust
193

h compared to quenched and tempered fasteners.

enitic-ferritic stainless steels referred to as duplex stainless steels were originally inv

duplex stainless steels have been long established in a rahge of applications. This document

to rg

All ¢
the
corr

Complementary detailed explanations about definitions of stainless steel grades and prc

sped

flect their standardization.

uplex stainless steel grades show improved.resistance to stress corrosion cracking c
fommonly used Al to A5 austenitic grades.Most duplex grades also show higher leve
psion resistance, where D2 matches at least A2 and where D4 matches at least A4.

ified in [SO 3506-6.

applications

he material
hufacturing

esses. Ferritic, austenitic and duplex (austenitic-ferritic) stainless,steel fasteners arfe generally

properties

bnted in the

s. Standard duplex grades used today have been developed since the 1980s. Fasten¢rs made of

vas revised

pmpared to
Is of pitting

perties are

1) Itisintended to revise ISO 3506-3 and ISO 3506-4 in the future in order to include the reference to ISO 3506-6.

2) Under preparation.
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Fasteners — Mechanical properties of corrosion-resistant
stainless steel fasteners —

Part 1:
Bolts, screws and studs with specified grades and

pr

1
This

coar
the 4

mar
The

ISO
theil

Fast
speg
proy

NOT
appli
appli

Outs

appf]
and

mwawrkyy slaccac
PCI ‘,y CidodTO

Scope

document specifies the mechanical and physical properties of bolts; s¢rews and
se pitch thread and fine pitch thread, made of corrosion-resistant stairless steels, wh
imbient temperature range of 10 °C to 35 °C. It specifies property classes in relation t
Fensitic, ferritic and duplex (austenitic-ferritic) steel grades for fasténers.

term “fasteners” is used in this document when bolts, screws and studs are considered

B506-6 provides general rules and additional technical information on suitable stainles
properties.

eners conforming to the requirements of this document are evaluated at the ambient t

erties at elevated and/or lower temperatures.

1  Fasteners conforming to the requjrements of this document are used without r
cations ranging from -20 °C to +150 °C; however, fasteners conforming to this document are
cations outside this range down to -196 2C and up to +300 °C. For more details, see Annex A ang

ide the temperature range of -20-°C to +150 °C, it is the responsibility of the user to de
opriate choice for a given application in consultation with an experienced fastener 1
by taking into account e(g)stainless steel composition, duration of exposure at elev

temperature, the effect of the/temperature on the fasteners mechanical properties and clai

and

NOT
prop

This

Lhe corrosive service environment of the bolted joint.

£ 2 1SO 3506-549 developed in order to assist in the selection of appropriate stainless sted
erty classes intended for use at temperatures up to +800 °C.

documentyapplies to bolts, screws and studs:

with ISO metric thread in accordance with I1SO 68-1,

studs, with
bn tested at
austenitic,

hll together.

s steels and

emperature

ified in paragraph 1. It is possible that they do\not retain the specified mechanical and physical

bstriction in
hlso used for
| [SO 3506-6.

termine the
netallurgist
hted or low
nped parts,

| grades and

ith diameter/pitch comhinations in accordance with I1SO 261 and 1SQ 262
with coarse pitch thread M1,6 to M39, and fine pitch thread M8x1 to M39x3,
with thread tolerances in accordance with ISO 965-1 and ISO 965-2,

with specified property classes, and

of any shape.

Stainless steel grades and property classes can be used for sizes outside the diameter limits of this
document (i.e. for d < 1,6 mm or d > 39 mm), provided that all applicable chemical, mechanical and
physical requirements are met.

© IS0 2020 - All rights reserved
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Certain bolts, screws and studs might not fulfil the tensile or torsional requirements of this document
because of the geometry of their head or unthreaded shank, thus resulting in reduced loadability (e.g.
when shear area in the head is less than the stress area in the thread; see 8.2.2).

This document does not apply to set screws and similar threaded fasteners not under tensile stress
(see ISO 3506-3).

[t does not specify requirements for functional properties such as:

torque/clamp force properties,

shear sfrength

fatigue|resistance, or

weldabjlity.

2 Normative references

The following documents are referred to in the text in such a way that some,or all of their cor

constitutes

requirements of this document. For dated references, only the edition cited applies

undated references, the latest edition of the referenced document (including any amendments) app

ISO 1891-4,

ISO 3506-6
General rule

Fasteners — Vocabulary — Part 4: Control, inspection, deliyery, acceptance and quality

Fasteners — Mechanical properties of corrosion-resistant stainless steel fasteners — Pd
s for the selection of stainless steels and nickel alloysfor fasteners

tent
For
lies.

rt 6:

ISO 6506-1,|Metallic materials — Brinell hardness test — Pdxrt 1: Test method

ISO 6507-1,[Metallic materials — Vickers hardness test—=- Part 1: Test method

ISO 6508-1,|Metallic materials — Rockwell hardness test — Part 1: Test method

ISO 6892-1,|Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 7500-1,|Metallic materials — Calibration and verification of static uniaxial testing machines — Pqrt 1:
Tension/compression testing machines-= Calibration and verification of the force-measuring system

[SO 9513,
ISO 16228,

3 Terms

For the pur
[SO and IEC

Ol\]l
etallic materials — Calibration of extensometer systems used in uniaxial testing

Fasteners — TypeSof inspection documents

and definitions

bosés'of this document, the following terms and definitions apply.

iadta i H 1 H 1Ldorola £ H i A | I A3 erlo o €11 H Japa|
IIIdIitalilr LTl uuuuxusu,cu UdididotTo 1UL USU IIT Stalludl UlZatlUll dU L1IIT TUIIUVV llls dUuluIrtoo

— ISO Online browsing platform: available at https://www.iso.org/obp

31

IEC Elec

tropedia: available at http://www.electropedia.org/

stainless steel bolt and screw with full loadability
bolt and screw with head stronger than the threaded and unthreaded shanks (with unthreaded shank
diameter d = d, or d > d,) or screw threaded to the head, and fulfilling the minimum ultimate tensile load

3.2

stainless steel stud with full loadability
stud with unthreaded shank diameter d, ~ d, or d, > d,, and fulfilling the minimum ultimate tensile load

© IS0 2020 - All rights reserved
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stainless steel bolt and screw with reduced loadability
bolt and screw with head weaker than the threaded and unthreaded shanks, or with an unthreaded
shank diameter d; < d,

3.4

stainless steel stud with reduced loadability

stud

3.5

with unthreaded shank diameter d < d,

stainless steel

1:2020(E)

stee
carb

3.6

with at feast 10,5 9% (Mmass fraction) of cChromium (Cr) and maximum 1,2 % (Imass
on (C)

austenitic stainless steel

stain
heat
mag|

3.7

man
stain
whig

less steel (3.5) with high amounts of chromium and nickel which usually ¢annot be h
treatment, providing excellent resistance to corrosion, good ductility,-and usually
hetic properties

tensitic stainless steel
less steel (3.5) with high amounts of chromium but very/ittle nickel or other alloyin
h can be hardened by heat treatment for increasing stréngth but with reduced ductili

highlly magnetic properties

3.8

ferr
stain
usug

39

dup
stain
exce
nick

tic stainless steel
less steel (3.5) containing less than 0,1 % catbon and typically 11 % to 18 % chronm
lly cannot be hardened by heat treatment,iand with highly magnetic properties

ex stainless steel

less steel (3.5) with a micro-striugture that includes both austenitic and ferritic phase
[lent resistance to corrosion, containing a higher amount of chromium and a reduced
b] compared to austenitic sfeel, with high strength, and with magnetic properties

Symbols

he purposes ofthis document, the following symbols apply.

total’elongation after fracture, mm

hominal stress area in thread, mm?

fraction) of

ardened by
OW Or non-

g elements,
'y, and with

ium, which

s providing
quantity of

cross-sectional area of waisted shank, mm?2

thread length, mm

nominal thread diameter of the fastener, mm

basic minor diameter of external thread, mm

basic pitch diameter of external thread, mm

minor diameter of external thread (for nominal stress area calculation), mm

inner diameter of the bearing face, mm

© IS0 2020 - All rights reserved
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hole diameter for adaptors and wedge, mm

diameter of unthreaded shank, mm

ultimate tensile load, N

load at 0,2 % non-proportional elongation for full-size fastener, N
height of the fundamental triangle of the thread, mm

height of the head, mm

5 Desigi

5.1 Gene

The standa
Table 2 or 3

The design

nominal length of fastener, mm

total length of fastener before tensile test, mm

total length of fastener after fracture, mm

clamping length before tensile test, mm

length of unthreaded shank, mm

overall length of stud, mm

free threaded length of fastener in testing device, mm

breaking torque, Nm

pitch of the thread, mm

tensile strength for fastener with reducedloadability due to shank design, MPa
tensile strength for full-size fastener,MPa

stress at 0,2 % non-proportional elongation for full-size fastener, MPa

wedge angle, °

nation system for stainless steel grades and property classes

ral

htion: system for stainless steel grades and property classes for bolts, screws and

consists of

stainless steel grade, and the second block the property class of the fastener.

dized combinations of stainless steel grades and property classes are specified in Clause 7,

studs

es the

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=ac4808d491981af8c7358c6bd5856ee1

ISO 3506-1:2020(E)

Stainless steel Austenitic Ferritic
group
I I_I_I
Stainless steel Al A2* A3 A4® A5 A8 F1
grade
I I I I I I I I
Property class 50 70 80 50 70 80 100 70 80 100 45 60
Fastener Soft Soft Work Soft  Soft Work Soft or Work Soft  Work
co ‘ditiun orwaork Ir\arr‘onnrl’ orwaork Inarr]nnnr" work Ir\arr]onnrl’ hardened
hardened  high hardened high hardened high
strength strength strength
Staipless steel Martensitic Dupléxy(austenitic-ferrjitic)
broup
| I I I
Staipless steel c1 c3 C4 D2 D4 D6 D8
grade I I I |
1T 1 I I
Progerty class 50 70 110 80 50 70 70 80 100
F 1st.eper Soft  Quenched Quenched  Soft Quenched Soft or work Work hardened,
copdition and and and hardened high strength
tempered tempered tempered

a For low carbon austenitic stainless steels with carbon content not exceeding 0,030 %, fasteners can additionally

b For information only.

be marked or designated with the letten"L" just after the grade. Example: A4L-80.

The marking, labelling@nd designation of fasteners with stainless steel grade and propert
be ap specified in Cldause 10. For bolts, screws and studs with reduced loadability which can be tensile
tested in the threaded shank, the digit “0” shall precede the property class as specified i} 10.1.3. For
fast¢ners witheduced loadability which cannot be tensile tested due to a too short th
(b <Bd), the property class shall not be referenced.

The desigwation system of this document may be used for sizes outside the diameter limits
Clauké-l (i.e. d < 1,6 mm or d > 39 mm), provided that all applicable chemical, mechanical gnd physical

Figure 1 — Designation system for stainless steel grades and property classes for fasteners

 class shall

read length

specified in

req

i[ CIIICTILS dI'C ITICL.

5.2 Designation of stainless steel grades (first block)

The designation of the stainless steel grade (first block) consists of one letter which specifies the
stainless steel group:

A for austenitic,
C for martensitic,

F for ferritic,

© IS0 2020 - All rights reserved
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and

— adigit which specifies the range of chemical compositions within this stainless steel group.

The chemical compositions of stainless steel groups and grades classified in Figure 1 are specified in

Table 1.

5.3 Designation of property classes (second block)

The designation of the property class (second block) consists of a number corresponding to 1/10 o
minimum tensile strength of the fastener in accordance with Table 2 or 3.

f the

EXAMPLE 1| AZ2-70 specifies an austenitic stainless steel fastener, work hardened, with a minimum\tg
strength of 700 MPa.

EXAMPLE 2| C1-110 specifies a martensitic stainless steel fastener, quenched and tempered, with‘a mini

tensile strength of 1 100 MPa.

6 Maternjials

6.1 Chemical composition

Table 1 specifies the limits for chemical composition of the stainless.steel grades for fasteners.
chemical composition shall be assessed in accordance with the releyvant International Standards.

The final chpice of the chemical composition within the specified stainless steel grade is at the discrg
of the manyfacturer, unless otherwise agreed between the purchaser and the manufacturer.

The stainldss steel grade suitable for an application shall be selected in accordance with|
specifications defined in ISO 3506-6.

nsile

muim

The

tion

the

6 © IS0 2020 - All rights reserved
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Table 1 — Stainless steel grades — Chemical composition

1:2020(E)

i Chemical composition 2
Stainless (cast analysis, mass fraction in %) b Other elements
steel grade and notes
C Si Mn P S Cr Mo Ni Cu N
0,15to 16,0 to 5,0 to 1,75 to . q
Al 0,12 1,00 | 6,5 | 0,020 0,35 19,0 0,70 10,0 2,25 cde
15,0 to ¢ 8,0 to h
A2 0,10 1,00 | 2,00 | 0,050 0,030 20,0 — 19,0 4,0 — &
17,0 to ¢ 9,0 to 5C<Ti<0,80and/or
A3 0,08 1,00 | 2,00 | 0,045 0,030 19,0 — 12,0 1,00 — 10C <Nb < 1,00
Austenitic - - N
+6;60-to——2;00-to—16;6-to — hi
A4 0,08 1,00 | 2,00 | 0,045 0,030 18,5 3.00 15,0 4,0 !
16,0to | 2,00to | 10,5to . 5C<£T]<0,80and/or
A5 0,08 1,00 | 2,00 | 0,045 0,030 18,5 3,00 14,0 1,00 10Ck Nb<1,001
19,0 to 17,5 to
A8 0,030 1,00 | 2,00 | 0,040 0,030 22,0 6,0to 7,0 26,0 1,50 * —
0,09 to 11,5 to )
C1 0.15 1,00 | 1,00 | 0,050 0,030 14.0 — 1,00 — !
e 0,17 to 16,0 to 1,50 to
Marjtensitic | C3 0,25 1,00 | 1,00 | 0,040 0,030 18,0 — 250 — — —
0,08 to 0,15 to 12,0 to - o i
C4 0,15 1,00 | 1,50 | 0,060 0,35 14,0 0,60 1,00
Fqrritic [ F1| 008 [ 100100 [ 0040 | 0030 | 32| —5 W 1,00 — — j
Cr +(3,3Mo +16N
19,0to [$010to | 1,50 to 0,05 to ’
D2 0,040 1,00 | 6,0 | 0,040 0,030 24,0 1,00 5,5 3,00 0,20 < 2k4,0
24,0)< Cr + 3,3Mo
D4 | 0040 |1,00] 60 |0040| 0030 | X0t | 0100} 1,00t | 34, | 0,05t +16N
Dlplex 25,0 2,00 5,5 0,30 K
21,0to | 2,50to0 4,5 to 0,08 to .
D6 0,030 1,00 | 2,00 | 0,040 0,015 23,0 35 6.5 — 0.35
24,0to | 3,00to 6,0 to 0,20 to
D8 0,030 1,00 | 2,00 | 0,035 0,015 26,0 45 8,0 2,50 0,35 W=<1,00
a \ccording to material standards, values are maximum unless otherwise indicated and the number of digits shown is in accordance with usual rules,
see e.g. EN 10088 (all parts).
b n case of dispute, product analysis applies.
¢ elenium can be used to replace sulphur, however restrictions may apply to its use.
d f the nickel content is below 8,00:%,the minimum manganese content shall be 5,0 %.
e [here is no minimum limjtto.the copper content provided that the nickel content is greater than 8,0 %.
f Molybdenum may be present at the discretion of the manufacturer. However, if for some applications limiting of the molybdenum content is essential,
this shall be stated at the’time’of ordering by the purchaser.
g f the chromiwm dgntent is below 17,0 %, the minimum nickel content should be 12,0 %.
h For austenitie stainless steels having a maximum carbon content of 0,030 %, nitrogen may be present but shall not exceed 0,22 %.
i \t thesdiscretion of the manufacturer the carbon content may be higher as necessary in order to obtain the specified mechanical properties for larger
diamdters, but shall not exceed 0,12 % for austenitic steels.
j itamium and/ornichinm may he included to improve corrasion resistance

k
criter

This formula is used solely for the purpose of classifying duplex steels in accordance with this document (it is not intended to be used as a selection

ion for corrosion resistance).

For the choice of the appropriate stainless steel grade suitable for a specific application, see ISO 3506-6.
Examples of stainless steels in accordance with Table 1 are also given in ISO 3506-6.

6.2

Heat treatment for martensitic stainless steel fasteners

Fasteners of grades and property classes C1-70, C3-80 and C4-70 shall be quenched and tempered.

Fasteners of grade and property class C1-110 shall be quenched and tempered, with a minimum
tempering temperature of 275 °C.
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6.3 Finish
Unless otherwise specified, fasteners in accordance with this document shall be supplied clean and bright.

For maximum corrosion resistance, passivation is recommended. Fasteners that are passivated in
accordance with ISO 16048 may additionally be referenced on the label with the letter “P” immediately
after the property class symbol (see 10.4).

NOTE1 Passivated fasteners do not always show a bright surface finish.

Bolts, screws and studs are often used in bolted joints where the preload is achieved by torque
tightening_ Therefore lubrication of stainless steel fasteners is recommended in order to avoid g:\]ling

during tightening.

NOTE 2  Several parameters can increase the risk of galling for stainless steel fasteners in bolted)assemblies
during tightgning such as thread damage, high preload, high tightening speed.

NOTE3  For the time being, requirements concerning surface discontinuities and (toerque/clamp force
properties afe not specified in International Standards for stainless steel fasteners.

A controllefl torque/clamp force relationship can be obtained for stainless Steel fasteners by means
of an adeqyate finish, either just with a lubricant or with a coating, top ceat and/or sealer including
lubricant. In this case, the designation and/or labelling should include, the letters “Lu” immediately
after the symbol of the property class, e.g. A4-80Lu. In conjunction, appropriate measures and meaps of
tightening ghould be selected in order to achieve the required preload.

When specific requirements are necessary, it shall be agreed betwéen the supplier and the purchaser at
the time of the order.

6.4 Corrgsion resistance

For corrosipn resistance purpose, bolts, screws and studs should be mated with nuts and washefs of
the same stlainless steel grade (e.g. nuts A2 with-bolts A2, etc.). Other combinations are possible|(e.g.
nuts A4 with bolts D4), providing that:

— the conjponent with the lowest corresion resistance shall always be taken into account,
— the risH of galling should be considered, and
— itis strpngly recommended that an experienced fastener metallurgist be consulted.

When using stainless steel, fasteners with non-stainless steel parts in bolted joints, e.g. galvarlized
steels, it is|advised thaf:the use of isolation components be considered in order to avoid galvanic
corrosion.

7 Mechanieal and physical properties

When tested by the methods specified in Clause 9, the bolts, screws and studs of the specified stainless
steel grade and property class shall meet, at ambient temperature, all the applicable requirements
specified in Tables 2 to 8, regardless of which tests are performed during manufacture or final
inspection.

Clause 8 specifies the applicability of test methods for verifying that fasteners of different types and
dimensions fulfil the requirements in accordance with Tables 2 to 8.

Even if the material of the fasteners meets all relevant requirements specified in Clause 6, it is possible
that certain fasteners would not fulfil the tensile or torsional requirements because of the geometry
of their head (with reduced shear area in the head compared to the stress area in the thread, such
as countersunk, raised countersunk or low head) or because of the geometry of their shank (reduced
shear area in the unthreaded shank compared to the stress area in the thread). For such fasteners with
reduced loadability, see 8.2.2 and 10.1.3.
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Although a great number of stainless steel grades and property classes are specified in this document,
this does not mean that all combinations are appropriate due to the properties of the material in
conjunction with the fastener geometry. Nevertheless, some combinations of grades and property
classes may not be available on the market. For non-standard fasteners, it is recommended that a
fastener expert be consulted.

Table 2 — Mechanical properties for bolts, screws and studs — Austenitic and duplex grades

. Stress at 0,2 % .
. Tensile . Elongation
Stainless steel Property non-proportional
strength 2 - after fracture
grade class elongation
Ring Ryt 4
min. min. min.
MPa MPa mm
50 500 210 0,6d
Al A2
70 700 450 0,4d
A3
80 800 600 0,3d
50 500 210 0,6d
Aystenitic A4 A5 70 700 450 0,4d
80 800 600 0,3d
100 1000 800 0,2d
70 700 450 0,4d
A8 80 800 600 0,3d
100 1 000 800 0,2d
70 700 450 0,4d
D2 D4
Duplex D6 D8 80 800 600 0,3d
100 1000 800 0,2d
3 Minimum ultimate tensile loads (F,,¢).are’specified in Table 4 for coarse pitch thread, and in Table 6 for fing pitch thread.
b Minimum loads at Ry¢ (Fy) are speegified in Table 5 for coarse pitch thread, and in Table 7 for fine pitch thijead.
Table 3 — Mechanical properties for bolts, screws and studs — Martensitic and ferritic grades
Stainless Prdperty [ Tensile Stress at 0,2 % Elongation Hardness
bteel grade class strength 2 non-proportional after ;
elongation b fracture min. to max.
Ry Ryt A
min. min. min. HV HRC HBW
MPa MPa mm
50 500 250 0,2d 155t0 220 — 147 to 209
C1 70 700 410 0,2d 220to 330 20 to 34 209 to 314
Martensitic 110¢ 1100 820 0,2d 350 to 440 36to 45 —
C3 80 800 640 0,2d 240 to 340 21to 35 2281t0 323
ca 50 500 250 0,2d 155 to 220 — 147 to 209
70 700 410 0,2d 220to 330 20 to 34 209to 314
45 450 250 0,2d 135 to 220 - 128 to 209
Ferritic F14d
60 600 410 0,2d 180 to 285 — 171 to 271
a Minimum ultimate tensile loads (F,¢) are specified in Table 4 for coarse pitch thread, and in Table 6 for fine pitch thread.
b Minimum loads at Ry¢ (pr) are specified in Table 5 for coarse pitch thread, and in Table 7 for fine pitch thread.
¢ Hardened and tempered at a minimum tempering temperature of 275 °C.
d Only for nominal thread diameters d < 24 mm.
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Table 4 — Minimum ultimate tensile loads — Coarse pitch thread

N;T;?:l Minimum ultim::\tlteI tensile load, F 2
Thread area
d Ag nom Austenitic and duplex steels Martensitic steels Ferritic steels
mm? 50b 70 80 100 50 70 80 110 45 60
M3 5,03 2520 3530 4030 5040 2520 3530 4030 5540 2270 3020
M3,5 6,78 3390 4750 5430 6780 3390 4750 5430 7 460 3050 4070
M4 8,78 4390 6150 7030 8780 4390 6150 7030 9660 3960 5270
M5 14,2 7100 9930 11350 14 190 7100 9930 11350 15610 6390 8510
M6 0,1 10070 14090 16 100 20130 10070 14 090 16 100 22140 9060 12,980
M7 8,9 14430 20210 23090 28860 14 430 20210 23090 31750 12990 17 B20
M8 B6,6 18310 25630 29290 36610 18310 25630 29290 40270 16 480 21970
M10 68,0 29000 40600 46 400 57990 29000 40600 46 400 63790 267100 34 800
M12 B4,3 42140 58990 67 420 84270 42140 58990 67 420 92700 37920 50 560
M14 115 57 720 80810 92360 | 115500 57720 80810 92360 127.000 51950 69 70
M16 157 78340 | 109700 | 125400 | 156 700 78 340 109700 | 125400 | (17Z2-400 70 510 94 P10
M18 192 96240 | 134800 | 154000 | 192 500 96 240 134800 | 154 000%| 211800 86 620 115/500
M20 45 122400 | 171400 | 195900 | 244800 | 122400 | 171400 | 195900-| 269300 | 110200 | 146/900
M22 303 151700 | 212400 | 242800 | 303400 | 151700 | 212400 |_242800 | 333800 | 136600 | 182[100
M24 353 176 300 | 246800 | 282100 | 352600 | 176300 | 246800, |“282100 | 387800 | 158700 | 211[600
M27 159 229800 | 321600 | 367600 | 459500 | 229800 | 321600 | 367600 | 505400 — -+
M30 561 280300 | 392500 | 448500 | 560600 | 280300 | 392,500 | 448500 | 616700 — -+
M33 H94 346800 | 485500 | 554900 | 693600 | 346800485500 | 554900 | 763 000 — -T
M36 817 408400 | 571800 | 653400 | 816800 | 408400 | 571800 | 653400 | 898400 — -+
M39 P76 487900 | 683100 | 780700 | 975800 | 487900 | 683100 | 780700 | 1073400 — -+
a F,pvalues ffave been calculated from the exact figures of A ,,, as specified in 9.1.5 and rounded to the next upper 10 N up to 100 000 N, and to the next
100 N above.
b Property clpss 50 refers to the austenitic grades Al to A5 only-
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Table 5 — Minimum loads at R, — Coarse pitch thread

N:tl:_leig:l Minimum load at 0,2 % non-proportional elongation, F,?
Thread area N
d Ag hom Austenitic and duplex steels Martensitic steels Ferritic steels
mm? 50b 70 80 100 50 70 80 110 45 60
M3 5,03 1060 2270 3020 4030 1260 2070 3220 4130 1260 2070
M3,5 6,78 1430 3050 4070 5430 1700 2780 4340 5560 1700 2780
M4 8,78 1850 3960 5270 7030 2200 3600 5620 7200 2(20 3600
M5 14,2 2980 6390 8510 11350 3550 5820 9080 11630 3/55 5820
M6 20,1 4230 9060 12080 16 100 5040 8260 12880 16 510 504 8260
M7 28,9 6070 12990 17 320 23090 7220 11840 18 480 28670 722 11840
M8 36,6 7690 16 480 21970 29290 9160 15010 23430 30020 916 15010
M[10 58,0 12180 26100 34800 46 400 14 500 23780 37120 47 560 14 500 23780
M[12 84,3 17 700 37920 50560 67 420 21070 34550 53940 69100 21070 34550
M4 115 24250 51950 69 270 92360 28860 47 340 73890 94 670 28 86[0 47 340
Mii6 157 32910 70510 94010 | 125400 | 39170 64 240 100300 | 128500 3917p 64 240
M[8 192 40420 86620 | 115500 | 154000 | 48120 78920 123200 | 157900 48120 78920
0 245 51410 | 110200 | 146900 | 195900 | 61200 100400 | 156700 | 200800 61 200 100 400
2 303 63720 | 136600 | 182100 | 242800 | 75850 124400 | 194200 | 248800 75 850 124 400
4 353 74030 | 158700 | 211600 | 282100 | 88130 144 600 | 225700 | 289100 88 130 144 600
7 459 96480 | 206800 | 275700 | 367 600 |, 1744900 | 188400 | 294100 | 376800 — —
0 561 117 800 | 252300 | 336400 | 4485001 140200 | 229900 | 358800 | 459700 — —
3 694 145700 | 312100 | 416 200 | 554900 | 173400 | 284400 | 443900 | 568800 — —
l]::t6 817 171600 | 367 600 | 490 100 [“653 400 | 204200 | 334900 | 522800 | 669800 — —
9 976 205000 | 439100 | 585500,% 780700 | 244000 | 400100 | 624500 | 800200 — —
a ['bf values have been calculated from the exact figures of Ag o, as specified in 9.1.5 and rounded to the next upper 10 N up to 100 000 N, and to the next
100 Njabove.
b roperty class 50 refers to the austenitic grades Al to A5 only.
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Table 6 — Minimum ultimate tensile loads — Fine pitch thread

N;T;g:l Minimum ultimat[teI tensile load, F @
Thread area
dxP Ag nom Austenitic and duplex steels Martensitic steels Ferritic steels
mm? 50b 70 80 100 50 70 80 110 45 60
M8x1 39,2 19590 27420 | 31340 39170 19590 | 27420 | 31340 43090 17 630 23510
M10x1,25 61,2 30600 42840 | 48960 61200 30600 | 42840 | 48960 67320 27 540 36720
M10x1 64,5 32250 45150 | 51600 64 500 32250 | 45150 | 51600 70950 29030 38700
M12x1,5 88,1 44 070 61690 | 70510 88130 44070 | 61690 | 70510 96 940 39 660 52 880
M12x1,25 92,1 46 040 64460 | 73660 92080 | 46040 | 64460 | 73660 | 101300 41 440 55,250
M14x1,5 125 62 280 87190 | 99640 | 124600 | 62280 | 87190 | 99640 | 137100 56 050 74130
M16x1,5 167 83630 117 100 | 133800 | 167300 | 83630 | 117100 | 133800 | 184000 75270 100400
M18x1,5 216 108200 | 151400 | 173000 | 216300 | 108200 | 151400 | 173000 | 237900 97310 1291800
M20x2 258 129000 | 180600 | 206400 | 258000 | 129 000 | 180 600 | 206 400 | 283 80Q 4116 100 | 154|800
M20x1,5 272 135800 | 190100 | 217300 | 271600 | 135800 | 190100 | 217 300 | 298700/ | 122200 | 163000
M22x1,5 333 166 600 | 233200 | 266500 | 333100 | 166600 | 233 200 | 266 500 | (366400 | 149900 | 199[900
M24x2 384 192300 | 269100 | 307 600 | 384500 | 192300 | 269 100 | 307 600.| 422900 | 173 000 | 230{700
M27x2 496 247900 | 347100 | 396 600 | 495800 | 247900 | 347 100 | 396,600 | 545400 — -+
M30x2 621 310700 | 434900 |497000| 621300 | 310700 | 434900497000 | 683400 — -+
M33x2 761 380400 |532600|608700| 760800 |380400 | 5326004608700 | 836900 — -T
M36x3 865 432500 |605500|692000| 865000 [432500|605500|692000| 951500 — -+
M39x3 1030 514200 | 719900 | 822800 [1028400 | 514 200.[(719 900 | 822800 | 1131 300 — -+
F,¢ have bden calculated from the exact figures of Ag ., as specified in 9.1.5 and rounded to the next upper 10 N up to 100 000 N, and to thp next
100 N above.
b Property clpss 50 refers to the austenitic grades Al to A5 only.
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Table 7 — Minimum loads at R, — Fine pitch thread

N:::::l Minimum load at 0,2 % non-proportional elongation, F¢®
Thread area N
dxP A nom Austenitic and duplex steels Martensitic steels Ferritic steels
mm? 50b 70 80 100 50 70 80 110 45 60
M8x1 39,2 8230 17630 | 23510 | 31340 9800 16 060 | 25070 | 32120 9800 16 060
M10x1,25 61,2 12 860 27540 | 36720 | 48960 | 15300 | 25100 | 39170 | 50190 15300 25100
M10x1 64,5 13550 29030 | 38700 | 51600 | 16130 | 26450 | 41280 | 52890 16 130 26 450
M12x1,5 88,1 18 510 39660 | 52880 | 70510 | 22040 | 36140 | 56410 | 72270 22 040 36140
M1px1,25 92,1 19 340 41440 | 55250 | 73660 | 23020 | 37750 | 58930 | 75500 23002 37750
M14x1,5 125 26 160 56050 | 74730 | 99640 | 31140 | 51070 | 79710 | 102200 31114 51070
M16x1,5 167 35130 75270 | 100400 | 133800 | 41820 | 68580 | 107 100 | 137 200" [ 41 82 68 580
M18x1,5 216 45410 97 310 | 129800 | 173000 | 54060 | 88660 | 138400 | 177400 54 06 88 660
M20x2 258 54180 116 100 | 154 800 | 206 400 | 54180 | 116 100 | 154 800,211 600 | 5418 116 100
MZ0x1,5 272 57 020 122200 | 163 000 | 217 300 | 67880 | 111400 | 173 .800-f 222700 | 67 88 111 400
M342x1,5 333 69950 149900 | 199900 | 266 500 | 83270 | 136600 | 213200 | 273 200 83 27 136 600
M]24x2 384 80730 173000 | 230700 | 307 600 | 96110 | 157 700%| 246 100 | 315300 | 9611 157700
MR27x2 496 104200 | 223100 | 297 500 | 396 600 | 124 000 | 203'300-| 317 300 | 406 600 — —
MBOx2 621 130500 |[279600 | 372800 | 497 000 | 155400 | 254 700 | 397 600 | 509 400 — —
MB3x2 761 159800 | 342400 | 456500 | 608700 [ 190 200 \312 000 | 487 000 | 623 900 — —
MB6x3 865 181700 | 389300 | 519000 | 692000 | 216300 | 354 700 | 553 600 | 709 300 — —
MB9x%3 1030 216 000 | 462800 | 617 100 | 822800 | 257 100 | 421 700 | 658 200 | 843 300 — —
:00 *glgl(:iz-e been calculated from the exact figures of A, as specified in 9215 and rounded to the next upper 10 N up to 100 000 N, and to the next
b roperty class 50 refers to the austenitic grades A1 to A5 only.
Whdn tensile test in accordance with Clause9 is not feasible due to too shortlength (I < 2,5¢ or b < 2d),
minimum breaking torque is specified.inr Table 8 as alternative to tensile strength for bolts,|screws and
studls with full loadability.
If tofque testing is required:

minimum torque values are specified in Table 8 only for austenitic grades of property cl
hnd 80, and fasteners with coarse pitch thread,

ho values are available for austenitic grades of property class 100,
ho values aredavailable for fasteners with fine pitch thread,

ho valuésidare available for martensitic, ferritic and duplex (austenitic-ferritic) steel gra

att

In tﬂgse eases, minimum breaking torques shall be agreed between the manufacturer and th|

time of the order

hsses 50, 70

les.

e purchaser
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Table 8 — Minimum breaking torque Mg for austenitic grades

Minimum breaking torque 2
My
Thread Nm
d Property class
50 70 80
M1,6 0,15 0,2 0,24
M2 0,3 0,4 0,48
M2;5 8;6 89 096
M3 1,1 1,6 1,8
M4 2,7 3,8 4,3
M5 55 7,8 8,8
M6 9,3 13 15
M8 23 32 37
M10 46 65 74
M12 80 110 130
M16 210 290 330
a2 The drive and/or recess of the fastener are not always able.to apply the minimum
breaking torque specified in this table; this shall not be the causedor rejection.

8 Applic¢ability of test methods and inspection

8.1 Appljcability of test methods

The applicapility of the tests specified in Tables 9 ‘and 10 depends on stainless steel grade and fastener
type and siges. However, not all mechanical and-physical properties specified in Tables 2 to 8 can be
tested on alll types or sizes of fasteners, printarily for dimensional and/or loadability reasons.

8.2 Loadability of fasteners

8.2.1 Fasteners with full loadability

A stainless|steel bolt or screw with full loadability or a stainless steel stud with full loadability] is a
finished fasftener, standasdized or non-standardized which, when tested to fracture:

1) breaks|in the freeythreaded length or in the unthreaded shank;

and

2) meets aor 6 asrelevant

and/or

meets the minimum breaking torque, Mg, in accordance with Table 8 (only for austenitic stainless
steel fasteners M1,6 to M16 with coarse pitch thread).

The tests that can be performed for fasteners with full loadability are specified in Table 9 in relation to
stainless steel grade and fastener dimensions.
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Table 9 — Applicability of tests for fasteners with full loadability

Property and related test method
o .
Stainless Minimum tensile Stress at 0’? % Elongation Minimum
non-proportional after . Hardness
steel grade strength . breaking torque
elongation fracture
R Ry A Mg
Tensile test ngge Tensile test Tensile test Torsional test Hardness
tensile test test
For all lengths
when d < 3 mm;
only for lengths
[ < 2,5dwhen
d=3 mm d=3 mm d=3 mm d 2-3.mm
A1l AZ A3 | 554 | Notrelevant I>2,5d I>2,5d Not
A4| A5 A8 b>2d b>2d b>2d b=>1d + 2P applicable
No value available
for property class
100 or for fine
pitch thread
d=3 mm d=3 mm d=3 mm dz3'mm
C1] C3 C4 [>2,5d [>2,5d 1=2,5d 1>72,5d No value available || Applicable
b=2d b=2d b=2d b=2d
d=3 mm d=3 mm d=3 mm
F1 1>2,5d Not relevant 1>2,5d 1>2,5d No value available || Applicable
b=2d b=2d b=2d
2 D4 d=3mm d =z 3mm d=3mm Not
6 D8 [=2,5d Not relevant =2,5d [=2,5d No value available aoplicable
b>2d b>2d b>2d PP
Notes ab b,c ab ab c _
a For fully threaded studs, total length (= 3,5d.
b Forl<2,5d (orl, < 3,5d for fully threaded studs), testing and test conditions shall be agreed between the gurchaser and
the rhanufacturer.
¢ PDnly for bolts and screws (nat for studs).

8.2.2

A stginless steel bpltor screw with reduced loadability or a stainless steel stud with reduced
is a finished fasterier, standardized or non-standardized, with properties in accordance with
grade and property class as specified in Tables 1 to 3 but which, due to its geometry, does 1
tensjle oritorsional requirements when tested to fracture.

Basigally, there are two geometrical reasons for reduced loadability of fasteners compar

Fasteners which' have reduced loadability due to their geometry

loadability
itsrelevant
ot fulfil the

cd with the

ultimate tensile load of the thread:

a) the head design of bolts and screws with:

— low head with or without external driving feature, or

— low round head or low cylindrical head with internal driving feature, or

— countersunk head with internal driving feature;

b) the shank diameter of the fasteners which is especially designed for applications where full
loadability in accordance with this document is not required or even not desired, e.g. screws with
waisted shank.

© IS0 2020 - All rights reserved
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For stainless steel fasteners with reduced loadability, the material shall be in accordance with Table 1
and the manufacturing process shall be suitable to achieve the mechanical properties specified in
Table 2 or 3, even if the fastener can only be tensile tested in its threaded shank; see Table 10.

The tests that can be performed for fasteners with reduced loadability are specified in Table 10 in
relation to stainless steel grade and fastener dimensions. Wedge tensile test and torsional test are not
applicable.

Table 10 — Applicability of tests for fasteners with reduced loadability

Property and related test method
- o
Stainless gteel Mmm}um Stress at 0’? % Elongation Minimum
tensile non-proportional . Hardness
grade| strength elongation after fracture | tensile load
Rmf Rpf A me
Tensile test Tensile test Tensile test Tensile test Hardness tegt
A1 A2 A3 .
A4 A5 M8 Not applicable
Cl C3 (4 Applicable
d = 3 mm for all lengths, when b 2 3d 2 d 2 hm for pp -
F1 all lengths Applicable
D2 D4 .
D6 D8 Not applicable
a2 Anomingl thread length of at least 3d is necessary to carry out the tensile test in accordance with Figure 2 d), i.e. [Ld of
free threaded length and additional 1d of engaged threads at both ends.

8.3 Manlfacturer’s inspection

Fasteners produced in accordance with this documient shall be capable of conforming to all applidable
requirements specified in Clauses 6 and 7, when'using the applicable tests specified in Clause 8 and the
test methods specified in Clause 9.

This document does not mandate which of the tests the manufacturer shall perform on pach
manufactuyling lot. It is the responsibility of the manufacturer to apply the suitable methods of their
choice, sucHf as in-process control dr final inspection, to ensure that the manufactured lot does infleed
conform to pll of the specified reéquirements. For additional information, see ISO 16426.

In case of dispute, the test methods in accordance with Clauses 8 and 9 shall apply.

8.4 Supplier’s inspection

The suppligr may.control and/or test the fasteners they provide using the methods of their choice

(periodic eyalnation of the manufacturer, checking of test results from the manufacturer, tests on the
fasteners themselves, etc.), provided the chemical, mechanical and physical properties specifigd in

Clauses 6 and 7 are met.

In case of dispute, the test methods in accordance with Clauses 8 and 9 shall apply.

8.5 Purchaser’s inspection

The purchaser may control and/or test the delivered fasteners by using the test methods specified in
Clause 9.

In case of dispute, the test methods in accordance with Clauses 8 and 9 shall apply.
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8.6 Delivery of test results

If the purchaser requires test results from the supplier, the type of test report shall be agreed upon at
the time of order. It shall be established in accordance with ISO 16228, unless otherwise specified. The
type of test report (F2.2, F3.1 or F3.2) and any additional or specific test shall also be specified by the
purchaser and agreed upon at the time of order.

9 Test methods

9.1 Tensile test for fasteners

9.1.1 General
The purpose of this tensile test is to determine simultaneously or separately:
— the tensile strength, R, and

— the stress at 0,2 % non-proportional elongation, R ¢ and

pP
— the elongation after fracture, A.

This|tensile test applies to full-size fasteners having the following specifications:
— pll stainless steel grades;

— pll property classes;

— Bmm<d<39mm;

— Dolts, screws and studs (with unthreaded-shank) with full loadability, nominal length | = 2,5d and
thread length b = 2d;

— hnthreaded shank diameter d, >,dyo1 d, = d,;
— fully threaded studs with total length = 3,5d.

This|tensile test applies also-te-bolts and screws with reduced loadability due to head design provided
thatfthe thread length b 2-3d:

The [tensile test machine’shall be in accordance with ISO 7500-1, class 1 or better. Side thrust on the
fast¢ner shall be ayoided, e.g. by self-aligning grips.

The grips and ddaptors shall be as follows:

— hardnéss of 45 HRC minimum;

— hole diameter, d,,, in accordance with Table 12;

— thread tolerance class 5H6G for the threaded adaptors.

The testing device shall be sufficiently rigid to avoid deformation that could influence the determination
of the load at 0,2 % non-proportional elongation, pr, or the elongation after fracture, A.

All length measurements shall be made with an accuracy of 0,05 mm or better.
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a) Bolts b) Screws

N7\ N7\
’ % T
=0y o*
2 | = P <
1 2
L i
—+ | N
c) [Studs with unthreaded shank d) Fully threaded studs

1  metal-end of the stud

2 nut-end|of the stud

dy, hole diameter

ly, free thrgaded length > 1d
L, clamping length

Figure 2= Example of testing devices for tensile test

Fasteners shall be tested-as received.

For fasteneys with rediiced loadability, this test shall be carried out on the threaded shank when b & 34,
as shown fgr fullysthreaded studs in Figure 2 d). The head or the reduced shank may be removed as
relevant.

The fastenu” nl«nll kn ot }".t"d inte adf\v\{-nv‘n ac chaov A-HA-E e uEe ’) T]nn lnnn+h n{:f—]nvnf\r] epeasemeaent in

TP tOT S T JTToY =T Trircot CIrS TS I

the threaded adaptor(s) shall be 1d + 1P. The free threaded length, I;;,, subjected to the load shall be 1d
minimum.

The tensile test shall be carried out in accordance with ISO 6892-1. The speed of testing, as determined
with a free-running cross-head, shall not exceed 10 mm/min up to the load F;rand 25 mm/min beyond.

9.1.2 Test procedure for the simultaneous determination of R, R ;, and A

pfr

The load, F, shall be measured continuously until fracture occurs, either directly by means of an
adequate electronic device (e.g. microprocessor), or on the curve of load against displacement (see
ISO 6892-1); the curve can be plotted either automatically or graphically.
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For acceptable accurate graphical measurement, the scale of the curve shall be such that the slope in
the elastic range (straight part of the curve) lies between 30° and 45° against the load axis.

FA
T
For 1 -/ e
II/ M
’I/ \\
7 /\
[V /
// ’/
7 II //
0,2 % L, AL
A

Key
AL fisplacement, mm
F oad, N

a Point of fracture.

Figure 3 — Load-displacement curve

The following shall be determined in accordanee with Figure 3:

a) [he maximum load, F

b) [he load at 0,2 % of non-propottional elongation, F;, directly on the load-displacemept curve, as
follows:

1) the slope in the elastic.range (straight part of the curve) shall be determined;
P) a parallel line shallbe drawn at a distance equal to 0,2 % of L, on the displacement|axis AL;
B) the interseetion between this line and the curve corresponds to the load Fy;.

n case of dolibt, the slope in the elastic range shall be determined by drawing a line Intersecting
the two.points of the curve and corresponding to 0,3 Fy¢ i and 0,6 F¢ o specified in Table 5 or 7.

c) [Che¢elongation, 4, as follows:

Hal 13 L 1 3 L 1 H L il £ 1 Dol
a pararrcT IIc to—the STOPTTTIT the—erastie TaIrgc Lotl alsut lqut of—the—ett \A%7 ] oual be draWn

1A
I
through the point of fracture, which has an intersecting point with the displacement axis;

2) the elongation A shall be directly determined on the displacement axis AL in accordance with
Figure 3.

9.1.3 Reference test procedure for the determination of stress at 0,2 % non-proportional

elongation, Rpf

The test shall be carried out by measuring the load and elongation of the fastener when subjected to
axial tensile load; see Figure 4. When this test is also used for the determination of elongation after
fracture A (see 9.1.7), it shall be performed until fracture occurs. The speed of testing, as determined
with a free-running cross-head, shall not exceed 10 mm/min up to the load F;yand 25 mm/min beyond.
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STl
k

b4

AN
AN
dx 1P

i
\

Figure 4 — Example of testing devicewith an extensometer

The elongatiion shall be determined between the top ef the head and the end of the fastener or betyween
the two ends for studs; see L, in Figure 4. When an'extensometer is used, it shall be in accordance with
ISO 9513, clpss 2 or better.

The curve df load against elongation shall be.drawn as shown in Figure 5.

A
F

pf

Key
AL elongation, mm
F load, N

Figure 5 — Load-elongation curve for determination of stress at 0,2 % non-proportional

elongation, Rpf
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The clamping length, L,, shall be calculated as follows:

adaptor; see Figures 2 a) and b);

Figure 2 c);

valup shall be plotted horlzontally from the stralght-lme portion of the curve as QR AN
drawn through P and R. The intersection S of this line with the load-elongation curve.cor
the lpad F,¢ on the vertical axis.

9.1.4 Alternative test procedure for the determination of elongation, A

The fotal length of the fastener, L, shall be measured; see Figure 6 a). Thefastener shall be
the gdaptors in accordance with Figure 2. It shall be axially loaded until ffacture occurs. T|
testing, as determined with a free-running cross-head, shall not exceed 10 mm/min up to
and P5 mm/min beyond.

Afte

shown in Figure 6 b).

b) After fracture

1:2020(E)

for bolts and screws, it is the distance between the bearing surface of the head and the threaded

for studs with unthreaded shank, it is the distance between the two threaded adaptors; see

for fully threaded studs and for fasteners with reduced loadability, it is the distance between the
two threaded adaptors; see Figure 2 d).

P. The same
ne shall be
responds to

mounted in
he speed of
the load F¢

I fracture, the two broken pieces shall be fitted togetheryand the length, L;, shall be measured as

Figure 6 — Determination of elongation after fracture, A

The elongation after fracture, 4, shall be calculated as follows:

A=L1_L0
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9.1.5 Testresults and requirements for tensile strength, R,

The tensile strength R, based on the nominal stress area Ay, and the ultimate tensile load F¢

measured during the test, shall be calculated as follows:

R — mf
mf
As,nom
with
2
— U ( d2 +d’2 \
As,nom Z 2
where

d, is the basic pitch diameter of external thread; see ISO 724;

d; is the minor diameter of external thread.

H
d,=d, | —
3 1 6

d; bagic minor diameter of external thread; see ISO 724;
H height of the fundamental triangle of the thread; see’1SO 68-1.
Values of AJ,,,m, given in Tables 4 and 6 have been rounded to 3 significant digits.

In order to| meet the requirements, the fracture'shall occur in the free threaded length or in the
unthreaded shank. The fracture shall not occurinthe head:

— for boltis with unthreaded shank, the fracture shall not occur in the transition section between the
head and the shank;

— for scrg¢ws threaded to the hedd,the fracture which causes failure may extend or spread int¢ the
transition section between the head and the thread or into the head before separation, proviided
that it griginates in the fréethreaded length.

R ¢ shall mpet the requixements specified in Table 2 or 3. The minimum ultimate tensile load F |
specified in| Table 4 or®.Shall also be met.

M, min

9.1.6 Teslt results and requirements for stress at 0,2 % non-proportional elongation, Ry¢

The stress §t-0)2 % non-proportional elongation, R, based on the nominal stress area 4. ,,, and the
load at 0,2 % F,¢ measured during the test, shall be calculated as follows:

Ro—_lof
Pt 4

s,nom

Values of Ag ,,,, given in Tables 5 and 7 have been rounded to 3 significant digits.

R, shall meet the requirements specified in Table 2 or 3. The minimum loads, F,

bb specified in Table 5 or
7 shall also be met.

In case of dispute, the reference test method of 9.1.3 performed with the extensometer shall apply for
the determination of the stress at 0,2 % non-proportional elongation, Ry.
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9.1.7 Testresults and requirements for elongation after fracture, A

The value for elongation after fracture, 4, shall meet the requirements specified in Table 2 or 3.

In case of dispute, the reference test method in accordance with 9.1.3 with the extensometer shall apply
for the determination of the elongation after fracture, A.

9.2 Tensile test for bolts and screws with reduced loadability due to head design

9.2.1 General

redyced loadability, i.e. not expected to break in the threaded or unthreaded shank due te h

The‘furpose of this tensile test is to determine the ultimate tensile load, F,, for bolts andhs
see $.2.2 and Figure 7.

Only
elon
and

In ad
in tH
the s

For
the 1

prog
9.2.]

See

9.2.]

The
load

supq

Figure 7 — Example of broken screw with reduceddoadability due to head des

the ultimate tensile load, F;, shall be determined<in accordance with 9.1. Tensile st
bation after fracture, 4, and stress at 0,2 % non-ptoportional elongation, R, do not af

r
screws with reduced loadability due to head design. b

cordance with 10.1.3, these bolts and screws-“with reduced loadability that cannot be t¢
e threaded shank (b < 3d) in accordance with 9.1 shall not reference the property cla
tainless steel grade.

bolts and screws with thread length b = 3d, the tensile test shall additionally be pe]
hreaded shank in accordance with 9.1, and in this case, they are designated and mark
erty class preceded by the digit “zero” to show the reduced loadability, in accordance w

. Test procedure

p.1.2.

b Test results and requirements for ultimate tensile load, F,

maximunt load measured during the test shall be equal or above the minimum ultir
F¢ specified in the relevant product standard, or shall be agreed between the purch3
liex at the time of the order.

crews with
ead design;

ign

rength R,
ply to bolts

nsile tested
ss, but only

rformed on
ed with the
rith 10.1.3.

nate tensile
ser and the

9.3

Tensile test for fasteners with reduced loadability due to shank design

9.3.1 General

The purpose of this tensile test is to determine the tensile strength for bolts, screws and studs with an
unthreaded shank diameter d < d, especially designed to break in the unthreaded shank when tested
to fracture; see 8.2.2 and Figure 8.

© IS0 2020 - All rights reserved

23


https://standardsiso.com/api/?name=ac4808d491981af8c7358c6bd5856ee1

ISO 3506-1:2020(E)

Cri——r——1-3} EF—r—1-}

Figure 8 — Examples of fasteners with reduced loadability due to shank design

Only the tensile strength shall be determined in accordance with 9.1. Elongation after fracture, 4, stress
at 0,2 % non-proportional elongation, R and minimum ultimate tensile loads of Tables 4 and 6 do not
apply to fas i ili i

NOTE These fasteners are designated and marked in accordance with 10.1.3, with the propérity [class
preceded by [the digit “zero” to show the reduced loadability.

9.3.2 Test procedure

See 9.1.2.

9.3.3 Testresults for tensile strength

The calculafion of the tensile strength, R 4., based on the cross-sectionalarea of the unthreaded shank,
A4 and thefultimate tensile load, F, 4, measured during the test, shalh\be calculated as follows:

F
R — mds
mds
Ads
with
L )
Ads - st

The fracture shall occur in the shank, and R}, shall meet the requirements specified in Table 2|or 3
for R .

9.4 Wedge tensile test

9.4.1 General

The purposk of this tensiletest is to determine simultaneously:

— the tengile strength, R, and

mf?

— the intggrity'of the transition section between the head and the unthreaded shank or the thread.

This tensiletestapphesontful=stzebottsand-screwsraving the-followingspecifications:
— martensitic stainless steel grades;

— all property classes;

— bolts and screws (not studs) with full loadability;

— flat bearing surface or flat serrated surface under the head;

— 3mm<d <39 mm;

— nominal length [ = 2,5d and thread length b = 2d.
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The tensile testing machine, grips and adaptors shall as specified in 9.1.1, except for the following:
— tooling features altering the effect of the wedge angle a shall not be used;

— the testing device shall be sufficiently rigid to ensure that bending occurs in the transition section
between the head and the unthreaded shank or the thread.

The wedge shall be in accordance with Figure 9, Tables 11 and 12.
2d/2

d—»
j\

a  Radius or chamfer of 45° (see Table 12).

Figure 9 — Wedge loadingfor bolts and screws

Table 11 — Wedge angle o for tensile test under wedge loading

Screws threaded to the head
Nominal thread Bolts:and screws
diameter with unthreaded shank length . Bolts and screws$
d 1.>2d with unthreaded shank length
mm i I,<2d
a * 30’
3<sds20 10° 6°
20<d<39 6° 4°

Whdre a bolt or screwwith head bearing diameter greater than 1,7d fails the wedge tensilg test, a new
fastgner from th€ same manufacturing lot can be taken and its head machined to 1,7d to perfqrm the test.
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Table 12 — Hole diameters for adaptors and wedge, and wedge radius or chamfer

Dimensions in millimetres
Nominal dy, b ry¢ Nominal d, b ry¢
thread i thread )
diameter, d min. max. nom. diameter, d min. max. nom.
3 3,4 3,58 0,7 16 17,5 17,77 1,3
3,5 39 4,08 0,7 18 20,0 20,33 1,3
4 4,5 4,68 0,7 20 22,0 22,33 1,6
5 5,5 5,68 0,7 22 24,0 24,33 1,6
6 6,6 6,82 0,7 24 26,0 26,33 16
7 7,6 7,82 0,8 27 30,0 30,33 1,6
8 9,0 9,22 0,8 30 33,0 33,39 1,6
10 11,0 11,27 0,8 33 36,0 36,39 1,6
12 13,5 13,77 0,8 36 39,0 39,39 1,6
14 15,5 15,77 1,3 39 42,0 42,39 1,6
a2 Medium peries in accordance with 1SO 273.
b For squafe neck bolts, the hole shall be adapted to accommodate the square neck.
¢ The radiyis or chamfer ry is specified for product grades A and B; for product grade C, it should be in accordance with
the followinglformula: r_= ks . MM 10,2 The tolerance on ry and r, should be £0,1 mm.

9.4.2 Test procedure

The fasteng

The wedge
shall be mo
be 1d + 1P.

The tensile
testing, as
shall be co

The ultim

r shall be tested as received.

chall be placed under the head of the fastener in accordance with Figure 9, and the fast]
inted into adaptors as shown in Figure 2. The threaded length mated with the adapter

test under wedge loading shall be carried out in accordance with ISO 6892-1. The spe¢
letermined with a free-running cross-head, shall not exceed 25 mm/min. The tensile]
inued until fracture odcurs.

ar]Z tensile load, F,,,;, $hall be measured.

9.4.3 Tesft results andrequirements

For testres

9.5 Torsi

1lts and fequirements, see 9.1.5.

onal test

ener
shall

bd of
test

9.5.1 General

The purpose of this torsional test is to determine the breaking torque, Mg, for small bolts and screws, or
for bolts and screws which cannot be tensile tested due to too short length.

This test ap

plies to fasteners having the following specifications:

bolts and screws with full loadability;

3mm <d <16 mm for length I < 2,5d,;

26

thread length b = 1d + 2P.

bolts and screws with nominal thread diameter 1,6 mm < d < 3 mm for all lengths, and
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Minimum breaking torques are specified in Table 8 only for bolts and screws with austenitic stainless
steel grade and property classes 50, 70 and 80, with coarse pitch thread. Fasteners with austenitic
stainless steel grade and property class 100, other stainless steel grades and fasteners with fine pitch
thread can be tested but the minimum breaking torque has to be agreed between the supplier and the
purchaser at the time of the order.

For test apparatus, see Figure 10.

-5\

Key
Clamping device (threaded insert or threaded die)
mating threaded insert with a blind hole

mating split threaded die

Figure 10 — Example pf\teést apparatus for the determination of the breaking torque, My

The forque measuring.dévice shall have an accuracy of £6 % of the values to be measured.

9.5.2 Test procedure

The [fastener shall be tested as received. For bolts and screws with recess or internal drive which are
too weaksfor the application of the specified minimum breaking torque, the outside diarheter of the
head may. be machined in order to get a drivable shape (e.g. two across flat surfaces).

The bolt or screw shall be clamped into the clamping device over a threaded length of 1d minimum,
exclusive of the end or point. At least two full threads shall project above the clamping device.

The clamping device and driving tool shall be aligned with the axis of the fastener.
The torque shall be applied to the bolt or screw in a continuously increasing manner until fracture occurs.

The maximum torque occurring during the test shall be recorded.
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9.5.3 Testresults and requirements

The fastene

NOTE

r shall meet the minimum breaking torque, Mg, specified in Table 8.

with fine pitch thread, property class 100 and fasteners with reduced loadability due to shank design.

No value is specified in Table 8 for stainless steel groups other than austenitic steels, nor for fasteners

For bolts, and screws which can be tensile tested, the tensile test in accordance with 9.1 shall be the
reference test.

9.6 Hardness test

9.6.1 General

This test a
marten

all proq

any sha

9.6.2 Test procedure

The fasteng

The hardng
ISO 6506-1
Brinell hara

The hardne
section sha

not altered,
NOTE T

Hardness r
accordance

all sizes;

lies to fasteners having the following specifications:
sitic and ferritic stainless steel grades;

erty classes;

’

pe.

r shall be tested as received.

ss test shall be carried out in accordance with ISO 6507-1 (HV), ISO 6508-1 (HR(
(HBW). The Vickers hardness test shall be‘performed with a minimum load of 98 N,
ness test shall be performed with a load-equal to 30D?, expressed in newtons.

5s shall be determined on a transversesection through the threaded portion. The transy
| be taken 1d back from the end-of‘the fastener with a suitable process where hardne
and the surface shall be suitablyprepared.

he term “core hardness” is commonly used for hardness determined by this test method.

badings shall be performed in the area between the axis and the half-radius positid
with Figure 11.

Key
1
2

axis of the fastener
half-radius area (radius of 0,25d)

Figure 11 — Half-radius area for hardness determination

) or
The

erse
SS is

n in

Three readings spaced about 120° apart shall be performed when the size of the area allows it. The
hardness value shall be the average of the three readings.

9.6.3 Testresults and requirements

The hardne

28

ss value shall be within the limits specified in Table 3.
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