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a Values do not apply for structural bolting.
b For structural bolting d ≥ M12.
c Nominal values are soecified only for the purpose of the designation system for property classes. See Clause 5.
d In cases where the lower yield strength ReL cannot be determined, it is permissible to measure the stress at 0,2 % non-proportional elongation Rp0.2.
e For the property classes 4.8, 5.8 and 6.8 the values for Rpf min are under investigation. The present values are given for calculation of the proof stress 

ration only. They are not test values. 
f Proof loads are specified in Tables 5 and 7.
g Hardness determined at the end of a fastener shall be 250 HV, 238 HB or 99,5 HRB maximum.
h Surface hardness shall not be more than 30 Vickers points above the measured core hardness of the fastener when determination of both surface 

hardness and core hardness are carried out with HV 0,3. 
i Any increase in hardness at the surface which indicates that the surface hardness exceeds 390 HV is not acceptable.
j Any increase in hardness at the surface which indicates that the surface hardness exceeds 435 HV is not acceptable.
k Values are determined at a test temperature of -20 OC, see 9.14.
l Applies to d ≥ 16 mm.
m Value for KV is under investigation.
n Instead of ISO 6157-1, ISO 6157-3 may apply by agreement between the manufacturer and the purchaser.

No.

1 Tensile strength, Rm, MPa

Stress at 0,2 % non-
proportional elongation,
Rp0,2, MPa

Lower yield strength, ReL
d, MPa

Stress at 0,0048 d non-proportional
elongation for full-size fasteners,Rpf, MPa

Stress under proof load, p
f, MPa

Proof strength ratio

Percentage elongation after fracture for
machined test pieces, A% 

Percentage reduction of area after
fracture for machined test pieces, Z% 

Elongation after fracture for full-size
fasteners, A f, %
(see also Annex C) 

Head soundness

Vickers hardness, HV

Brinell hardness, HBW

Rockwell hardness, HRB

Rockwell hardness, HRC

Surface hardness, HV 0,3

Height of non-decarburized thread zone,
E, mm

Depth of complete decarburization in the
thread, G, mm 

Reduction of hardness after retempering, HV

Breaking torque, M B, N.m

Impact strength, K V 
k, l, J

Surface integrity in accordance with

F ≥ 98 N

F = 30D 2

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Mechanical or physical property
4.6

400nom. c

d ≤
16

mm a

d >
16

mm b

d ≤
16
mm

min.

min.

min.

min.

min.

min.

min.

min.

min.

min.

min.

min.

min.

min.

max.

max.

max.

max.

max.

max.

max.

nom.

nom. c

nom. c

nom. c

400 420

320

310225

0,94 0,91

0,24 0,22

No fracture

0,20

0,93 0,90 0,92 0,91 0,91 0,90 0,88 0,88

89101212

52 48 48 44

2022

120 130 155 160 190 250

250 320 335

255 290

360

320

380

385

435

366

414

304

361

276242

318304

238181152124114

67 71

27 27 27

ISO 6157-1 n

in accordance with ISO 898-7

ISO
6157-3

27

20

0,015

22 23 28 32

32 34 37

39

4439

h, ih

1/2 H1
2/3 H1

3/4 H1

h, j

27 m

79 82 89

99,5

147

238 342

380 440 580 600

660

640 720 900

940720

640

640

650 830 970

400 480

340e 420e

220 g

209 g

95,0 g

480e

500

300

300

280

500

520 600

600

800

800

830 900

900 1000

1040

1200

1220

1080

1100

240

240

5.64.8 5.8 6.8

Property class

8.8 9.8 10.9 12.9/
12.9

Sp,nom/ReL min or
Sp,nom/Rp0,2 min or
Sp,nom/Rpf min

S

2. Mechanical and Physical Properties of Steel Bolts, Screws and Studs in accordance with ISO898-1:2009 is given below:
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Heat treatment is the thermal change of the metallographic
structure of steel by heating and cooling within a certain time to
obtain the required properties.

The most common heat treatments in manufacturing fasteners are:

1. Annealing
The steel is held at a temperature of just below 721oC for
several hours and is then cooled down slowly to make it
soft.

The structure changes from hard, lamellar perlite into soft,
globular perlite resulting in an optimal condition of the raw
material for cold heading.

2. Normalizing (Recrystallization)
By heating at 800 – 920oC for not too long time and then
cooling slowly, a coarse and thus brittle grain structure due
to, for instance, hot rolling or hot forging, especially of
thicker pieces, is brought back again in the original fine
grain structure. Through this refining, yield point and
impact strength are increased without the tensile strength
being reduced too much.

3. Stress-relieving
By cold deformation internal stresses are induced in the
material, increasing the tensile strength but decreasing the
elongation.

By heating at between 500 and 600oC for a long time and
cooling slowly, most of the cold hardening effect disap-
pears. This heat treatment is applied to cold headed bolts
and screws of property classes 4.6 and 5.6.

4. Hardening 
When steel with minimum C-content of about 0.3% is
heated at a temperature above 800oC (depending on the
type of steel) and is quenched in water, oil, air or in a salt
bath, the very hard but brittle martensite structure is
formed.

The achieved hardness depends on the C% (the higher the
carbon, the harder the steel) and the percentage of marten-
site, which, at a certain critical cooling speed, is formed in
the core of the material.

So with thinner bolts from unalloyed carbon steel the criti-
cal cooling speed will be reached to the core. However
with thicker sizes the heat from the core cannot be trans-
mitted to the outside quickly enough and it will be neces-
sary to add alloying elements like boron, manganese,
chromium, nickel and molybdenum, which support the
through-hardening i.e. decrease the critical cooling speed.

In general, when a type of steel with such a through-hard-
ening is chosen, about 90% martensite is present in the
core after quenching. The choice of cooling medium also

influences the cooling speed. Bolts are mainly quenched in
oil, because water, which is otherwise more effective, caus-
es too much risk of hardening cracks and warpage.

5. Tempering
With increasing hardness, however, the hardening stresses
will rise, and therefore the brittleness of the material will
also increase. Mostly a second heat treatment, called tem-
pering, must follow as quickly as possible after quenching.
For temperatures of up to 200oC only the brittleness will
decrease a little; the hardness will barely decrease. Above
200oC the stresses decrease, the hardness diminishes and
the toughness is improved.

6. Quenching and tempering
This is a combined heat treatment of quenching with high-
tempering, at between 340oC and 650oC immediately fol-
lowing. This is the most important and most commonly
practised heat treatment for fasteners. An optimal compro-
mise is reached between a rather high tensile strength, par-
ticularly a high yield/tensile strength ratio and sufficient
toughness, which is necessary for a fastener carrying all
kind of external forces to function effectively. The higher
property classes 8.8, 10.9 and 12.9 are, therefore,
quenched and tempered.

7. Decarburizing
By heat treating carbon and alloy steels the danger exists
that carbon from the outside of the product is removed by
the surrounding atmosphere.

The skin then gets a carbon content that is too low; it is not
hardenable and will stay soft.

This means that the screw thread under loading could be
slid off. To prevent this, the quenching and tempering of
fasteners is always done when the furnace is supplied with
a protective gas, which keeps the carbon percentage at the
level of the steel type.

8. Case carburizing
This heat treatment is the opposite of decarburizing and is
carried out in a carbon emitting gas. On the outside of the
product a thin layer with an increased carbon content is
built up, through which the skin, after hardening, becomes
hard and wear resistant, while the core remains tough. This
treatment is applied on fasteners such as tapping screws,
thread rolling, thread cutting and self drilling screws and
chip board screws. Similar heat treatments are carbonitrid-
ing, using carbon and nitrogen, and nitriding, only using
nitrogen as an emitting gas.

9. Induction hardening
For special applications a hard, wear resistant layer is
formed without the supply of a gas in a high frequency coil
with no contact of the work piece. Mostly only local hard-
ening is executed for the extra protection of weak spots.

Heat treatments

Technical Information



69

JAM
The Professional StandardTechnical Information

Relation between iron-carbon diagram, heat treatment types of steel and mechanical properties
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1. These technical conditions are in particular related to
threaded fasteners (mainly bolts and nuts), but are also
applicable to the whole range of mechanical fasteners. An
electrolytically applied coating shall be defined as a protec-
tive metallic layer being deposited onto the surface of metal
articles by immersing these parts in an aqueous solution
through which an electrical current is passed.
Note: The use of the nomenclature “galvanizing” for this

treatment is not correct.

2. Local Thickness Measuring Point 
Because of the variations in layer thickness on electroplated
surfaces on mechanical fasteners, the local layer thickness is
measured at a given spot considered significant for the pur-
pose of assessing the protection against corrosion as is indi-
cated in the following examples:

3. Hydrogen Embrittlement
Due to the risk of hydrogen-induced delayed brittle fracture
bolts and screws with a tensile strength Rm ≥ 1000N/mm2 or
a hardness ≥ 300 HV (F ≥ 98N) have to be baked on 200 ±
10oC as soon as possible but within 4 hours after the coat-
ing process.

This is also mandatory for resilient (springy) fasteners with a
hardness ≥ 400 HV (F ≥ 98N).

Hot Dip Galvanizing
1. These technical conditions are in particular related to

threaded fasteners (mainly bolts and nuts) with M6 up to
and including M36 coarse thread and property classes up to
and including 10.9 for bolts and 10 for nuts.
The minimum coating thicknesses also apply to other acces-
sories such as washers. Hot dip galvanizing shall be defined
as a protective zinc layer deposited onto the surface of
metal articles by immersing these parts in liquid zinc.

2. Layer Thickness
The minimum coating thickness can refer to the following table
for reference (ISO 1461:2009):

Note: This table is for general use; fastener coating standards and

individual product standards may have different requirements.

The measuring point is a given spot considered significant
for the purpose of accessing the protection against corrosion
as is indicated in the following examples:

The thread is tapped in the nut after hot dip galvanizing. The bolt

thread shall not be recut after galvanizing.

3. Screw Thread Tolerances
To ensure that the bolt/nut assembly continues to function
properly after hot dip galvanizing without impairing the
thread, one of the following methods shall be used:

- Standard bolts are hot dip galvanized and become “over-
size” thread. These bolts have to be combined with nuts,
which have been tapped “oversize” (about 0.3mm larger)
after galvanizing. They do not meet the usual thread fit.
These bolts and nuts have to be used as a set. This combi-
nation is usually applied and is recommended.

Electroplated Coatings

Technical Information
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- The bolts have to be prepared thinner. Because the thread
profile shall not at any point transgress the zero line it
means that the bolts after galvanizing have to meet the go-
gauge with tolerance position h.

These “ISO metric mating” hot dip galvanized bolts have to
be combined with nuts, which have been normally tapped
after galvanizing and so have to meet the go-gauge with tol-
erance position H. This method satisfies the usual thread fit
and can be used with nuts or in tapped holes with standard
ISO metric thread.

4. Hydrogen Embrittlement
Hot dip galvanizing itself does not cause hydrogen embrit-
tlement.

Pre-treatments like pickling have to be processed profes-
sionally, because careless treatment may induce hydrogen
embrittlement. 

5. After-treatment
When in high strength joints a better torque/tension rela-
tionship is required, it is necessary to provide the bolt or
nut with an adequate lubricant e.g. molybdenum disulfide
MoS2.  

6. Color
The color of the zinc coating may vary from bright to gray-
ish, depending on different circumstances.

The color however is not an indication of the quality of pro-
tection against corrosion and cannot be an argument for
rejection, although as bright and glossy an appearance as
possible has to be aimed at.

7. Loadability
Generally it can be stated that the mechanical properties of
the bolts and nuts in accordance with BS3692:2001.

However, taking in account the reduced overlap of the bolt
and nut threads, the loadability of the bolt/nut combination
is reduced by about 5% for the largest size M36 and gradu-
ally increases to 20% for the smallest size M6. Due to the
fundamental deviations of the thread tolerances the screw
thread of the bolt is allowed to strip off at the minimum ulti-
mate tensile load.

8. Corrosion Protection
Because zinc is a lesser noble metal than iron (steel), the
zinc will corrode first, protecting the steel against rusting
until all zinc has dissolved.

A good example of this phenomenon occurs with the screw
thread of hot dip galvanized nuts, which are tapped after
galvanizing. The zinc layer on the bolt thread completely
takes over the protection of the uncoated nut thread. The
hot dipped galvanized zinc layer consists, besides a thick
outer layer of pure zinc (the solidification-layer), of 3 alloy

layers, of which the iron percentage decreases to the out-
side. The corrosion resistance of these layers is equal to or
better than that of pure zinc, while the resistance against
wearing is much higher.
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1. ISO 3506 specifications apply to fasteners (primarily bolts,
screws and nuts) made from austenitic grades of corrosion-
resistant stainless steels with sizes from 1.6 up to and includ-
ing 39mm, metric (ISO) thread and also to nuts with widths
across flats or outside diameters ≥ 1.45 d and an effective
thread engagement of at least 0.6 d.

This International Standard does not define corrosion or oxi-
dation resistance in particular environments. It does specify
grades for fasteners made from corrosion-resistant stainless
steels. Some have mechanical properties allowing use at tem-
peratures down to -200oC or up to +800 oC in air. Acceptable
corrosion and oxidation performances and use at elevated or
sub-zero temperatures must be subject of agreement between
user and manufacturer appropriate to the proposed service
environment.

2. Choice of Material
“STAINLESS” steel contains a great number of variants, all
with at least 12% chromium (Cr) and mostly also other alloy-
ing elements, nickel (Ni) and molybdenum (Mo) being the
most important. This extensive field has been divided for fas-
teners into 3 MATERIAL GROUPS based on their metallurgi-
cal structure:

austenitic (A) martensitic (C) ferritic (F)   

The martensitic and ferritic groups are hardly of any importance

to commercial fasteners. They are not available from stock and
are only manufactured on order in great quantities.

The austenitic material group (also called chromium-nickel
steels) is the most used for fasteners and is further subdivided
into 3 steel grades, each with a different resistance to corrosion
and a specific field of application.

A1  = a free-cutting quality, having a superior machinability
due to a higher phosphorus and sulphur percentage. As a con-
sequence, however, the general corrosion resistance is
decreased. This “automatic lathe” stainless steel is seldom used
for mass production fasteners.

A2  = the most current steel grade – also called 18/8 (18%
Cr, 8% Ni) – with outstanding corrosion resistance under nor-
mal atmospheric conditions, in wet surroundings, oxidizing and
organic acids, many alkalic and salt solutions.

A4  = the most corrosion resistant steel grade – also called
“acid proof” – with an increased nickel percentage and addition
of molybdenum. Better resistance to aggressive media such as
sea climate (chlorides), industrial atmosphere (sulphur dioxide),
oxidizing acids and there where pitting may occur.

Unless otherwise specified fasteners from austenitic stainless
steel shall be clean and bright. For maximum corrosion resist-
ance passivation is recommended.

3. Chemical Composition
Below is the table of chemical composition for different stainless steel grades in accordance with ISO 3506-1:2009.

Stainless Steel Material Properties

Technical Information
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4. Performance under Different Kinds of Corrosion

4.1 Atmospheric (Chemical) Corrosion

This kind of general corrosion is caused by chemical attack

from the atmosphere or aggressive media and is mostly defined

as the loss of surface material in µm/year. The attack passes

evenly and gradually, mostly visibly and it is checkable.

Sudden collapse does not occur, so this type of corrosion is not

dangerous.

Generally grade A2 is very satisfactory, but under more aggres-

sive conditions A4 is recommended.

4.2 Contact (Galvanic) Corrosion

When two metals in the presence of an electrolyte create a dif-

ference of electrical potential, a galvanic action occurs which

causes the lesser noble metal (anode) to corrode and to sacrifice

itself, protecting the nobler metal (cathode). The higher the dif-

ference in electrical potentials and the larger the contacting

area of the nobler metal relative to that of the lesser noble, the

more severely this contact corrosion will attack the anode.

Passive austenitic stainless steel is relatively noble, whereas fas-

teners generally have a comparatively small surface in relation

to the construction. 

Aluminium performs very well, as practice has proven, because

of the formation of an insulating layer of aluminium oxide.

Steel and cast iron have to be covered with a closed protective

layer e.g. zinc or lacquer.

Copper and brass are applicable, when the fasteners are rela-

tively small. Generally this combination can only be advised

when an adequate insulation is applied.

Dry wood will not cause problems. In socked condition pitting

corrosion may occur on the long run, however the time of

resistance is much longer than with plated steel.

Plastic performs well, although deformation of washers, for

example, may cause crevice corrosion.

Asbestos cement and concrete are permissable, given the good

experience with, for instance, stainless steel anchors in con-

crete.

For further information see the contact corrosion table in the

next page. In all cases contact corrosion cannot be avoided, the

contact areas have to be insulated with, for example, non-acid

fat, insulating lacquers or pastes, plastic bushes or washers,

insulating tape.

4.3 Intercrystalline Corrosion

Austenitic stainless steel grades A2 and A4 shall not show

chromium carbides between 400oC and 800oC causing an

attack between the material crystals at the grain boundaries.

This is achieved by the choice of the right steel type with, for

example, either a lower carbon content, or by addition of stabi-

lizing elements e.g. Titanium. For fasteners the first method is

the most used.

4.4 Pitting Corrosion

Local pore-like holes may form, growing fast and deep into the

material causing the product to be attacked suddenly and

severely. This type of corrosion appears especially in halogen

(chloride) environments e.g. sea climate and brackish water. A4

offers the best resistance to pitting due to the addition of molyb-

denum. 

4.5 Crevice Corrosion

In presence of an aqueous environment corrosion may occur in

crevices, for example, of spring washers and under sediments

or layers of paint where insufficient air (oxygen) can circulate to

restore the passivity of the stainless steel.

5. Magnetic Properties

Austenitic stainless steel fasteners are normally non-magnetic.

The right choice of steel type will limit the permeability (that is

the rate of penetration in a magnetic field) to below 1.05 G/Oe.

However after cold working some ability to be magnetized may

be evident. In this respect A4 is less sensible than A2 and A1 is

the most unfavorable.

Some special applications like for electrotechnical equipment,

and in the marine and nuclear industry, require a permeability

as close as possible to 1.0. Fasteners on stock are not suitable

for these purposes and special non-magnetizable steel types

have to be applied in agreement.
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1. Designation of Property Classes
A characteristic property of austenitic stainless steel is that -
contrary to the heat treated steels, which are used for the prop-
erty classes 8.8, 10.9 and 12.9 - this material cannot be hard-
ened and tempered, but can only be strengthened by cold-
working, increasing the mechanical properties considerably.

The 3 austenitic steel grades A1, A2 and A4 are divided into 3
property classes 50, 70 and 80 depending on the method of
manufacturing and on sizes. The number of the property class
corresponds with 1/10 of the tensile strength in N/mm2, e.g.
class 80 has a minimum tensile strength: 80 x 10 = 800 N/mm2.

50  =  the soft condition of turned and hot-pressed fasteners.
This is seldom used for current fasteners.

70  =  the most universal and applied property class for all
cold-formed fasteners. This class is the standard class and is
delivered when no other class is ordered.

80  =  the highest property class, having obtained mechanical
values by extra cold deformation to the level of the 8.8 heat-
treated steel bolts. Exchange does not require a new strength
calculation or adaptation of the construction.

Stainless Steel Mechanical Properties

Technical Information
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2. Mechanical Properties of Bolts, Screws and Studs for Different Stainless Steel Grades in accordance with ISO3506-1:2009 are

given below.

3. Mechanical Properties of Nuts for Different Stainless Steel Grades in accordance with ISO 3506-2:2009 are given below.

4. Marking:

Stainless steel hexagon head bolts and nuts, socket cap screws

of size M5 and greater and all packaging shall be marked with

the manufacturer’s identification mark and the steel grade fol-

lowed by the two digits of the property class or in the case of

turned nuts on the alternative way of groove marking, see

examples below. Marking of studs and other fasteners shall be

agreed on by user and manufacturer.
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Use of Fasteners
1. Clearance Holes for Fasteners with Screw Thread

2. Length of Projection of Bolt and Screw Ends with Metric (ISO) Screw Thread

Examples:

- hexagon and slotted (castle) nuts : v = nut height + 2P

- prevailing torque nuts : v = nut height + 3P

- nominal length L = griplength L k + projection length v.

The calculated values have to be rounded off to the next larger standardized length.

Technical Information
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3. Clamping force as a function of the applied torque are given in the table below:
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Conversion Tables

Technical Information


