Technical Information

JAM BUILDING PRODUCTS

Mechanical Properties of Steel Bolts, Screws and Studs
1.

Basic Concepts

1.1 Metals used in fastener manufacture are elastic materials
which will stretch (elongate) under applied loads and return
to their original shape when the load is removed. However,
if sufficient load is applied, the material will stretch beyond
its yield point and enter a plastic zone, losing its elasticity
and becoming permanently stretched. Further increased load
on the material will stretch it to its ultimate tensile strength at
which point the material will fracture.
1.2 The major factor in determining the load a material can
carry is its tensile strength, which is related to its hardness.
The terms used to describe the strength and load bearing
properties of a metal fastener are:

purposes = 65-70% of proof load and is the theoretical
minimum tension the recommended tightening torque
should achieve.

• Proof Load: the minimum point prior to permanent elongation and the test point for actual proof load testing.

• Yield Point: the point at which elasticity is lost and permanent elongation commences.

• Tensile Strength: the maximum load-carrying point prior
Tensile Strength – is an expression of the maximum capacity of a particular material to stretch under tension load
prior to failure.

to fracture.

Yield Stress (Yield Point) – is an expression of the theoretical point of stress (pressure) beyond which the material
loses its elasticity and becomes permanently stretched
(realistically, a range rather than a single point).
Proof Load Stress – is an expression of the minimum stress
a material must achieve, prior to permanent elongation
and, the stress which would be applied to test and remeasure a specific fastener to prove it had not permanently
stretched and that it will carry the required load. These
terms will also include a unit of area, are approximately
between 80% and 90% of the theoretical yield stress and
are expressed in the same terms. Proof load stresses also
apply to nuts and are the point at which the nut is deemed
to have failed.
2. Designation of Property Classes
Ultimate Tensile Stress – is the theoretical minimum point
at which the material will fracture. It is expressed in the
same terms as yield stress and proof load stress. These properties are used to calculate the proof load and breaking load
for each diameter of each grade or class of product.
1.3 Bolt Tensioning
The following chart pictorially demonstrates the typical tension/elongation relationship, the various zones of elongation and points of tension.
• Elastic Elongation: elongation from which the fastener
will recover when load is removed.

2.1 The property classes and their mechanical properties apply
to bolts, screws and studs, with metric (ISO) thread, with
nominal thread diameter d ≤ 39mm, made of carbon steel
or alloy steel and when tested at room temperature.

2.2 The property class symbols, indicating the most important
mechanical properties, consist of two figures, one on either
side of a dot. For example, 8.8, the first figure indicates
1/100 of the nominal tensile strength in N/mm2. (See Rm,nom
in the table of next page) So property class 8.8 has a tensile
strength of 8 x 100 = 800 N/mm2. The second figure indi-

• Plastic Elongation: elongation which is permanent and
renders the fastener non-reusable.

cates 10 times the ratio between lower yield stress ReL (or
proof stress Rp0.2) and nominal tensile strength Rm, nom (yield

• Necking Elongation: elongation past the tensile strength
of the fastener from where the diameter is reducing, the
tension is decreasing and fracture results.

stress ratio). So at property class 8.8 the second figure 8 =
10 x 800/1000. The multiplication of these two figures will
give 1/10 of the yield stress in N/mm2, so 8 x 8 = 1/10 x

• Minimum Tension: the minimum tension used for design
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640 N/mm2.
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3. Mechanical and Physical Properties of Steel Bolts, Screws and Studs in accordance with ISO898-1:1999 is given below:
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4. Marking of Bolts, Screws and Studs

- Marking of all property classes is obligatory for hexagon bolts
and screws with nominal diameters d ≥ 5mm, preferably on
top of the head.
- Studs shall be marked for property classes ≥ 8.8 and with
nominal diameter ≥ 5mm. For studs with interference fit, the
marking shall be at the nut end.
- The trade (identification) marking of the manufacturer is
mandatory on all products which are marked with property
classes.
- For other types of bolts and screws the same marking system
shall be used. For special components marking will be as
agreed between the interested parties.
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3. Mechanical Properties of Steel Nuts in accordance with
BS3692:2001 is given below:

4. Marking of Nuts

Mechanical Properties of Steel Nuts
1. The property classes and their mechanical properties mentioned below apply to nuts with metric ISO thread with
nominal thread diameters up to and including 39mm, and
heights not less than 0.8D (including the normal countersunk on the thread), made of carbon steel or low alloy steel
and when tested at room temperature.
It does not apply to nuts which have to meet special
requirements, such as for weldability, corrosion resistance,
o
ability to withstand temperatures above + 300 C or below o
50 C or locking. Nuts made from free-cutting steel shall not
o
be used above +250 C. There is an increased risk of stripping for assemblies with threads having wider tolerances.
The use for nuts above 39mm is only permitted, when the
nuts meet all the requirements.
2. Designation of Property Classes
The symbol for property classes consists of a figure that
indicates 1/100 of the proof load stress in N/mm2.
E.g. class 8 has a proof load stress of 8 x 100 = 800 N/mm2.
This proof load stress is equal to the minimum tensile
strength of a bolt, which can be loaded up to the minimum
yield strength of the bolt when mated with the nut concerned.
Nuts of a higher property class can generally be used in the
place of nuts of a lower class.
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Hexagon nuts ≥ M5 shall be marked with the symbol of the
property class, and the trade (identification) marking of the
manufacturer on the bearing surface or side.

