


 Threaded fastener terminology & geometry

 How threaded fasteners work 

 Strength of engineering materials

 Tensile loading vs. shear loading and failure modes

 Torque variation

 Bolt stretch – torque-to-yield fasteners

 Fastener strength properties

 Fastener grades

 A simple sample calculation

 Applications to motorcycles 

PRESENTATION OUTLINE
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THREAD GEOMETRY & NOMENCLATURE

Examples:

¼-20 UNC = ¼ major dia., 20 TPI Unified National Coarse Series

M6-1 = Metric 6mm major dia., 1mm pitch 
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When specifying a thread – you need 
to know three things:
• System (inch or metric)
• Form (UN, BS Cycle, Metric etc.)
• Major Diameter
• Pitch (aka thread series)



DETAILS OF FASTENER THREAD GEOMETRY
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THREAD 

GEOMETRY & 

NOMENCLATURE
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INCH-

METRIC 

TAP DRILL 

CHART
(NO HOME SHOULD BE 

WITHOUT ONE!)
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Example:

To tap a hole for a 1/4 -20 
UNC thread you would 
use a #7 drill which has a 
diameter of 0.201”.

This is approx. equal to 
the minor diameter of the 
thread.



HEX HEAD BOLT GEOMETRY & NOMENCLATURE

L

D

Examples:

¼-20UNC x 1  ¼” dia., 20 thread/inch UNC bolt, 1” long

M6-1 x 25  Metric 6mm dia., 1mm pitch bolt, 25 mm long
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TYPICAL CAPSCREWS
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STRENGTH PROPERTIES OF 
ENGINEERING MATERIALS

The elastic modulus of a material is basically a 
measure of its stiffness and is related to the atomic 
structure of the material.  

Note the much higher value for steel than 
aluminium – this is one of several reasons why 
fasteners are not made of aluminium.
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TENSION LOADED FASTENER
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The forces “F” are 

trying to pull the two 
components apart –
and are being resisted 
by tension in the bolt.

This is called tensile 
loading.

The cylinder head 
bolts or studs on a 
motorcycle engine 
are loaded in tension.

F F

F F



SHEAR LOADED FASTENER
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F

F

The forces “F” are 

acting to make the 
two parts slide over 
each other.

This is called shear 
loading.

A motorcycle brake 
disc mounting bolt 
could be loaded in 
shear relative to the 
wheel hub, when you 
apply the brake.



SHEAR LOADED FASTENERS
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FASTENER FAILURE MODES
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SHEAR LOADED FASTENERS
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Shear loads must be 
resisted by friction
between the bolted 
components and NOT by 
shear loads in the 
fasteners themselves.

So – the bolts in a shear 
loaded joint are only
there to squeeze the two 
parts together tightly 
enough to generate 
enough friction to stop 
them from sliding. 



TORQUE VARIATION – UN-LUBRICATED BOLTS

TORQUE VARIATION - LUBRICATED BOLTS

CONCLUSION: Lubricated fasteners provided more consistent 
torque values and that ensures better joint 
strength and gasket sealing.
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• All fastener materials have some degree of elasticity or “stretch”

before they permanently deform (and eventually break);

• It can be shown that the 

highest level of force a bolt can

achieve occurs when it is 

stretched to its yield point where

it is permanently deformed;

• So, to achieve the maximum bolted joint strength, engineers 

design the joint so that the fasteners just reach their yield point;

• This means that the fastener cannot be used twice – it must be 

discarded after it has been torqued;

• The graph on the next slide shows this effect and it also shows 

how important it is to clean and lubricate fasteners before 

torqueing them down.
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TORQUE-TO-YIELD FASTENERS
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TORQUE-TO-YIELD FASTENERS
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SHORT FASTENERS – NOT MUCH STRETCH 

AVAILABLE
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This type of joint design 
is simple and inexpensive 
but it is not able to resist 
applied loads as well as a 
design with a longer 
fastener because the 
short fastener cannot 
stretch and develop a 
high pre-load.



Air Cooled Engine Cylinders 
Short Fastener / Bolt Variant (small amount of fastener stretch available)
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CYLINDER 

STUDS
- MORE 

STRETCH 

AVAILABLE
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Air Cooled 
Engine 

Cylinders

Long Fastener / Stud Variant 
(lots of stretch)
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Sample Calculation: the importance of bolt stretch

 General approximation (GA) for the clamp load 
to reliably seal a gasket is 3 times the lift-off 
force which is trying to separate the head from 
the block.

 The lift-off force for a 4.250" bore engine with 
1,400 psi combustion firing pressure is 19,861 
lbs.

 Clamping Force is 19,861 x 3 = 59,583 lbs. per 
cylinder (that is about 30 tons). 

 5-bolt pattern requires (59,583 ÷ 5) = 11,917 lbs. 

of clamping force per bolt;

 6-bolt pattern requires 9,930 lbs. of clamping 
force per bolt

….to reliably seal the engine and prevent head 
gasket leaks.  

If the bolts do not clamp the gasket with at least 
that much force, the head and block may separate 
enough to allow the gasket to blow out.
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Sample Calculation: the importance of bolt stretch

So, let’s select a 6-bolt pattern and look at different 
diameter fasteners and how much they stretch when 
properly torqued:

 7/16"ø bolt stretches .070" = 11,900 lbs. clamp force;

 9/16"ø bolt stretches .030“ = 11,900 lbs. clamp force;

NOTE: the two bolts develop equal clamping force 
even though the smaller bolt stretches 7X as much.

A typical head gasket as installed is .045" thick but it 
relaxes by about 25% or .011” when clamped.  

This loss in thickness of .011“ also reduces the stretch 
in the bolt, effectively “loosening” the bolts;

So, the 7/16"ø bolt loses 1/7 of its load (.011”/.070”), 

leaving (11,900 x 6/7) = 10,200 lbs. for clamping, but a 

9/16“ø bolt loses 1/3 of its load (.011”/.030”), leaving 

only 7,933 lb. for clamping (a drop of 1/3 of the original 
clamping force in the bolts of 11,900 lb.).

BUT – this is NOT ENOUGH to reliably seal the engine 
(recall that we needed about 9,930 lb. for a good seal).
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SHEAR LOADED FASTENER
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F

F

The forces “F”
are acting to 
make the two 
parts slide over 
each other.



Brake Disc 
Mounting

(shear loaded  joint 
– requires fasteners 

to create friction 
between the disc 

and the wheel hub)
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Any 
questions?

Thanks 
very much 

for your 
attention


