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Threaded Fasteners
Points of stress concentration are at the fillet, at the start of the 
threads (runout), and at the thread-root fillet in the plane of the 
nut when it is present.



Threaded Fasteners



Threaded Fasteners
The diameter of the washer face is the same as the width across 
the flats of the hexagon. The thread length of inch-series bolts, 
where d is the nominal diameter, is

and for metric bolts is



Threaded Fasteners
• The ideal bolt length is one in which only one or two threads 

project from the nut after it is tightened. 

• Bolt holes may have burrs or sharp edges after drilling. These 
could bite into the fillet and increase stress concentration.

• Therefore, washers must always be used under the bolt head to 
prevent this. 

• They should be of hardened steel and loaded onto the bolt so 
that the rounded edge of the stamped hole faces the washer 
face of the bolt. 

• Sometimes it is necessary to use washers under the nut too.



Threaded Fasteners
• The purpose of a bolt is to clamp two or more parts together. 

• The clamping load stretches or elongates the bolt; the load is 
obtained by twisting the nut until the bolt has elongated almost 
to the elastic limit. 

• If the nut does not loosen, this bolt tension remains as the 
preload or clamping force. 

• When tightening, the mechanic should, if possible, hold the bolt 
head stationary and twist the nut; in this way the bolt shank will 
not feel the thread-friction torque.



Threaded Fasteners
The head of a hexagon-head 
cap screw is slightly thinner 
than that of a hexagonhead 
bolt. 

Dimensions of hexagon-head 
cap screws are listed in Table 
A–30. 

Hexagonhead cap screws are 
used in the same applications 
as bolts and also in applications 
in which one of the clamped 
members is threaded. 



Threaded Fasteners

common cap-screw head styles



Threaded Fasteners

common cap-screw head styles



Threaded Fasteners



Joints—Fastener Stiffness
When a connection is desired that can be disassembled without 
destructive methods and that is strong enough to resist external 
tensile loads, moment loads, and shear loads, or a combination of 
these, then the simple bolted joint using hardened-steel
washers is a good solution. 

Such a joint can also be dangerous unless it is properly designed 
and assembled by a trained mechanic.



Joints—Fastener Stiffness
The purpose of the bolt is to clamp the two, or more, parts 
together. Twisting the nut stretches the bolt to produce the 
clamping force. 

This clamping force is called the pretension or bolt preload. It exists 
in the connection after the nut has been properly tightened no 
matter whether the external tensile load P is exerted or not.

Of course, since the members are being clamped together, the 
clamping force that produces tension in the bolt induces 
compression in the members.



Joints—Fastener Stiffness
The bolt is an elastic member and thus it has a spring rate. 

For the bolt it is the ratio between the force applied to the
member and the deflection produced by that force. 

Thus, the stiffness constant of a fastener in any bolted connection 
can be found.

The grip l of a connection is the total 
thickness of the clamped material. 

the grip is the sum of the thicknesses 
of both members and both washers. 

The effective grip is given in Table 8–7.
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Joints—Fastener Stiffness
The stiffness of the portion of a bolt or screw within the clamped 
zone will generally consist of two parts, that of the unthreaded 
shank portion and that of the threaded portion. 

Thus the stiffness constant of the bolt is equivalent to the 
stiffnesses of two springs in series.



Joints—Fastener Stiffness
For two springs in series. The spring rates of the threaded and
unthreaded portions of the bolt in the clamped zone are, 
respectively,

Thus: 

where kb is the estimated effective stiffness of the bolt or cap 
screw in the clamped zone.



Joints—Fastener Stiffness
For short fasteners, the unthreaded area is small:

For long fasteners, the threaded area is relatively small, and so:  



Joints—Member Stiffness
In order to understand what happens when an assembled 
connection is subjected to an external tensile loading, we need to 
know the stiffnesses of the members in the clamped
zone. 

There may be more than two members included in the grip of the 
fastener. 

All together these act like compressive springs in series, and hence 
the total spring rate of the members is

If one of the members is a soft gasket, its stiffness relative to the 
other members is usually so small that for all practical purposes the 
others can be neglected and only the gasket stiffness used.



Joints—Member Stiffness
If there is no gasket, the stiffness of the members is rather difficult 
to obtain, except by experimentation, because the compression 
region spreads out between the bolt head and the nut and hence 
the area is not uniform. 

There are, however, some cases in which this area can be 
determined.



Joints—Member Stiffness



Joints—Member Stiffness

When  = 30°, this becomes



Joints—Member Stiffness

km = k/2. Using the grip as l = 2t and dw as the diameter of the washer face,



Joints—Member Stiffness



Bolt Strength
In the specification standards for bolts, the strength is specified by 
stating SAE or ASTM minimum quantities, the minimum proof 
strength, or minimum proof load, and the minimum tensile strength. 

The proof load is the maximum load (force) that a bolt can withstand 
without acquiring a permanent set. 

The proof strength is the quotient of the proof load and the tensile-
stress area. 

The proof strength thus corresponds roughly to the proportional 
limit.

Tables 8–9, 8–10, and 8–11 provide minimum strength specifications 
for steel bolts.



Bolt Strength
Bolts in fatigue axial loading fail at the fillet under the head, at the 
thread runout, and at the first thread engaged in the nut. 

If the bolt has a standard shoulder under the head, it has a value of 
Kf from 2.1 to 2.3, and this shoulder fillet is protected from
scratching or scoring by a washer. 

If the thread runout has a 15o or less half-cone angle, the stress is 
higher at the first engaged thread in the nut. 

Bolts are sized by examining the loading at the plane of the washer 
face of the nut. 

This is the weakest part of the bolt if and only if the conditions 
above are satisfied (washer protection of the shoulder fillet and 
thread runout   15o
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Tension Joints—The External Load
What happens when an 
external tensile load P is 
applied to a bolted 
connection. 

It is to be assumed, of course, 
that the clamping force, 
which we will call the preload 
Fi , has been correctly applied 
by tightening the nut before P 
is applied. The nomenclature 
used is:



Tension Joints—The External Load
The nomenclature used is:

If N bolts equally share the total external load, then



Tension Joints—The External Load
The load P is tension, and it causes the connection to stretch, or 
elongate, through some distance  . 

We can relate this elongation to the stiffnesses by recalling that k 
is the force divided by the deflection. Thus



Tension Joints—The External Load
The resultant bolt load is:

and the resultant load on the connected members is:

Table 8–12 is included to provide some information on the 
relative values of the stiffnesses encountered. 

The grip contains only two members, both of steel, and no 
washers. 

The ratios C and 1 - C are the coefficients of P.  They describe the 
proportion of the external load taken by the bolt and by the 
members, respectively. 



Tension Joints—The External Load
In all cases, the members take over 80 percent of the external 
load. 

Think how important this is when fatigue loading is present. Note 
also that making the grip longer causes the members to take an 
even greater percentage of the external load.



Relating Bolt Torque to Bolt Tension



Relating Bolt Torque to Bolt Tension
The diameter of the washer face of a hexagonal nut is the same 
as the width across flats and equal to 1.5 times the nominal size. 

Therefore the mean collar diameter is dc = (d + 1.5d)/ 2 = 1.25d.

Or

where



Relating Bolt Torque to Bolt Tension
The diameter of the washer face of a hexagonal nut is the same 
as the width across flats and equal to 1.5 times the nominal size. 

Therefore the mean collar diameter is dc = (d + 1.5d)/ 2 = 1.25d.

Or



Statically Loaded Tension Joint with Preload

The tensile stress in the bolt can be found as

Thus, the yielding factor of safety guarding against the static 
stress exceeding the proof strength is

Or

Since it is common to load a bolt close to the proof strength, the 
yielding factor of safety is often not much greater than unity. 



Statically Loaded Tension Joint with Preload

Another indicator of yielding that is sometimes used is a load 
factor, which is applied only to the load P as a guard against 
overloading. 

Solving for the load factor gives:

It is also essential for a safe joint that the external load be smaller 
than that needed to cause the joint to separate. 



Statically Loaded Tension Joint with Preload

If separation does occur, then the entire external load will be 
imposed on the bolt. 

Let P0 be the value of the external load that would cause joint 
separation. At separation, Fm = 0:

Let the factor of safety against joint separation be

Substituting P0 = n0P



Statically Loaded Tension Joint with Preload

it is recommended for both static and fatigue loading that the 
following be used for preload:

where Fp is the proof load, obtained from:

Here Sp is the proof strength obtained from Tables 8–9 to 8–11. 
For other materials, an approximate value is Sp = 0.85Sy.
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