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BOLTED JOINT DESIGN
Bolted joints are one of the most common
elements in construction and machine
design. They consist of fasterners that
capture and join other parts, and are
secured with the mating of screw threads.
There are two main types of bolted joint
designs: tension joints and shear joints.
In the tension joint, the bolt and clamped
components of the joint are designed to
transfer an applied tension load through
the joint by way of the clamped
components by the design of a proper
balance of joint and bolt stiffness. The
joint should be designed such that the
clamp load is never overcome by the
external tension forces acting to separate
the joint. If the external tension forces
overcome the clamp load (bolt preload)
the clamped joint components will
separate, allowing relative motion of the
components.
The second type of bolted joint transfers
the applied load in shear of the bolt shank
and relies on the shear strength of the
bolt. Tension loads on such a joint are only
incidental. A preload is still applied but
consideration of joint flexibility is not as
critical as in the case where loads are

Other such shear joints do not employ a
preload on the bolt as they are designed to
allow rotation of the joint about the bolt
but use other methods of maintaining
bolt/joint integrity. Joints that allow
rotation include clevis linkages, and rely on
a locking mechanism (like lock washers,
thread adhesives and lock nuts).
Proper joint design and bolt preload
provides useful properties:
• For cyclic tension loads, the fastener is
not subjected to the full amplitude of the
load; as a result, the fastener's fatique life
is increased or, if the material exhibits an
endurance limit, its life extends
indefinitely.
• As long as the external tension loads on a
joint do not exceed the clamp load, the
fastener is not subjected to motion that
would loosen it, obviating the need for
locking mechanisms.
• For the shear joint, a proper clamping
force on the joint components prevents
relative motion of those components and
the fretting wear of those that could
result in the development of fatigue
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In both the tension and shear joint design
cases, some level of tension preload in the bolt
and resulting compression preload in the
clamped components is essential to the joint
integrity. The preload target can be achieved
by a variety of methods: applying a measured
torque to the bolt, measuring bolt extension,
heating to expand the bolt then turning the nut
down, torquing the bolt to the yield point,
testing ultrasonically, or by applying a certain
number of degrees of relative rotation of the
threaded components. Each method has a
range of uncertainties associated with it, some
of which are very substantial.
There is no one fastener material that is right
for every environment. Selecting the right
fastener material from the vast array of those
available can be a daunting task. Careful
consideration must be given to strength,
temperature, corrosion, vibration, fatigue, and
many other variables. However, with some
basic knowledge and understanding, a well
thought out evaluation can be made.
Mechanical Properties of Steel Fasteners in
Service
Most fastener applications are designed to
support or transmit some form of externally
applied load. If the strength of the fastener is
the only concern, there is usually no need to
look beyond carbon steel.
Considering the cost of raw materials, nonferrous metals should be considered only when
a special application is required.

Tensile Strength (TS) is the mechanical
property most widely associated with
standard threaded fasteners. Tensile
strength is the maximum tension-applied
load the fastener can support prior to
fracture.
The tensile load a fastener can withstand is
determined by the formula P = St x As.
• P = Tensile load (This is a direct
measurement of clamp load. Unit in lbs or
N)
• St = Tensile strength (This is a generic
measurement of the material’s strength.
Unit in ps or MPa).
• As = Tensile stress area (For fastener or
area of material. Unit in in2 or mm2)
Tensile strength and tensile stress area of a
particular bolt can be obtained from
Mechanical
Properties
of
Externally
Threaded Fasteners charts.
Example: For a ¾” - 10UNC X7”SAE J429
Grade 5 HCS bolt. Find P?
• P = St X As = 120,000 psi X 0.3340 in2
• P = 40,080 lbs
For
this
relationship,
significant
consideration must be given to the definition
of the tensile stress area, As. When a
standard threaded fastener fails in pure
tension, it typically fractures through the
threaded portion (as this is characteristically
its smallest and therefore weakest area).
For this reason, the tensile stress area is
calculated through an empirical formula
involving the nominal diameter of the
fastener and the thread pitch.

What is Bolt Yield?
A bolt’s yield point is where the stress placed on a fastener surpasses its ability to recover its elasticity.
Remember: Steel may seem firm, but it’s actually an elastic material. That means when you fasten a bolt, you are actually
stretching the material.
The stress applied to a bolt is known as “tensile stress” or “preload.” In the graph below, you’ll see stress graphed on the yaxis, while the amount of stretch on the fastener is shown on the x-axis.

The preload added to the threaded fastener remains pretty linear — until you reach the yield point. This is known as the
proof load or proof stress, and it’s the maximum load a fastener can take before it hits permanent deformation (also
known as plastic deformation). This means the fastener won’t go back to its original shape. (Technically, this means the
bolt won’t go back to being within 0.02% of its original shape.)
If you were to continue applying load and stretching the fastener, the stress-strain curve takes a bad downward path. To
avoid this risk, most carbon or alloy steel bolts have a defined proof load, which represents the usable strength range for
that particular fastener. (See previous Technical Bulletin 9). Therefore, one should not tighten the bolt above the proof
load is an applied tensile load that the fastener must support without permanent deformation. In other words, the bolt
will returns to its original shape once the load is removed.

If we keep stretching the fastener until we hit the ultimate tensile strength (also called maximum load). This is when a
bolt starts “necking” and, eventually, breaks.
But long before the fastener breaks, since the curve past the yield point is not linear, we do not know the preload of the
stud. Therefore can’t predict the clamping force the fastener is placing on the flange.
Harder, higher tensile strength fasteners, such as the A574 tend to be less ductile than the softer lower strength
fasteners. Although they have higher tensile strength, the overall length of the strain curve is often decreased.
Once we understand this we can address the property classes of each common material found in the industrial industry.

Shear Strength
Shear strength is defined as the maximum load that can be supported prior to fracture, when applied at a right angle to the
fastener’s axis. A load occurring in one transverse plane is known as single shear (defined as load applied to bolted
members in a single plane that, at an extreme, would result in the bolt being cut into two pieces.). Double shear is a load
applied in two planes where the fastener could be cut into three pieces.
For most standard threaded fasteners, shear strength is not specified even though the fastener may be commonly used in
shear applications. While shear testing of blind rivets is a well-standardized procedure that calls for a single shear test
fixture, the shear testing technique for threaded fasteners is not as well designed. Most procedures use a double shear
fixture, but variations in the test fixture designs cause a wide scatter in measured shear strengths (i.e., the variations in test
procedures produce non-standard results).

The equations for both double and single shear may be adjusted to accommodate multiple bolts in a joint. This can
accomplished by dividing the results obtained from the above calculations by the number of bolts in the joint. Remember,
the above equations assume that the plates are free to slide without friction.
To determine the shear strength of the fastener, the total cross-sectional area of the shear plane is important. For shear
planes through the threads, we could use the thread root area. There are two possibilities for applied shear load (as
illustrated above). One possibility is that the shear plane occurs in the threaded portion of the bolt. Since shear strength is
directly related to the net sectional area (i.e.: the amount solid bolt material in the diameter), a narrower area will result in
lower bolt shear strength. To take full advantage of strength properties the shank of the bolt body should be within the
shear planes.
When no shear strength is given for common carbon steels with hardness up to 40 HRC, 60% of the ultimate tensile strength
of the bolt is typically used as acceptable shear strength. Note: the shear strength must fall within the constraints of a
suitable safety factor. This formula should only be used as an estimation.
A fastener subjected to repeated cyclic loads can break suddenly and unexpectedly, even if the loads are well below the
strength of the material. The fastener fails in fatigue. Fatigue strength is the maximum stress a fastener can withstand for a

What is the yield strength of common fasteners?
Different materials in steel bolts, and the different stress areas of those bolts, play a crucial role in the strength
requirements for their bolting applications.
The material differences are pretty self-explanatory. But the stress areas have to deal with how the steel bolt is quenched
during manufacturing. Since there is more material in larger bolts, it is harder to quench them. Therefore their yield
strength is effected.
A193 Grades
Below is a chart of the Tensile strengths and Yield strengths for common ASTM A193 bolt grades. This are alloy steel and
stainless steel bolting materials for high temperature or high pressure service:

A193 Mechanical Properties

A320 Grades
The ASTM A320 specification covers alloy steel and stainless steel bolting materials for low temperature service. This
standard covers rolled, forged, or strain hardened bars, bolts, screws, studs, and stud bolts used for pressure vessels,
valves, flanges, and fittings. Like the ASTM A193 specification, unless otherwise specified, the 8UN thread series is
specified on fastener larger than 1” in diameter. Below is a chart of the Tensile strengths and Yield strengths for common
ASTM A320 bolt grades:

A320 Mechanical Properties

Should you re-use bolts?
As we’ve shown you in this article, most people don’t really know when they’ve actually put a bolt into yield. So the
logical question becomes: “When can we re-use studs?”
Well, ASME PCC-1 states that when using controlled bolting methods such as torque or tension, the use of new bolts
up to 1-⅛ inch diameter is recommended.
What does that mean? If you’re going to use controlled bolt load techniques like clicker wrenches, hydraulic torque
wrenches or even tensioning, you should probably replace the bolts if they’re 1-⅛ inch diameter and below, because
the cost of refurbishing those bolts is higher than replacing them.
Meanwhile, the industry in general has been moving to replacing fasteners when controlled bolt load (torque or
tensioning) is used to get clamping force on a flange.
Many people may has heard how replacing all studs is expensive. But again, note that the recommendation is for
times when controlled bolting is being used.
Why? Because while the torque value and preload are almost the same for new and used bolts, there are many
variables that the fastener will encounter during operation.
These are hard to quantify, therefore it is easier, safer and less costly to replace the fasteners than to do an
engineered assessment to determine if they need to be replaced in most cases.

