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Troubleshooting Gasket Failure
Low torqueing loads, inadequate equipment selection or faulty installation could be to blame.
By Guillermo San Martín
FSA Member, Empak Spirotallic Mexicana

I

n the oil, gas and process industry,
engineers and technicians must
face the problem of maintaining a
hermetic seal for a variety of industrial
equipment. An example is flanges,
which are the most common attachment
method of one pipe to another pipe
or equipment. Since the parts to be
jointed are both rigid, they both must
be perfectly machined and aligned. They
also must maintain this aligned position
during changing service conditions in
order to maintain a seal. This can be
difficult to achieve given the nature
of alloys used in equipment, the fluids
to be contained, as well as process
variables (such as vibration, temperature
variations, wear and chemical
compatibility) and cost constraints (manhour maintenance time, cost of products
and downtimes).
This is why gaskets are crucial. A gasket
is intended to fill the gap between two
mating components, generally softer
than the rigid parts to be joined, and to
prevent the loss of fluid in the form of
leakage. A seal is achieved by compressing
the joined objects and the gasket, making
the latter fill the irregularities of flange
surfaces by interacting with the clamping
forces and internal pressure.
Pipes are not empty. They have fluid
flowing through them and through the
flanges. Any fluid has the property to
extend force in all directions. Initially,
the fluid contained through the pipeline
will come in contact to the surface of the
internal diameter of the flange and also
the gasket. The amount of force can be
calculated using Equation 1.
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FFluid = PAG
Where
P = internal fluid pressure in psi
AG = the area contained by the gasket
Equation 1

faces is different from the contact area
of the bolts and nuts. The total force
applied to the flange by bolting is shown
in Equation 3.

T=

kFd
12

Equation 3

Gaskets will seal given the initial
amount of force applied to them. Gasket
The torque proportional to a given
manufacturers and design engineers have number of bolts n, is shown in Equation 4.
determined that by torqueing the bolts
used to compress the flanges, the gasket
kFd
can be compressed. The simplest model
T=
12n
for this is Equation 2 relating applied
Equation 4
compressive force to bolt torque.
However, the stress to which the gasket
is subjected is not uniformly proportional
Expressing T as the torque in footto the bolt torqueing value because the
pounds, this is the primary means of
force applied by user to the gasket to
prevent leakage.
T
F=
Though the equations presented
kd
here are ideal models (since they do
Where
not consider rugosity, other flange
F = the force resulting from the bolting
forces resisting, etc.), they do represent
in pounds
average observed conditions in industry.
T = the bolt torque expressed in inchAs shown in Table 1, the applied force
pounds (in-lbs)
through bolt tightening compresses the
d = the bolt diameter expressed in
gasket, deforming it (see page 70).
inches
This applied force must overcome the
k = a factor related to the transfer of
fluid’s pressure (hydrostatic force) if
torque to axial load
leakage is to be avoided. The hydrostatic
force in the pipeline tends to separate
Equation 2
the flanges and acts against the
compressive bolting force, reducing it
during operation.
stress can vary circumferentially. This
The gasket must be both strong enough
is because the contact pattern and the
to withstand process pressure and
area between the gaskets and the flange
soft enough and deformable to fill the
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Image 1. Acceptable bolt stresses for
gaskets. (Images courtesy of the author)
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irregularities of the flanges. Though
several papers have been written to
provide a better understanding of
the relationship between gaskets
and flanges, it is commonly known
that the sealing capability is not only
achieved by bolting, but rather by a
combination of factors that may vary
from one kind of joint to another.
Piping induced forces come into
play soon after installation. During
operation they begin affecting the
system due to temperature and
process influence on the pipe material
and configuration.
Nuts and fasteners are the
other key elements in providing
compressive pressure on the flanges
and gaskets. Their function is to
clamp the joint sufficiently, given
the induced tension due to process
variables. Fasteners also exhibit
relaxation and elongation that
is dependent to their material of

Image 2. Forces acting on a flange and gasket
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Table 1. Factors to consider in joint sealing

Factors regarding flange/equipment
configuration

Factors regarding process nature/
application

Factors regarding gasket properties

Nature of alloy/material

Process temperature

Compressibility

Design of flange/equipment configuration

Media nature

Recovery

Mechanical properties of the alloy/material Chemical nature of media (pH)

Relaxation

Chemical compatibility of the alloy/
material

Process pressure (enough to prevent
phase change)

Sealability

Surface rugosity

Suspension/solid content

Chemical resistance/compatibility

Machined ends

Thermal effect on expansion/contraction
due process variables

Flammability resistance

Alignment maintenance

Pressure-temperature resistance

Allowable clearances

Mechanical properties

Lubrication and means of maintaining load
Type of contact for sealing elements on
ends (floating or contact type)
Fasteners mechanical requirements
Method of installation

construction, having a considerable effect
on the amount of load available.
If the elastic region for a fastener is
exceeded during operation, the fasteners

will yield and be irreversibly deformed,
and the ability to provide a load force—
essentially a compression load—will
be reduced.

Vibration, alignment and mechanical
flexibility affect the amount and extent
of these deformations, making them key
equipment and process design variables
to take into account under variable
operating conditions.
If the gasket copes with all of these
forces by bolt torqueing, four scenarios
can occur depending on the applied stress:
1. Gasket stress is adequate to withstand
internal forces and flange forces,
achieving good sealing performance.
2. Gasket stress drops to the point that
it is insufficient to compensate for
flange forces.
3. Gasket stress is too high and quickly
compromises the integrity.
4. Piping induced forces/flange forces
increase to a value that compromises
integrity of both the gasket and the
piping system/equipment.
Gasket properties also come into play
in any of these scenarios. Knowing the
gasket material, density, compressibility,
recovery, relaxation, minimum seating
stress and minimum stress under
operation is essential to establish limits
on assembly bolt stresses for which the
gasket achieves contact and seals.
Thus, premature or catastrophic
failure in the pipeline can result from
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Table 2. Troubleshooting gasket/seal failure due to pipe strain.

What to check on
flanges

What to check on
fasteners/nuts

What to check on joint
assembly/pipe

What to check on
gaskets

What to check external
forces

Flatness

Size

Available load after
installation

Correct size and
thickness

Constant fluid pressure

Surface condition

Thread condition

Installation procedure

Compatible material to
process variables

Temperature change
during operation

Surface finish

Material resistance

Pressure rating
appropriate materials

Compressibility/recovery Structure supports with
data
free movement

Pressure rating material
suitable for operation

Maximum load
permissible for grade
and size

Gap between mating
faces

Minimum and maximum
stress available

Clearances

Lubrication

Alignment

Secondary equipment
exerting torsion/
vibration

Pipe tension due to
construction/operation
Recommendations are available through gasket manufacturers for any specific set of process variables.

low torqueing loads, inadequate gasket
selection, inadequate installation
practices, bad selection of materials or
even poor equipment design.
Gasket manufacturers and technicians
have used their years of experience to
come up with troubleshooting guides
and rules of thumb to assist users
with the best solution for their own
particular situation.
Recommendations are available
through gasket manufacturers for any
specific set of process variables.
Gaskets, joints, fasteners and process
variables should be seen as a whole
dynamic system rather than lesser
isolated elements to be controlled.
In that way, the investigative process
of gasket failure ensures that leakage
problems can be accurately targeted by
the actual cause and its implications in
process dynamics.

Next Month: Isolation of Noise and
Vibration in HVAC and Plumbing
Piping Systems – Why Rubber is the
Best Choice

We invite your suggestions
for article topics as well
as questions on sealing
issues so we can better
respond to the needs of the industry. Please direct your
suggestions and questions to sealingsensequestions@
fluidsealing.com.
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