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Torque Values and Appendix O Calculations

One of the most common requests that
a fluid sealing products manufacturer
receives is for torque recommendations
from the engineering group. Usually, this
is for the assemblies that their products
are being utilized in. What is hidden un-
derneath the surface of this seemingly
simple request is a myriad of assump-
tions. End users often think that torque
values come in a ‘one size fits all’ vari-
ety, independent of the individual com-
ponents. Conversely, behind the recom-
mendations that are made are nhumerous
assumptions of the manufacturer. In re-
ality, a bolted flange joint is a complex
system of components and forces that
must each be carefully considered and
managed to develop joint integrity.
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Traditional Process

A traditional approach to deriving the
required assembly torque comes from
ASME PCC-1 Appendix K. This meth-
odology is favorable due to its relative
simplicity. In this approach, torque (T)
is equal to the multiplication of three
factors: the nut factor (K), the desired
bolt force (F), and the nominal bolt/
stud diameter (D). The end goal is to

produce enough clamping force to de-
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velop the required amount of gasket
stress to create an effective seal. The
amount of work that is required (i.e.,
the torque value) is directly impacted
by the percentage of work that is lost
to overcoming friction. For this reason,
the nut factor, which serves to estimate
the friction loss, can drastically impact
the resulting torque. This can become
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problematic when this factor is over
or underestimated, since incremental
changes to the K value result in expo-
nential changes to the resultant torque.
For example, an increase from 0.1 to
0.3 doesn’t result in a 20% increase to
the final torque, but rather a 200% in-
crease! Besides the issues inherent in
the nut factor itself, this approach does
not consider important factors such as
flange rigidity/rotation, operating con-
ditions, and bolt stress limitations.

Integrated Approach

In real world operation, flange joint in-
tegrity relies on the harmonization of
each component. Much like the chil-
dren’s story, Goldilocks and the Three
Bears, we need to identify a torque that
is ‘just right’ to make sure that we main-
tain the seal through the desired or ex-
pected service life. Research has shown
that the majority of joint failures are re-
lated to poor installation practices. While
many aspects of plant maintenance are
well controlled through trade certifica-
tion requirements, this is not the case
for flange bolt-up. On any maintenance
team there can be varying levels of ex-
perience. The issue is compounded dur-
ing large maintenance events like shut-
downs when a large number of unquali-
fied outside contractors may be called

upon to provide assistance.

The importance of gasket installation
techniques is one of the most crucial
considerations for positive sealing in
a bolted joint assembly. Even the best
gasket might fail if an effective joint as-
sembly installation procedure is not fol-
lowed. While no torque derivation meth-
odology eliminates the need for bolt-up
best practices, an approach that consid-
ers each component and attempts to
limit the torque based on the weakest
link is a step in the right direction.

In 2010, PCC-1 introduced an alterna-
tive methodology for deriving a target
torque aimed at determining the appro-
priate assembly bolt stress in a bolted
joint assembly.This method looks at the
joint system as a whole and considers
each of the following:

e Sufficient gasket stress to ensure
sealabilty — the bolt/stud torque must
be adequate to properly seat the gas-
ket and maintain the seal by compen-
sating for relaxation losses and the
internal operating pressure.

e Gasket stress limits — the bolt/stud
torque must be specified to ensure
that the maximum compressive limit
of the gasket material is not exceeded.

e Bolt/stud stress limits — the bolt/stud
torque must be specified to ensure



that the yield strength of the fasten-
ers is not exceeded.

® Flange stress limits — the bolt/stud
torque must be specified to ensure
that the flanges do not experience
excessive rotation and/or permanent
deformation.

Steps Explained

The ASME PCC-1 Appendix O joint
component approach requires the user
to obtain or derive critical information
before proceeding, as described in sec-
tion O-4.This information includes: the
maximum permissible flange rotation
at the assembly gasket stress and op-
erating temperature, the minimum and
maximum permissible bolt stress, the
target and maximum assembly gasket
stress, the minimum gasket seating
and operating stress, and the gasket
relaxation fraction. Armed with this in-
formation, a user can then proceed with
a number of checks to ensure that the
stress limits are not exceeded for any of
the components.

The first step is to calculate the instal-
lation stress of the studs (Sbsel). This
is accomplished by multiplying the
target gasket stress by the ratio of the
gasket sealing surface area to the total
root area of the bolts/studs per equa-
tion O-1.The next step is to check Sbsel
against the stud upper and lower limits.
If Sbsel falls outside of those limits, it
should be set equal to the limiting val-
ue (either minimum or maximum). This
ensures that the fasteners will undergo
adequate bolt stretch without yielding
(see equations 0-4 and O-5).

After verifying the adequacy of the
studs, the next step would be to confirm
the adequacy of the flange by compar-
ing Sbsel to the flange stress limits. If
the flange stress limit is exceeded, set
the value of Sbsel to the flange limit. In-
formation relevant to the flange stress
limits for SA-105 carbon steel and SA-
182 F304 stainless steel B16.5, B16.47
Series A weld neck, and slip-on flanges
are provided in PCC-1, tables 0-4.1-1
through 0O-4.1-7. Other values must be
obtained according to the methods out-
lined in section O-5 and as developed by
Dr. Warren Brown in WRC Bulletin 538.

Admittedly, determination of flange
stress limitations is not for the novice.
WRC Bulletin 538 is a 29-page docu-
ment and finite element analysis often
requires specialized training, as well
as high-powered and costly comput-
ers and software. However, the values
provided from PCC-1 can at minimum
be used in combination with sound en-
gineering judgment to help determine
if a particular flange configuration may
be in danger of becoming overstressed
and require more complex analysis.

Upon completion of the flange stress
check, the next step is to check Sbsel
against the gasket minimum seating
stress, minimum operating stress, and
maximum compressive stress limits per
equations O-7 through O-9. Minimum
seating stress and maximum compres-
sive stress limits for all gasket materials
can vary significantly between gasket
types, materials, sizes/thicknesses, and
manufacturers, and can also be impact-
ed by operating conditions (especially
temperature). Most materials exhibit a

reduction in strength as temperature
increases. Therefore, it is always best to
consult with gasket manufacturers and
provide them accurate operating con-
dition information when determining
target values to ensure integrity and
reliability of the joint. ASME PVP2014 —
Determination of ASME PCC-1-2013 Ap-
pendix O Gasket Parameters proposes
helpful methodology for determining
the gasket properties required for these
checks as well.

Final Steps and
Recommendations

The final check to be performed is equa-
tion O-10 which verifies that the flange
rotation limit is not exceeded. Per PCC-
1, if any of these checks are exceeded,
“judgement should be used to deter-
mine which controlling limit is more
critical to integrity and, therefore, what
the selected bolt load ought to be’”
Upon finalizing this bolt load, it is pos-
sible to calculate the required torque to
achieve this load by utilizing equation
0-2 (which converts bolt stress to bolt
force) or simply using the previously
referenced Appendix K equation. Keep
in mind, that this torque calculation still
incorporates the use of the nut factor
(K value) that was previously discussed
and is susceptible to inaccuracy when
this value is under or over-estimated.
Several helpful resources have been
produced that provide insight and di-
rection on accurately determining the
appropriate K value in torque calcula-
tions, including PCC-1 itself.

Regardless of the approach one takes
to determining torque requirements,
any approach that incorporates a de-
fined installation procedure with target
values is a huge leap towards improv-
ing joint integrity. Sacrificing reliability
in favor of speed in a dangerous game
that can, and often does, result in joint
leaks, rework, and in worst case sce-
narios, catastrophic failure, injury, and
even death. It is just not worth it. For
this reason, it is always recommended
to incorporate bolted flange joint instal-
lation best practices into a standard ap-
proach to maintenance and reliability.
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