B TECH TALK

piral Wound Gaskets: Construction,
Challenges, and Terminology

Spiral Wound gaskets are one of the most respected and recognizable gaskets in the industry. Since its inception in 1912, it has become a staple in a variety of services, from nuclear
powered aircraft carriers, to petrochemical plants. Many manufacturers currently fabricate their own spiral wound gaskets, with the majority specifying ASME B16.20 guidelines.
However, some have deviated from the standard to create a design that is marketed as a ‘low-stress’ alternative.

B By Alton Jamison, Sales Engineer, Teadit

Background

Spiral wound gaskets are common com-
modities used in piping systems across
several industries, and maintenance and
reliability staff are constantly on the look-
out for products offering the promise of
better performance. The ‘low-stress’ spiral
wound gaskets are marketed as an alter-
native to standard spiral wound gaskets,
requiring less torque to seat the gasket.
This makes for an enticing offering, since
the most common cause of bolted joint
failures is a lack of load. The problem with
this terminology, is that it is a very loose
designation for gaskets that can, and often
do, have a range of differences, making it
difficult to judge the gaskets objectively.

Many manufacturers of spiral wound gas-
kets have made subtle changes over the
years to try to differentiate themselves,
and the ‘low-stress’ technology has be-
come a common theme throughout the
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market. Multiple types of plants use
these designs in their piping systems in
specialty applications, or even as replace-
ments for ASME B16.20 standard spiral
wound gaskets. In general, ‘low-stress’
spiral wound gaskets have various design
elements, from additional graphite in the
filler, to a stress relief anti-buckling design,
which are all marketed as requiring less
initial preload to seat. While no one can
argue that it is possible to make spiral
wound gaskets more compressible, ques-
tions remain about the proposed benefits
of ‘low-stress’ technology and its effec-
tiveness in providing a reliable seal. In
other words, is a softer, more compress-
ible sealing element a good thing for a
spiral wound gasket?

Spiral Wound Construction

For the most part, the spiral wound has
undergone only subtle changes since its
initial introduction over 100 years ago,
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Figure 1.

with the overall concept remaining the
same. This fact highlights the versatility
and effectiveness of the gasket in gen-
eral. It can withstand high temperatures
and pressures, and can be used with a
variety of chemicals: the manufacture can
change the materials of construction to
enhance compatibility with the process.

A standard spiral wound gasket has three
major components: a solid metal outer
ring, a solid metal inner ring, and the
wound sealing element. The sealing ele-
ment is formed by using alternating plies
of metal wire and a soft filler material,
which are wound together on a mandrel
into a gasket shape of the desired size.
During the process, the flat winding met-
al strip is formed into a “V’ or chevron
shape, as depicted in Figure 1.This allows
the windings to flex like a spring under
load. Common filler materials are flex-
ible graphite and polytetrafluoroethylene
(PTFE), though other options are readily
available for specialty services. The ma-
terials and methods of construction will
vary based on the operating conditions,
such as temperature and pressure, of
the service. These materials must also
be chemically compatible with the pro-
cess media. Additionally, the density of
the winding is a key factor in determining
how the gasket will respond and perform
under load.

The outer ring serves as a centering ring,
or guide ring, to ensure that the sealing
element is properly located between
the flanges; while the inner ring, a com-
paratively recent addition to the design,
serves to prevent the winding’s natural
proclivity to radially buckle at the inside
diameter. However, neither of these ele-
ments are designed or intended to assist
in the functional sealing of the gasket.
That task falls solely on the winding ele-
ment itself. ASME B16.20 also specifies
the identification markings required to be
printed on spiral wound gaskets.

Compressed

It is important to recognize that only gas-
kets that meet all of the requirements
of ASME B16.20 (construction, dimen-
sional, compressibility, and sealability)
should be stamped with this designa-
tion. Other designations, such as the
manufacturer name, size, pressure class
of the gasket, and materials of construc-
tion will commonly appear on all spiral
wound gaskets.

It is also important to know that prior to
2008, inner rings on spiral wound gaskets
were not considered the standard. Indus-
try feedback was consistent that buckling
of the windings on spiral wound gaskets
with only outer rings was a common is-
sue. One solution was to machine relief
ports into the outer ring to allow for out-
ward expansion of the winding element.
However, more commonly, inner rings
were used. In May 2008, ASME B16.20
standardized the use of inner rings on
spiral wound gaskets.

Low-Stress Meaning

The designation of ‘low-stress’ spiral
wound gaskets refers to those that have a
lower density (i.e. softer) winding, which
is created by utilizing a thicker filler strip,
and less tension on the winding metal
during manufacturing. This produces a
softer, more loosely wound gasket with
fewer metallic wraps, enabling the seal-
ing element to compress under a lower
load. Standard spiral wound gaskets
should have a higher density, stiffer
winding constructed with thinner strips
of soft filler, and are wound tighter during
the forming process. This ensures a gas-
ket with higher filler density, and more
metallic wraps, as shown in Figure 4.
Testing has shown that a gasket without
this higher density winding cannot meet
the current compressibility and sealabil-
ity requirements of ASME B16.20, hence
the reason they cannot be stamped as
being manufactured per the standard.
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Additionally, the challenge with the ‘low-
stress’ nomenclature is that it lacks a
governing standard to ensure consisten-
cy across manufacturers. Some might
choose to offer styles that have low
density windings, while others may of-
fer styles that provide stress relief ports.
In essence, ‘low-stress’ is generally very
hard to define. What is the end user re-
ceiving? lIs it referring to low bolt stress,
or low gasket stress? How much is ‘low’?
Is it an overall gasket stress value, such
as 5,000 psi? Is it dependent on pressure
class? How are the ‘low-stress’ gaskets
constructed? What are the winding ele-
ment dimensions? What variety can be
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expected between manufacturers? What
are the manufacturing and design toler-
ances? And most importantly, how does
a ‘low stress’ design impact the sealing
performance and reliability?

One common criticism of low stress de-
signs is that the flange will go metal-to-
metal with the outer guide ring. This in
turn results in an unloading effect on the
intended sealing element of the gasket
(the winding). Metal-to-metal sealing can
be achieved in flange and gasket com-
binations that are designed for it. How-
ever, this is not the case for standard pipe
flanges with spiral wounds, as they are
not intended for metal to metal sealing. In
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ASME B1620 Color Code Chart

Motal 0.D. Ring Color
Centering Ring 304 Stainless Steel Yellow 1
Material 3161 Stainless Steel Green == |
(when other than e e [—
321 Stainless Steel Tutduoise [ ——)
Carbon Steel) Srcaiais [E———
MONEL® Orange
-
i e
Inner Ring Alloy 20 Black ]
Material INCONEL® 600 Gold I:
HASTELLOY® B Brown _
HASTELLOY® C Beige 1
INCOLOY® 800 White —
Inner Ring s, = R
PTFE White ]

Ceramic Lt Green

Centering Ring Verdicarb (Mica Graphite)  Pink /]

(i.e., Guide Ring
or Outer Ring)

fact, testing has shown that it is the paints
and coatings on the outer guide rings that
effects the seal (at least, temporarily).
Why would one pay for a spiral wound
gasket that ends up sealing on a painted
metal outer ring when another option ex-
ists? It seems like a funny scenario, but in
fact is a common occurrence. What in-
herent dangers lay dormant in plants just
waiting for the right circumstances to let
loose a significant event?

Specification Changes

The previous ASME B16.20, 2012 revision
contained a provision on construction.
This provision has since been updated, per
the ASME B.16.20, 2017 revision to include
a maximum compression requirement, as
well as the gasket stress required per pres-
sure class. Additionally, the 2017 revision
removed the former 3.2.6 revision relating
to gasket compression and replaced this
with performance testing requirements.
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The ASME B16.20, 2017 revision’s remov-
al of 3.2.6 has subsequently removed an
overall benchmark of what can be defined
as a ‘low-stress’ spiral wound gasket.
Simply stating that a spiral wound gasket
has a lower density winding does not set
the standard of what a ‘low-stress’ spi-
ral wound gasket is. Is it a spiral wound
gasket that seals at 34 MPA (5,000 psi), 36
MPA (5,200 psi), or 41 MPA (6,000 psi)?
In addition, ASME recommends spiral
wound gaskets to come standard with in-
ner rings. The low-stress characteristics
of the spiral wound depends on several
factors, which include the density of the
winding, the filler material, and often the
absence of an inner ring.

As the ASME B16 Committee G adopted
and released the B16.20, 2017 revision
the PIP (Process Industry Practices), this
started the process of removing low-
stress terminology from piping specifica-
tions. There was again uncertainty in what
constituted ‘low-stress’ in these PIP piping
specifications. When the ASME B16.20,
2017 revision incorporated a leakage test
based on gasket stress, the PIP accepted
the initiative to remove ‘low-stress’ from
all piping specifications. As of 2021, this
task has been completed and there is no
further industry-standard reference to
‘low-stress’ spiral wound gaskets.

Some manufacturers defined their ‘low-
stress’ gaskets as being able to seal at
a lower stress value, however, finding
objective proof of the gaskets’ sealabil-
ity is difficult to prove, especially if some
of the spiral wound components are not
constructed to the ASME B16.20 stan-
dards. ASME B16.20 provides guidance
on the maximum compressed thickness
requirement, and this is no longer left up
to interpretation. ASME B16.20 provides
a performance testing requirement, in ad-
dition to the dimensional requirements,
which provides further clarification on the
parameters of a properly constructed and
tested ASME B16.20 spiral wound gasket.
If the ASME B16.20 standard for spiral
wound gaskets has moved to a controlled
density, more robust winding, that at min-
imum calls into question the validity and
effectiveness of ‘low stress’ gaskets.

Conclusion

Low-stress spiral wound gaskets, and the
terminology, prior to the ASME B16.20,
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2017 STANDARD

CONSTRUCTION
—

ASME B16:20

SW-2.2 Construction

Spiral-wound gaskets shall be constructed as alternate
plies (circular layers counted as revolutions) of preformed
metal windings and pliant fillers that are spirally wound.

Pliant fillers shall not extend below the metal winding
on both contact faces of the gasket. Metal winding thick-
ness shall be 0.190 mm £ 0.040 mm (0.0075 in. £ 0.0015
in.). For all filler materials, filler thickness and density
shall be determined by the manufacturer such that the
performance testing criteria in para. SW-2.6 will be
met. In addition, for gaskets with flexible graphite filler
material, filler thickness and density shall be determined
by the manufacturer such that each finished gasket will
compress to a thickness no less than 3.43 mm (0.135 in.)
when subjected to the following uniform gasket stress,and
where the gasket contact area is calculated using the
inside and outside diameters as shown in Tables SW-
2.1-1 through §W-2.1-3:

(a) 52 MPa (7,500 psi) for Class 150 flanges

(b) 70MPa (10,000 psi) for Class 300 through Class 600
flanges

(c) 140 MPa (20,000 psi) for Class 900 and above
flanges

5W-2.6 Performance Testing

For all corresponding sizes and pressure classes,
finished ¥ [including windings as well as inner
and outer rings) shall be capable of meeting a
maximum permissible leakage rate of 0.0137 mg/s-m
(7.67E-10 lb/sec:in.). The circumferential length
[meter (inch)] shall be calculated using the gasket
outside diameter as shown in Tables SW-2.1-1 through
§W-2.1-3. Testing shall be conducted atambient tempera-

ture using an external ealibration gas with a known
methane concentration and a test gas flow rate of 1 L/min.

(a) The test fixture shall have a surface finish per ASME
B16.5, he le of shiclding the gasket so as to directany
leakage to the monitoring probe, and he capable of
applying a uniform load on the test gasket sealing
element while internally pressurizing the gasket with
methane (minimum 97% purity).

(b) Gasketstress duetotheuniformly applied load shall
be 35 MPa (5,000 psi) for Class 150, 56 MPa (8,000 psi) far
Clags 300 and Class 400, and 70 MPa [ 10,000 psi) for Class
600 and above.

(€] Test pressure shall be 20 bar (290 psi) for Class 150
and 40 bar (580 psi) for Class 300 and above.

(d) Test pressurc shall be maintained for a minimum of
4 h, after which time three readings shall be taken at
approximately 5-min intervals; the average of these
three readi shallbe ed to the permis-
sible leakage rate.

2017 revision, perhaps had a place be-
cause the specifications where not as
stringent and left room for manufactur-
ers to approach spiral wound gaskets
from multiple angles. This resulted in
a wide variety of spiral wound gaskets,
‘low-stress’ included, flooding the mar-
ketplace, and ultimately causing confu-
sion among end users. Now that the
ASME B16.20, 2017 revision exists, the
industry has spoken about what consti-
tutes an effective and desirable spiral
wound gasket. This was intended to pro-
vided consistency in spiral wound gas-
ket performance, regardless of manufac-
turer, making for safer and more reliable
connections across the industry.

PIP Changes

PIP (Process Industry
Practices) accepted the
initiative to remove low
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Figure 7.
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PREVIOUS CONSTRUCTION REQUIREMENT Zﬂli ‘

3.2.2 Construction. Spiral-wound gaskets shall be
constructed as alternate plies (circular layers counted as ||
revolutions) of preformed metal windings and pliant :
fillers that are spirally wound. For the finished gasket,
the filler shall be essentially flush with, but not below,
the metal winding on both contact faces of the gasket.
The metal strip in the winding shall be 0.15-mm
(0.006-in.) to 0.23-mm (0.009-in.) thick. The filler material
thickness shall be determined by the manufacturer.
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PREVIOUS COMPRESSION REQUIREMENT “m\‘:‘“"";
(REPLACED WITH A PERFORMANCE TESTING REQUIRE _ T)

3.2.6 Gasket Compression. Spiral-wound gaskets
NPS %, NPS %, and NPS 1 in Classes 150, 300, and 600
shall be designed so that a uniform bolt stress of 172 MPa
(25,000 psi), based on the nominal bolt root diameter,
will compress the gasket to a thickness of 3.30 mm +
0.13 mm (0.130 in. = 0.005 in.). All other gasket sizes
and classes shall be designed so that a uniform bolt
stress of 207 MPa (30,000 psi) will compress the gasket
to a thickness of 3.30 mm = 0.13 mm (0.130 in. £ 0.005 in.).

Figure 6.



