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The Influence of Winding Density on

Reliable Sealing Performance

In 2011, leaders in the sealing industry performed testing on spiral wound gaskets to see how the winding density affected the sealing behavior. Prior to the work completed
by David Reeves with Chevron and Jose Veiga with Teadit, the existing ASME B16.20 standard did not include sealability performance. In fact, a compression test was the only
‘performance testing’ required in that 2007 standard. Updates to the B16.20 standard to include sealability performance came as a result of these tests.

W By Jon Meyer, Sales Engineer - Teadit

Although there are numerous different
variations of spiral wound gaskets, most
are produced to the B16.20 standard. As
Figure 1 demonstrates, the default com-
ponents include a sealing element con-
sisting of alternating plies of a metal and
a soft filler spirally wound, a metal outer
ring (sometimes referred to as a guide
ring or a centering ring), and a metal in-
ner ring. The nominal sealing element
thickness is 0.175” while both the inner
and outer ring thicknesses are 0.125"

For general service applications, the
winding metal is typically a stainless
steel or nickel alloy, with flexible graph-
ite or PTFE as the filler. The compression
test in the 2007 version of B16.20 stan-
dard required a final sealing element
thickness of 0.130” + 0.005" after the
gasket was subjected to a compression
force, which was based on bolt stress
and varied depending on the size and
flange pressure class of the gasket.

As with all gaskets and seals, the goal
is to provide a leak-free joint. It was hy-

pothesized that the compression test did
not necessarily correlate with optimum
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sealability for spiral wound gaskets. So,
the purpose of this study was to deter-
mine which winding density, that is the
number of metallic windings per unit
length, would result in the best sealing
performance.

Testing

All tests were performed in either a 6”
Class 900 or 3” Class 150 forged carbon
steel (ASTM A105) ASME B16.5 weld
neck, and raised face flanges. The seal-
ing surfaces of the test flanges were 125
— 250 pin, per ASME PCC-1. See Figures
2 and 3 for the test rigs.

All stud materials used in testing were
ASTM SA-193-B7 with machined ends to
allow for precise bolt elongation mea-
surement. The elongation was used to
calculate the bolt load and gasket stress.
All testing and measurements were tak-
en at room temperature.

Methane was chosen as the test media.
The leak detection measurements were
taken with a thermoTVA 1000 volatile or-
ganic compound analyzer with readings
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Figure 1: Spiral wound gasket.

in parts per million (ppm). The test pres-
sure was 290 psi. To reduce the effect of
air currents within the laboratory, the gap
between the flanges was sealed with tape,
but left with two openings: one for the
leak detection probe, and one 180° from
the probe to show the methane concen-
tration in a constant flow (see Figure 5).

Sealing any escaping gas and allowing
it to accumulate between the flanges en-
sured that any ppm-level leak would be
detected by the analyzer.This method of
bagging the leakage results in a global
reading, making this setup a more strin-
gent leak-detection method than the lo-
calized EPA Method 21.

Along with bolt elongation, gasket dis-
placement was also measured. To do
this, transducers were installed on the
flange edge, 120° apart.

The gaskets tested all had 304 stainless
steel inner rings, 304 stainless steel
windings with flexible graphite filler,
and carbon steel outer rings. By adjust-
ing the winding force and using differ-
ent filler thicknesses, multiple winding
densities were able to be tested. Tables
1 and 2 show the number of metallic
windings per mm (in) in the sealing
element for the various low and high-
density test gaskets. Gaskets that have
more windings per sealing element

width have more metallic wraps and
therefore a higher density.

All the gaskets tested were manufactured
with high-purity flexible graphite filler,
which protruded approximately 0.008”
beyond the metallic wraps. See Figure 6.

In this series of tests, gaskets were in-
stalled in the test rigs and then initially
compressed to a low gasket stress. Meth-
ane at 290 psi (20 bar) was used to pres-
sure up the test rig and, after 30 minutes,
the leakage was measured. The gasket
was then further compressed to a higher
gasket stress and the leakage was mea-
sured again.This was repeated numerous
times for each test gasket specimen.

The results showed that the winding
density with the best sealability was
1.698/mm (43.13/in). After the gaskets
were removed from the test rig, it was
observed that the low-density gaskets
had an imprint on the outer ring, indi-
cating that the flanges were rotating
enough to contact the gasket outer ring
as shown in Figures 13 and 14.The outer
ring thickness for all samples was 3 mm,
so any displacement reading less than
that indicated flange rotation.

Additional tests were performed to deter-
mine if the flange contact with the outer
ring was contributing to the sealability of

Figure 2: 6” Class 900 test rig.

Figure 3: 3” Class 150 test rig.
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Figure 5: Leak detection setup.

the gasket specimens.To do this, a small
groove was machined on both sides of
the outer ring as shown in Figure 15.

As shown in Figures 16 and 17, the
high-density gasket’s sealability was
not affected by the outer ring groove.
This indicated that the sealing was pro-
vided by the windings. However, the
low-density gasket was unable to get
a good seal even at high-stress levels.
This suggested that the outer ring was
essentially acting as a solid metal gasket
in the previous low-density gasket tests.

Without the groove, the leakage rates
were substantially lower. But sealing on
the solid metal outer ring is not consid-
ered to be a reliable seal.This is because
even a small amount of thermally driv-
en differential expansion between the
flanges will eventually cause the metal-
to-metal seal to leak. In addition to this,
any stampings, scratches, or other im-
perfections on the outer ring have the
potential to be a leak path.

Another test was performed with the 6”
900# gaskets to check the validity of the
ASME B16.20 compression requirement.
As previously mentioned, the 2007 version
of ASME B16.20 required that a 30,000-psi
uniform bolt stress be applied to a 900#
spiral wound gasket that will compress
the gasket to a thickness of 3.30 mm £ 0.13
mm. Rather than measuring flange dis-
placement on the outer edge again (and to
reduce the effects of flange rotation), a pin
was inserted near the weld neck base as
shown in Figure 18. Measurements taken
at the pin were closer to the actual winding
thickness at the corresponding stress.

Figures 19 and 20 show the results
from the stress versus displacement
tests. In the low-density test, the gasket
was compressed 3.3 mm, which met
the compression requirements from
ASME B16.20-2007, but with a leakage
of about 1,400 ppm. In the high-density

Figure 13: Flange raised face contact imprint on
outer ring.

test, however, the 3.8 mm displacement
resulted in a failed test according to
ASME B16.20-2007, but the leakage rate
was < 10 ppm. These two tests exhibit
the problem when testing only for com-
pressibility instead of leakage.

Another requirement from the 2007 ver-
sion of ASME B16.20 was that ‘the filler
shall be essentially flush with, but not
below, the metal winding on both con-
tact faces of the gasket’. Gaskets were
tested with the filler flush with the metal
winding, as shown in Figure 21.

As shown in Figure 22, the high-density
gasket, which previously had low leak-
age even at low gasket seating stresses,
did not achieve the same levels of low
leakage until the gasket was compressed
to much higher seating stress. This sug-
gested that the filler must protrude be-
yond the metal windings to achieve op-
timum sealability at lower stress levels.

Figures 23 — 28 show the results from the
3" 150# gasket testing. This flange size is
known for its lower stress limits.The objec-
tive with this second set of tests was sim-
ply to perform a comparison against the
results of the 6” 900# high stress flange.

Similar to the results from the 6” 900#
spiral wound gasket tests, the 3” 150#
gaskets tend to have less leakage when
the sealing element had a higher wind-
ing density. The flanges never came in
contact with the outer ring either, which
is corroborated by the displacement val-
ues: all of which are greater than 3 mm.
Because of this, grooved outer ring test-
ing was not performed.

Conclusion

The sealing element’s winding density
is a fundamental parameter for spiral
wound gaskets. Low winding density is
always correlated with worse sealability
than the higher density windings.

Sealing Windings per
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Sealing Windings per

Density mm (in) Density mm (in)
A 0.818 (20.77) A 0.869 (22.07)
Low B 0.994 (25.25) Low B 0.994 (25.25)
C 1.132 (28.75) C 1.118 (28.40)
A 1.509 (38.33) A 1.491 (37.87)
High B 1.698 (43.13) High B 1.615 (41.02)
G 1.824 (46.33) G 1.863 (47.32)

Table 1: Test gaskets for the 6” 900# flange.

Table 2: Test gaskets for the 3” 150# flange.

Figure 6: Flexible graphite filler protrusion.

Test results for 6” 900#
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Figure 8: Low density —Type B.
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Figure 9: Low density —Type C.

Figure 14: Depiction of flange rotation.
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Figure 10: High density —Type A.
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Figure 11: High density — Type B.
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Figure 12: High density —Type C.

Figure 15: Outer ring groove.
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Figure 18: Measuring pin.

Figure 21: Flexible graphite filler flush with metallic windings.
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Figure 16: Low-density with grooved guide ring.

Figure 17: High-density with grooved guide ring.
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Figure 19: Low-density: stress vs. displacement.

Figure 20: High-density: stress vs. displacement.
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Figure 19: Low-density: stress vs. displacement.

Figure 20: High-density: stress vs. displacement.
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Figure 24: Low density —Type B. Figure 27: High density —Type B.
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Figure 25: Low density —Type C.

Figure 28: High density —Type C.
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Figure 22: High-density gasket with flush filler.

The results of this testing helped to
improve ASME B16.20: while the com-
pression test remains in ASME B16.20, it
has been altered such that the ‘finished
gasket will compress to a thickness no
less than 3.43 mm (0.135 in)" when sub-
jected to a uniform gasket stress. Previ-
ous versions of ASME B16.20 used low
bolt stress instead of gasket stress.

However, the big improvement was the
addition of the Performance Testing sec-

tion in ASME B16.20-2017. This test has a
leakage limit based on the circumferen-
tial length of the gasket’s outer diameter
and requires multiple readings after a
specified test pressure has been held for
a minimum of four hours.

These changes to B16.20 have the ability
to influence how manufacturers design
and produce spiral wound gaskets. Why
influence and not force? The ultimate
responsibility of the enforcement of this
standard does not lie with ASME. It is
the responsibility of the end user to in-
spect and test the gaskets they are us-
ing. Refineries and chemical plants that
are being tasked with reducing emis-
sions and eliminating HSE incidents can
lean on the research completed by Chev-
ron and TEADIT in 2011 and require that
all spiral wound gaskets that are used
in US facilities are tested to and pass all
elements of ASME B16.20-2017.
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