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TEST PROGRAM

One Hot Operational Tightness Test, called HOTT, was performed with 5 days of aging in
Heliumat 800 psig on SELCOSeal 4" cl150 Ib 316SS/GORE-TEXgasket at 500°F at the
Tightness Testing and Research Laboratory of the Ecole Polytechnique. This report
summarizes the HOTT test procedure and the results.

HOTT TEST PURPOSE

The Hot Operational Tightness Test( HOTT)extends the PVRC ROom Temperature Tightness
test (ROTT)concept to elevated temperatures up to 12000F (650°C). The HOTT test realistically
reproduces pressures, bolt loads and temperatures used in process and power plants. The test
procedure involves initialcompression at room temperature (simulation of bolt-up), aging (3 days
or more in Air, Nitrogenor Helium)under creep-relaxationconditions, and attempted blow-out and
thermal disturbance cycles. The latter are essential because they create a thermal gradient which
induces a radial shear across the thickness of the gasket. This is a severe condition that proves
the integrity of the gasket at the end of a realistic aging period.
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ESTABLISHMENT OF TEST CONDITIONS

For some sheet gasket products, HOTT test conditions can be chosen on the basis of the
work done for the PVRCon the service life of these materials (HATR results) and from
manufacturer and user field experience data available to date.

The conditions for the HOTT test performed on the SElCO Seal 4" cI 150 Ib 316SS/GORE-
TEX gasket product was specified by OLINCHEMICALS. These conditions are one test at
500°F with 5-days aging under 800 psig He pressure.

SPECIMEN

The SElCO Seal 4" cI 150 Ib SS/GORE-TEX gasket sample was provided by SEALING
CORPORATION,to the dimensions as defined in the proposed ASTM Draft No.9 for ROTT
testing of non-sheet gasketing materials: 4.5 in. IDx 6.88 in. OD. Our laboratory test code
for this material is SS01.

HOTT TEST PROCEDURE

The HOTT test can be described as being a four step procedure. The first step consists of
seating the gasket by conducting a R.T. loading. The second step is to subject a cycle of
loading-unloading. The second step is to heat the gasket to the desired target temperature.
In the third step, the gasket is submitted to several days of aging at elevated temperature
under simulated actual flange operating conditions, including joint creep/relaxation and
thermal and stress disturbances.

The details of the HOTT test procedure are as follows:

Step 1 - Gasket seating (see Fig. 1):

The gasket, inserted between two platens (with a surface finish of 250 AARH), is loaded
up in three steps (gasket compression stress levels S 1, S2 and S3) up to the required
seating stress (S3). At each stress level, leakage is measured with the required gas at
400 and 800 psig. The typical seating stress for a standard HOTT test is 8090 psi. The
first stress level S 1 is 1025 psi. The stress level S2 is the intermediate value between
S1 and S3. If the seating stress S3 equals 8090 psi, then S2 equals 4560 psi. If the
required seating stress S3 is 5000 psi, then S2 equals 3010 psi.

Step 2 - R. T. unload-reload cycle

After seating the gasket at the stress level of S3 (8090 psi), it is unloaded in steps to
S1 (1025 psi) and reloaded in steps to S3. At each stress level step, leakage is
measured with gas pressure being at 800 psig. This cycle of the HOTTtest is useful
to see the effect of temperature on the leakage results.

Step 3 - Gasket heat-up

Hp.<1t-llp IInnp.r r.omprp.~~ion:

The gasket is first loaded up to 8090 psi (S3). It is next heated to target
temperature with gas pressurized at 800 psig. The heating phase can be
performed at constant stress or while the rigidity behaviour of a joint is simulated
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by software control of bolt load vs gasket deflection. In this test program, heating
was done under constant stress because of fair of an early blow-out. Software
control of bolt load, using a rigidity value of 3.36 x 106 Ib/in is detailed in section
"Test Rig Features".

Step 4 - Aging of gasket under simulated actual flange operating conditions

LJnrlisturherl aging IJnrler r.reep\relt'lxt'ltion r.onrlition:
The creep\relaxation condition can be achieved by different methods (see section
"Test Rig Features"). In this test program, it was achieved by locking the nuts of
the eight bolts of the UGR rig while the compressive stress was at 53 (8090 psi).
The gasket is then left undisturbed for the required period of time. Gas leakage
is measured throughout this step.

Stress r.yding with thermal rlisturht'lnr.e:
At the end of the undisturbed aging period, the gasket is unloaded to 1025 psi
(51) and reloaded to 51.5 (2790 psi). The gasket is then submitted to a thermal
disturbance produced by creating a thermal gradient between the top and bottom
gasket compression platens. The detailed procedure is as follows: cool down
gasket of approx. 180°F to 320°F, heat only bottom gasket loading platen (at
max. capacity), wait until the maximum achievable temperature gradient between
platens is reached (estimated to approx. 100°F to 120°F), then bring platens
temperature back to desired value. After the thermal disturbance is completed, the
gasket is again unloaded to S 1 and reloaded to S3 (or to the initial stress level of
the cycle). Gas leakage is measured throughout this step.

Note: Normally it takes a day to run a stress and thermal disturbance cycle and
there are two such cycles in a HOTT test. Between the two disturbance
cycles or overnight, the gasket is usually maintained in the creep\relaxation
mode.

TEST RIG FEATURES

A specially designed tightness test rig, the UGR (Universal Gasket Rig) which accurately
controls load, deformation, internal pressure and temperature is used to conduct the HOTT
test. All important parameters are continuously monitored.

Leakage measurements

With the UGR, leakage measurements are performed using the pressure decay method. The
pressure decay method can measure leakage values down to 0.00005 mg/sec of Helium (or
0.00025 mg/s of Air) with reliability, although lower values of leakage of 0.00003 can
sometimes be obtained. A 0.00003 mg/sec leak corresponds to a Tp of around 10000 for
an internal gas pressure of 800 psig.

Control operating modes

In the UGR, loading of the gasket is achieved using bolts and hydraulic bolt tensioners. It
has several other load control operating modes. One mode is obtained by locking the nuts
of the bolts at the desired stress level (this however can only be done if the rig temperature
is in steady state) and removing the hydraulic pressure in the tensioners (see note below).
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The gasket is then in a creep/relaxation condition. It is submitted to the inherent rigidity
of the rig, estimated at 3.36 x 106 Ib/in (which means 3 360 000 Ib of load relaxation per
inch of gasket deflection). It is important to note that the heating of the gasket should not
be done on the UGR while the nuts of the bolts are locked, because of possible additional
gasket compression produced by the thermal expansion of the rig centre core during heating
phase.

A joint creep/relaxation condition can also be achieved by constantly adjusting the total bolt
load to the gasket deflection according to a given axial rigidity value (for example, 5.0 x 106
Ib/in, which means 5 000 000 Ib of load relaxation per inch of gasket deflection). This
control mode is done by software and is referred to as "the joint rigidity simulation control
mode". The axial rigidity behaviour of any specific type, size and class of flanges can be
simulated. This control mode can also be used during the heating of the gasket. In this test
program, heating was done under stress control mode with the stress being around 8090
psi.

Note: The locking of the nuts of the eight bolts of the UGR, under load, followed by the
removal of the hydraulic pressure in the bolt tensioners, is always accompanied by
some loss of load in the bolts due to elasticity and play in the threads of the nuts
and bolts. The reduction in gasket compressive stress is around 500 psi.
Similarly, it is necessary to stretch the bolts with the tensioners in order to unlock
the nuts. This increases the gasket compressive stress, by roughly 500 psi.

ON GASKET LOAD AND GASKET STRESS

Gasket stress is computed using the initial gasket area (before loading). Any increase in
gasket area upon loading is not taken into account in the computation.

In the UGR test machine, the tested gasket sample is loaded between two platens. The
platens have a raised face of 6-3/16 in. OD (with no inside diameter). Gasket stress values
in the HOTT test are computed based on the initial gasket area (before loading). For this
gasket type the stress calculations were based on a loaded area of 8.44 in2. Any increase
in gasket area upon loading due to the Poisson's effect and thermal expansion, is not
accounted for. Since the initial area of the SELCOSeal 4" cI 150 Ib 316SS/GORE- TEX
specimen is approximately 8.44 in2(computation based on 5.25 in. ID and 6.19 in. aD), the
following loads (in Ib) were applied to reach the S 1, S 1.5, S2 and S3 stress levels: 8650,
23560, 38500, and 68300.

TEST RESULTS

~ An overview of the test results is presented graphically by Figs. 1 and 2:

- Fig. 1 is a plot whichshows the evolution in the test parameters and results for the
entire HaTT test. Gasket stress, average platen temperature, gas pressure, gasket
deflection and gasket leakage are plotted against time (leakage results are plotted
in the form of log value of the mass leak rate). A complete picture of the HaTT
tests is therefore represented in this figure.

- Fig. 2 is a plot that shows the relationship between the gasket stress, Sg, and
gasket deflection, Dg, for the entire HOTT test. The correspondence to the different
steps of the HaTT test of the Sg-Dg curve, is indicated in the same figure.



5

~ Figs. 3 and 4 are plots of Gasket Stress, Sg, versus the Tightness Parameter, Tp, on
log-log scales. These plots are called Sg-Tp graphs (see Appendix 1 for the definition
of the Tightness Parameter, Tp):

- Fig. 3 reports the tightness results obtained for the entire HOTT test.

- Fig. 4 reports the tightness results of the aging phase presented already in Fig. 3 but
in a more detailed fashion. In this figure, the effects of the undisturbed aging (in
creep\relaxation) and the thermal disturbances on tightness are clearly presented.

~ Table 1 summarizes the key results of the behaviour of the gasket in the three HOTT
test.

RESULTS AND ANALYSIS (see Table 1 for summary)

The R. T. gasket seating and stress cycling

~ In the R.T. loading phase simulating the gasket seating condition, Tp values of 6, 234
and 8867 were measured at the stress levels S 1 = 1025, 52 = 4560 and S3 = 8090 psi
respectively.

~ Once a gasket is seated, how well it can retain tightness while it is unloaded and
reloaded is the important aspect of its leakage behaviour since unloading can occur in
a bolted joint due to pressure, creep/relaxation of its components (gasket and bolts),
and other causes related to thermal effects such as the difference in the thermal

dilatation of the joint components and the thermal degradation of the gasket. In the
R.T. stress cycling (unload-reload cycle), Tp values of 148, 3810 and 9289 were
obtained at S1, S2 and S3 stress levels respectively (Fig. 4).

~ The SELCOSeal 4" cI 150 Ib 316SS/GORE- TEX gasket recovered around 1.4 mils of
deflection when unloaded from 8090 psi (S3) to 1025 psi (S1) during the first R.T.
unloading (Fig. 2).

Heating

~ At the end of the R.T. gasket seating and stress cycling, with a stress level S3 (8090
psi), the gasket was heated to the specified temperature of 500°F under software
control of joint axial rigidity behaviour. A loss of 1000 psi of gasket stress during the
heating process was encountered, as can be seen from Figs. 1 and 2. The gasket
stress was then 7132 psi.

Aging phase

Undi!':turhed aging pp.rind under the r.rep.p\rp.laxatinn r.nnditinn

~ Once the target temperature was reached, the gasket stress was increased by around
500 psi. The nuts of the eight UGR rig bolts were locked and the hydraulic pressure
in the bolt tensioners was relieved. The gasket stress dropped to approximately 7239
psi (see note in "Test Rig Features" for an explanation of this behaviour). At this point
the gasket was considered as being at the start of the aging phase. The gasket was
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left undisturbed, at the target temperature, for 3 days. During this period, gasket
leakage rate was monitored for half an hour every 2.5 hours. The leak rate
measurements were too small to be detected by the UGR leakage measuring system
«0.00003 mg/s). Therefore, it could be said that the tightness of the SELCO Seal 4"
cI 150 Ib 316SS/GORE- TEX was greater than 10000. The tightness for the entire HOTT
test can be observed on Fig. 1 where the log of lP.rlkrlgP.is plotted against time.

. The gasket was able to maintain its load during the undisturbed aging period since
hardly any gasket stress relaxation was observed. In fact, the maximum decrease in
gasket stress was less than 60 psi (see Fig. 1 and Table 1b).

Strp.ss rlnn thp.rmrll rlisturhrlncp. cyclp.s

. On the 4th day of aging, the nuts of the UGR bolts were unlocked to run the first
stress and thermal disturbance cycle. The tightness results for the entire test can be
observed in Fig. 3. The lowest tightness value measured in the unload-reload cycles
of the 4th day was 168 obtained at S 1. A second stress and thermal disturbance cycle
was conducted on the 5th day. As a result, the lowest value of tightness measured
during the stress cycles of this 5th day was 251 also obtained at S 1. The tightness of
the gasket at S3 and S4 stress levels could not be measured because of the capacity
limit of the leak rate measuring system. Notwithstanding, the measurable tightness
behaviour during the unload-reload cycles after the thermal disturbance of both the 4th
and 5th days look Quite similar.

. Figs. 4 allows a clear and direct comparison of the tightness results obtained in the
unload-reload cycles associated to the thermal disturbances of the 4th and 5th days.
This figure put a strong emphasis on the effect of aging on the tightness resistance
of the gasket at elevated temperature.

. The gasket recovered around 0.9 mils of deflection when unloaded to 1025 psi (S1)
during the last unloading at the end of the tests (Fig. 2).

DISCUSSION

From the results obtained in this HOTT test, it can be said that the gasket exhibits good
tightness performance at high stress. Tightness is seen to improve appreciably as the
temperature is increased to 500°F. At the 53 stress level or thereabout, leak rate could not
be detected because of the limit of the UGR leakage measuring capacity. However, when
the stress is reduced to S1 stress level, the gasket becomes sensitive to stress excursions
and cannot maintain as good its sealing capacity. This is believed to be caused by the low
elastic recovery resulting from the flattening of the corrugations which increases the gasket
rigidity and makes the slope of the stress deflection curve steeper (1J. The flattening of the
corrugation occurs at the approximate gasket stress level of 4500 psi. During the heating
phase to 500°F which lasted about an hour, the gasket stress relaxed only by about 900
psi to reach a value of 7239 psi. The resulting creep deflection is only 2.5 mils and is due
to the softening of the corrugated metal carrier and the Goretex material. The gasket
showed very good short term relaxation resistance when left at the exposure temperature
for 3 days since its stress decreased by only 60 psi.
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According to the Tightness Quality Parameter Qt" which is' used in gauging HOTT test
performance as per the new PVRC/MTIgasket performance characterization technology [2,3),
it can be seen from Figs. 3 and 4 that the SELCO Seal 4" cI 150 Ib 316SS/GORE- TEX has
successfully passed the test. During all time, the tightness of this gasket was greater than
the acceptable tightness of Tp = 32 for tests performed in pressurized helium.

During aging and before subjecting the gaskets to the any stress and thermal disturbances,
the gasket tightness was beyond the resolution capacity of the leak rate measuring system
(Tp> 10000). Also, it could be said that the gasket recovered the same tightness during
both stress cycles after the two thermal disturbances. The lowest value of tightness
measured during the entire aging phase was 168 measured at the stress level S 1 after the
first thermal disturbance.
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TABLE 1 - KEY HOTT RESULTS OF SELCO SEAL 4" cl150 316SS/GORE-TEX AT 500°F

Table 1a - General test results

Note 1: Thickness recovery is measured upon unloading from 53 to S1.
N/A: Not applicable

R/L: Resolution limit of the UGR leak rate measuring system reached (Tp> 10000)

Table 1b - Results of undisturbed aging part in creep/relaxation at 500 of

Tightness
Gasket stress

(psi)

Beginning of undisturbed aging I
End of undisturbed aging I

R/L

R/L

7239

7179

Table 1c - Tightness results of disturbed aging

Note 2: Upper stress level is S3 or close to S3,
Lower stress level is S 1.

Tp at stress levels during Thickness
HOTT test loading phase:

recovery1

S1 S2 53 after cycling

R.T. loading 6 234 8867 N/A

R.T. stress cyclina 148 3810 9289 1.4 mils

after 2nd stress and
272 4314 R/L 0.9 milsthermal disturbance

Tp at upper Tp at lower
stress level2 stress level2

1st thermal before R/L 275

disturbance after R/L 168

2nd thermal before R/L 251

disturbance after R/L 272



HOTT ON SELCO SEAL 4" cl150 Ib SS/GORETEX, 5 DAYS @500°F, He @800 PSIG
Evolution of Test Parameters and Results During Test

10

- ~ R.T. loading
,,~R.T. stress cycling

8 +11-~"'\' "\
Locking of nuts and aging in
creep relaxation ~I I'" ~I I

~
(1)-
(1)

E
E
C'IS

0.-
III
(1)I-
"C
~
0
:t:
C
0
:E

'_.1.

\-/ Heat:ng to 500°F 1st stre.ss and thermal ~/ r I O~ernight
cycle disturbance -' agmg

r ~
: Loss of gasket stress \ J - / ,r
r during heating 2nd stress and thermal +1- \ I

2 4Fir ... ... ... cycle di~urbance.. U .. I.I I

DI

IW' - - -- - --- --- --- --- -, - --- --- -- - --- ---- -- --- -- - --- --- -- - -- - -- - ---- -- -- - -------
0 I. . ~ '-'---------. . . , . . . . , . . . . , . . - -. - . ---------

6

4

20 40 60 80 100
0

Gas pressure (Ksi)

Temperature (OF)/100

- Gasket Stress (Ksi)

---Gasket Deflection (in)x100

0 Log of Leak (mg/s)

0

: 1 ~
4:>0

Iss01 HT01 I
-6

0

00 0
00 0 0

Gasket dim.(in): "Di=" 5.250

Elapsed Time, (Hours)

Figure 1

120
1tO

000

0
0

"00=" 6.190 "Tgi=".0610



9000

8000

7000

6000-
'iij
Co-
iii 5000
en
e-
en
Q) 4000
~
en
C'I:S

C)
3000

2000

1000

HOTT ON SELCO SEAL 4" cl150 Ib SS/GORETEX, 5 DAYS @ 500°F, He @ 800 PSIG
Gasket Stress vs Gasket Deflection

Gasket dim.(in): "Di=" 5.250 "00=" 6.190 "Tgi=".0610

- R.T. loading & stress cycling

Heating & aging

0
0 0.005

Loss of gasket stress
during heating

Increase/loss of gasket
stress upon locking the

,--

R.T. stress cycling

1st and 2nd stress and

thermal cycle disturbances

0.01 0.015 0.02

Gasket Deflection, (in)

Figure 2

0.025

ISS01HT01 I

0.03 0.035



((;

100000

HOTT ON SELCO SEAL 4" cl150 Ib SS/GORETEX, 5 DAYS @500°F, He @800 PSIG
Gasket Stress vs Tightness for Entire Test
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HOTT ON SELCO SEAL 4" cl150 Ib SS/GORETEX, 5 DAYS @ 500°F, He @ 800 PSIG
Gasket Stress vs Tightness (Effect of Aging)
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Appendix 1 -Tightness Parameter, Tp: Definition

Any specific measure of mass leak rate is strongly correlated to the applied fluid pressure.
To permit the comparison of the leakage behaviour of gaskets tested at different fluid
pressures, the effect of pressure must be taken into account. This has led to the definition
of a non-dimensional Tightness Parameter, Tp, which relates a given measured value of leak
rate to the pressure at which this leak rate was actually obtained:

Tp = ~
(

Lrm'
)

0.5

p. Lrm

where: P
p'
Lrm
Lrm'

= Fluid pressure (MPa or psig)
= Reference pressure (0.101 MPa or 14.7 psig)
= Mass Leak Rate (mg/s)
= Unit Mass Leak Rate (1 mg/s for a 150 mm OD

gasket in a joint).

In other words, Tpwas developed so that at a given state of condition of a gasket, the same
tightness value be obtained whether leakage is measured with fluid pressurized at 200, 400,
800 psig or any other pressure.

Tp is proportional to pressure and inversely proportional to the square root of leak rate.
More precisely, Tp can be thought of as the number of atmospheres required to cause a
helium leak of 1 mg/sec for a 150 mm gasket OD in a joint. Since this is about the same
as the OD an NPS 4 in. joint, the pressure to cause a leak of 1 mg/sec of helium for that
joint is its tightness. A higher value of Tpmeans a tighter joint. Because of the square root,
a joint that is 10 times tighter leaks 100 times less.


