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ABSTRACT

The existing tables giving “m and y” values, usedhe
Taylor Forge method for bolted flange connections
calculation, have remained unchanged through y&ome
gasket types do not appear in these tables andference is
made to a Tightness Class associated to thesesvalhe
need for an update of the exiting tables has baised by the
supplier of French codes (CODAP® [1] and CODETI®[2

A survey about the recommended values of “m and y”
and their associated expected leakage rates fomgalsket
types available on the market has been performied.wWide
discrepancy in the test procedures and the gasieimeter
values showed the need for the development of anmm
test procedure.

The new test procedure giving tables of “m and afues
depending on the tightness class is presented [fére.
application of this procedure on several gaske¢gypead to
the publication of new tables for “m and y” valuesthe last
French codes revision.

NOMENCLATURE

A Parameter of the developed model (equation (3))

A, Gasket area [mmZ2]p

A, Inside area of gasket [mm?]

An The total required cross sectional area of baft]

a Exponent of gasket assembly-loading curve

B Parameter of the developed model (equation (3))

b Effective gasket width [mm]

C Parameter of the developed model (equation (3))

G Diameter of gasket load reaction [mm]

Gp Gasket property used to describe the assembly-
loading curve [MPa]

Gs Gasket property used to describe the unloadingecurv
[MPa]

K1z Ratio of the total required cross sectional aréa o
bolts in design condition to bolt-up condition
(equation (7)).

m Maintenance factor

ml Value of m at intercept of a specific leakagéera
value corresponding to a tightness class (Figure 7)

n Parameter of the developed model (equation (3))

P Internal pressure [MPa]

Qminy Minimum level of surface pressure required for

leakage rate class L on assembly [MPa]
QSniny Minimum level of surface pressure required for
leakage rate class L after off-loading [MPa]

S Allowable bolt stress at ambient temperature [MPa]

S Allowable bolt stress at design temperature [MPa]

Sl Value of initial gasket stresse for step | ok th
procedure (Figure 1) [MPa]

W Total fastener force [N]

W Minimum bolt load for design condition [N]

W2 Minimum bolt load for bolt-up condition [N]

y Yield factor [MPa]
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INTRODUCTION

The method for the design of bolted flange jointégas
gasket coefficients as inputs of the calculatioabl€s of
gasket coefficients exists for the different cadtidn method
as “m” and “y” according to Taylor Forge based noeit
Gy, Gs and a for the ASME BFJ new appendix oi{and
Qsmin for the European calculation method EN1591 [3].
Whereas the tabulated values for the two last nosth@ave
been obtained by performing tests according spetifi
existing procedures (ROTT [4] for,&s and a or EN13555
[5] for Qminw, Qsminw). the origin of the tabulated “m” and
“y" is less precisely identified and no official lich test
procedure is currently defined to generate thekeega

The need for an update of the exiting “m” and “gbles
has been raised by the SNCT (Syndicat National ae |
Chaudronnerie, de la Tuyauterie et de la maintemanc
industrielle), a French association, supplier ofe th
construction codes CODAP® [1] and CODETI® [2]. A &f
codes still use a Taylor Forge based method far flemge
assembly calculation section. Even the Europeardatd for
pressure vessels EN13445 [6] is still referringatdaylor
Forge based method in the body of the documentseake
EN1591 [3] is only introduced as an alternative hodtin a
specific annex. The initial request was concernithg
integration of new gasket types. Moreover, therade for
linking these updated values to tightness clasasalso been
emphasized during the project development.

In a first step, a survey about the recommendedegabf
“m and y” and their associated expected leakagss rédr the
gasket types available on the market, has beerorpeztl.
The wide discrepancy in the test procedures andy#siet
parameter values showed the need for the develdpofiem
common test procedure.

The new test procedure giving tables of “m and afues
depending on the tightness class has been applieg\ceral
gasket types. The updated tables have been publiahie
last revisions of [1] and [2].

DEFINITON OF “M” &"Y”

The standard for the determination of the “m” ayd “
values is ASTM F586 [7]. This standard initiallylpighed in
1979 and re-issued in 1989 has been withdrawn @8 1€th
no replacement. This document defines “y” and “n¥’ a
follows:

y=W/A ()
m=(W-A*P)/(A*P) @

With:
e W: Total fastener force [N]
* A Gasket area [mm?]
e A, Inside area of gasket [mm?Z]
* P: Internal pressure [MPa]

M

The equation (1) gives the value of “y” by dividing
the force value applied on the gasket by its cosgmeé area.
Equation (2) gives the value of “m” by dividing tHerce
applied on the gasket reduced with the end thrustef by
the compressed area of the gasket and the inferesdure.

SURVEY WITH GASKET MANUFACTURERS

In 2003, CETIM has first conducted a survey with
European gasket suppliers (27 firms) for recordimg “m”
and “y” values and test procedures used on a dalayo
basis.

An analysis of the answers received by 20 gasket
suppliers has been conducted using several critsidhe
gasket type, the gasket thickness, the test proeadterence
and/or condition (pressure, temperature, fluid,.Sgveral
levels of details have been taken into accountssué the
gasket type classification as the presence andlape of
metallic insert, the material of the filler andffrthe metallic
part, etc...

The analysis has shown a huge lack of homogeneity i
the procedures used to determine the gasket ceeitic For
example, the procedure parameters has revealedsthef
liquid (water) and gases (nitrogen, helium,...), adewi
variation in the testing pressures (less than 1tda80 bar)
and in the leak rate measurements method (bublbéetdm,
pressure decay, Helium mass spectrometry,...). Irescases
the procedures and conditions were not clearlyneefior the
given values were directly extracted from the éxgstables.

The lack of homogeneity in the test procedures lires
a wide spread in the “m” and “y” values within agm gasket
type, even after applying a correction of the measgwalues
in order to take into account the different tesiditions.

Due to the withdrawal of [7], there is a lack ofisig
valid procedure for the determination of “m” and %alues.
This leads to the impossibility to issue a revis@fngasket
coefficients based on the results of the surveyredeer, this
absence makes the comparison between several gashgt
difficult or practically impossible for the gaskeser. On the
basis of this analysis, developing a method forluatang
these coefficients seemed necessary.

The new test procedure proposed by CETIM (CEntre
Technique des Industries Mécaniques — TechnicatéEar
Mechanical Industry) aims at filling the lack of lida
procedure for the determination of "m" and "y" \edu The
objective is also to connect the obtained "m" ayidvalues

to tightness classes.
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DEFINITION OF ANEW TEST PROCEDURE

Test procedure principle

The proposed procedure consists in loading a gasket

various tightening levels and having it undergofedint
internal fluid pressure levels. The leak is meaduwat each
stress and pressure level. The procedure integgaeket
compression / decompression cycles so as to tal@iatof
both the seating and operating conditions. Thelflused is
helium, which is the reference gas for in-lab septests.

Test sequence

The test procedure involves helium leak
measurement for various gas pressures (P) andtgesdEses
(S). As shown in the diagram below (Figure 1), taesket
stress sequence enables to study the gasket sbaliagiour
at loading (gasket load increase) and unloadingk@aload
decrease) for several internal gas pressure values.

@Qim

"m" et "y" determination test sequence principle

w17

aske siress
- UNLOADING FROM S6

o

_ Looine S
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P4

Gasket stress / intemal gas pressure

P2
P1

Elapsed time

Figure 1 : Test procedure principle

Test rig

The tests can be performed using the ROTT [4] rigst
or any other compression press. The gasket leak igmt
measured using a flow meter, the pressure decather
helium mass spectrometry method depending on Hierkge
value.

Data analysis

rate

Applying the test sequence described in (Figure 1)

enables to get a leak rate value for each of theading steps
associated to the considered initial load (S1, &2,..).and
for each tested internal pressure value as showrednin

Figure 3. The leak rate values are given in mas$ un

3

normalized by the external diameter of the gasketessed
in mm (i.e. mg/s/mm).

TESTING MEASUREMENTS EXAMPLE
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Figure 3: Test measurements example

From the data measured during the test (Figureh®),
value for the ratio of the gasket stress / inteflugdl pressure
is plotted versus leak rate in a Log-Log format gaswn in
Figure 4).The measurements performed during unhgadrie
plotted in different colours depending on theittiali gasket
load value (S1, S2,...).

As defined in equation (1), the value of “y" is
corresponding to the initial gasket stress i.eth® values
refrenced S1,S2,...S6. The equation (2), defines asr'the
ratio of the gasket stress ([tightening force — ehtust
force]/gasket surface) divided by the internal dlgiressure.
So the graph shown in Figure 4 can be interpresedha
variation of “m” versus leak rate for several iaitigasket
stresses (S1 to S6).

Gasket stress / internal gas pressure ratio vs. Lea  k rate
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Figure 4: Gasket stress/internal pressure (« m »)veak
rate

For the next step of the data analysis, a modekHer
variation of “m” versus the leak rate is determirfed each
intial gasket stress (S1 to S6) as shown in Figurdhis
model enables to know the “m” value associated gvan
leak rate for each initial gasket stress level edstThe
selected model here involves the following relatimtween
the leak rate and the “m” value, but other modeinf® could
be investigated if necessary at this step:

LOG,,(L) = A+ B* (LOG, (M) +C)" (3)
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The values of A, B, C and n that enable the béistdi
are selected for each initial gasket stress. Foe th
determination of these parameters, a penalty onetiner
between the measured values and the model carphedato
the data points where the modelled leak rate i®tdvan the
measured one, in order to be more conservativeh@sn on
the green curve for S6 in the Figure 5.

modeling of "m" vs. Leak rate for each initial gasket stress
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Figure 5 : Modelling of “m” versus leak rate depeneénce
for each initial gasket stress.

Using the modelling explained above, the valuesnuf
for the specified leakage rate corresponding toTiigltness
Classes defined in Figure 6 are determined as shiown
Figure 7. This enables to generate a raw versiothef'y”
and “m” table depending on the leakage rate foheaitial
gasket stress level as shown in Figure 8.

. Tightness Leak rate
Tightness Type Class (mg/s/mm)
T1 2 E-01
ECONOMY T1.5 2 E-02
T2 2 E-03
STANDARD T2.5 2 E-04
T3 2 E-05
HIGH T3.5 2 E-06
T4 2 E-07
EXCEPTIONNAL T45 > E-08

Figure 6: Tightness Classes definition

‘modeling of "m" vs. Leak rate for each initial gasket stress‘
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model S1 model S2
model S5 model S6
Tightness class T2 Tightness class T2.5
Tightness class T4 Tightness class T4.5

model S3 model S4
- == Tightness class T1 Tightness class T1.5
Tightness class T3 Tightness class T3.5

Figure 7: Determination of the “m” values versus
Tightness Class for each initial gasket stress

TIGHTNESS TYPE ECONOMY STANDARD HIGH EXCEPTIONNAL

TIGHTNESS CLASS|  T1 TL5 T2 T25 T3 T35 T4 T45

Leak rate (mg/s/mm) | 2.00E-01 | 2.00E-02| 2.00E-03 | 2.00E-04 | 2.00E-05 | 2.00E-06 2.00E-07 | 2.00E-08

L S1 m1 m2

g S2 m1

g2 S3 m1 m2

58 S4 m1

=8 S5 mil m2

— S6 mil m2 m3 m4

The Tightness Class can not be reached with the defined value of initial gasket stress

Figure 8: « m » & « y » table model

USE OF THE NEW “M” & “Y” TABLES

New tables explanation

On the basis of the raw version of table (Figure &)
more user oriented version is issued as shown gar€&i9.
This new table gives several (y;m) pairs enablméutfil the
tightness criteria of the associated TightnessLlasissumes
that a pair valid for a tightness class is alsadvédr all the
lower tightness classes.

A colour code is also added in order to help ther us
choose between the available pairs.

The green cell indicates that the value of “y” ighwn
the typical range of initial stress for this gaskgte and that
the value of “m” is not too high.

The yellow cells indicates that either the initgdsket
stress is in the upper level area for the consitithre gasket
or that the high value of m will tend to generatieigh value
of bolt force for the design condition when perforg the
calculation.

The orange cells indicates that these data mustsbd
with special care to perform a calculation for @ldi
application where the parameters would be lessraited
than during the test in laboratory. They generaltiicate that
either the initial gasket stress is higher thantyipécal values
or that the induced “m” value is very high. The raga cells
suggest that the chosen gasket type may not bebdke
choice regarding the sealing performance requirésnand
that another gasket type should be investigatedptonize
the design.

The grey cells indicate that there is no availalalt.

T'GTHJF’,\‘EESS ECONOMY STANDARD HIGH EXCEPTIONNAL
TIGHTNESS]

CLASS T T15 T2 12,5 T3 T35 T4 T45
Leak rate |, 501 | 2.00E-02| 2.00E-03] 2.00E-04| 2.00E-05 | 2.00E-06 | 2.00E-07] 2.00E-08
(mg/s/mm)

(S1;m1) (S1,;m2)
- (53;32.3)
SzmD) .
?ﬁ,f: )E(; (S3im1) E5A) (S6;11.5) (S6;98.9)
G479
(S52.4)
(S6.17) (S6,34)

Recommended value Not recommended value
Possible value No available value
"

Figure 9: "m" and "y" table for the user
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Optimizing the choice of (y;m) pairs

As shown in Figure 9, several pairs of (y;m) areilable
for a given Tightness Class. For a given Tightr@lsss, the
greater the “y” value, the lower the “m” value. the
calculation, the value of “y” is governing the bddtad in
assembly condition (W) whereas the value of “m” is
governing the bolt load in design condition {)yas shown
in equations (4 & 5). The greater the value of Ws the
lower the value of \W;is.

The total required cross sectional area of boltg) (&
depending on the values of the minimum bolt loaddiesign
and bolt-up conditions (6). The aim of the optintiza is to
get the lowest value of Aenabling to fulfil the tightness
criteria. A, being defined as the maximum of two parameters
varying in an opposite way, its minimum value wike
reached when the values of the two parameters e t
closest. In order to quantify the proximity of teeswo
parameters, the variable Xs defined as the ratio of the first
parameter to the second (see equation (7)). Treewgtimal
(y;m) pair will be defined as the pair leading toadue of K,
as close as possible to 1.

So the choice of the (y;m) pair can be optimized
depending on which of the bolt-up or the designddion is
the most critical. This gives a flexibility on ttelculation
and can enable to reduce the bolt area or makexiating
assembly fulfil the criteria by choosing the bgsin)) pair.

W, =b*m*G*y 4
* *
w, =GP oipr g mr P 5)
Aﬂ:MAX W_ml,% (6)
S S
Klzzwiml Wy (7)
S/ S

EXAMPLES AND APPLICATIONS

The table below (Figure 10) gives result examplas f
specific tests performed on a fibre gasket andeaildle
graphite filled spiral wound gasket references.

The whole program has involved the major geneat fl
gasket types available on the market (
e Modified PTFE (2 and 3 mm thick)
» Fibre based (2 and 3mm)
» Flexible graphite (with metal inserts)
e Spiral wound gaskets (flexible graphite and
PTFE filler)
»  Kammprofile
» Metal-jacketed (covered or not)

The obtained tables values can be found in [1] and
[2]. A practical application of the new table vaduleas been
performed by using them on selected industrial $ase

5

calculations. The result of these calculations hasealed
lower mechanical stresses in the bolted flange ections for
13 cases on the 16 investigated by using the nblesaA
major reason for that is, the possibly of choodiegween
several (y;m) pairs for a given leak rate that ézmbo
optimize the design.

TABLE FOR (y[MPal.m)
STANDARD HIGH

TIGHTNESS TYPE ECONOMY EXCEPTIONNAL

TIGHTNESS CLASS T TL5 T2 T25 T3 T35 T4 T45

2.00E-01 2.00E-02 2.00E-03 2.00E-04

(20:14.2)
(40;7.9) (60;32.3)

Leak rate (mg/s/mm) 2.00E-05 2.00E-06 2.00E-07 2.00E-08

FIBRE (20:25) (100143 1 (160.115) | (160:98.9)

(80.7.9)
(1002.4)
(160.1.7) | (160:3.4)
GRAPHITE FILLED (20:8) (80:7)
SPIRAL WOUND (40:4) .
GASKET (60:2.5) (160:4)

(60;2.7)

(120:8)

(y;m): y value in (MPa)

Recommended value Not recommended value
Possible value No available value

Figure 10: Result table example

CONCLUSION

Due to the withdrawal of [7], there is currentliaak
of existing valid procedure for the determinatidri‘m” and

y” values. This results in a huge heterogeneitythia used
procedures and the associated “m” and “y” valuestddver,
the comparison between several gaskets is vericuliffor
practically impossible for the gasket user

CETIM has developed a new test procedure enabling
to link the values of “m & y” to Tightness Classekhis
procedure has been applied on the major typesabfjfisket
to update the exiting “m & y” tables in the lasvigons of
CODAP® [1] and CODETI® [2].

Moreover, the proposed procedure is offering the
possibility of choosing between several (y;m) paifvalues
for a required Tightness Class. It is to be notext tthat for a
given Tightness Class, the greater the value ofthg lower
the value of “m”. This choice between several (ygnables
to optimize the bolted flange assembly calculation.
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