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ABSTRACT

A flange joint is a pipe connection used to prevent the leakage of high-pressure fluids by inserting a
gasket and tightening the bolts. Among several kinds of gaskets available, metal ring type joint gaskets are
most widely used in conditions that require high-temperature and high-pressure fluid flow, such as oil
pipelines, gas pipes, pumps, valve joints, etc. The purpose of this study is to investigate the contact pressure
and stress characteristics closely related to the sealing performance of Class 900 flange joints used in high
temperature and high pressure environments. The dimensions of flange joints with five different nominal pipe
sizes were determined with reference to those specified in ASME 16.5. The metal ring gaskets inserted in the
joints were octagonal and oval gaskets. The bolt tensile forces calculated from the tightening torques were
input as the bolt pretension loads in order to determine the contact pressure and stress levels after fastening.
Loading was composed of three steps, including the fastening step, and different amounts of applied pressures
were used in each analysis to investigate the effect of fluid pressure on the contact force of the joints. A
general-purpose software, ANSYS 17.2, was used for the analysis.

Key Words : Flange Joint(ZZMX| Z=QIE), Metal Ring Gasket(2Z5 & 7HAZ!), Contact Pressure(TZE =),
Bolt Pretension Load(2E 0 &2]), Sealing Performance(Z& A&S)
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Table 1 Types of flange joints for the analysis

NPS L\Ifugl:]: Bolt size Torque(N-m)
8 12 1" 915
12 20 1" 995
16 20 134" 1755
20 20 20" 3040
24 20 2%" 3920

- 35—

= A

ﬂ/\ﬂ



fls B
=]

S

g Jh2=zle] AYE Class 900 S:A] ZRJAEL ATl #3F AT : I71AVEE3A, 174, A1E

FHrEo] WA, WEde] Holu A2 AEE
ot Rl fHEE FEA FE AMEHIL
At E=ZF STS3472 WA Aol A ArEA 4t
=7l A 3HY 128 MzFHo B ZJE
(expansion joint) Tl @&l ARE-FIL Tk Table 2
= o] F A= g EAAE YeRA Hojth
Fig. 2& Aol A8 feteirde] HPHQl
s gddiE M=A 2 A ZAE Aot

om, AF WgFoz 758t hAHE 7HA
vz AR 2do 1/nhd EE FHE 5
A

xR 2 9 ot

Table 2 Material properties of the flange joints

Item STS304 | STS347
Density(kg/m®) 7850 8000
Young’s modulus(GPa) 193 195
Poisson’s ratio 0.29 0.27
Yield strength(MPa) 215 205
Tangent modulus(GPa) 1.8 1.45

Fig. 2 Typical finite element model of the flange
joint
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Fig. 3 Boundary conditions applied to the flange
joint(NPS 8, oval gasket)
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(a) octagonal gasket
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(b) oval gasket

Fig. 4 Stress distributions of NPS 8 flange joints
(bolt pretension load only)
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Fig. 7 Principal stress of the oval gasket(NPS 8)
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(b) oval gasket

Fig. 8 Contact pressure of NPS 8 ring gaskets
(bolt pretension load only)

»—%%}; TEAQl HEo|X HZo] wt
st H HEREL 8
Su) Z7H3E 665 MPaE UE}
ZRIEV fAZRE dEs e
TR 2 BE 041%?2‘1
L

N
rlo
iR

7| %k
™, Z a5 =l

= R - e 4
)

=
e SdsAl UeRgte
Aste HY HEUZES Table 39 st U
Elfiglth O AxE AvEd, $¥7 riiRE
Bl Ffxglol TAshs Ao HEUHe) 874y
2ok ¢ 24 JeEbdS 31 5 ok =3 F
A 3tF ZHolA F AxFlo BASE HEFUH
HlE Aol dASHA YR, NPT 16 |8k =<2
ol A oF 1.4~1.5¥19] ZtS zt= WA NPT 20 ©]
Fo] EMME 1 ¥7F F7lske] 1.8~1.992
zh= Ao g Uehith o9 7o BYdE A
279 Ee HEYYe ZES Wi FAHZA
95 YA, tge] e WA FF o
2Hg3Fo A A (creep)olt F =l o7 I F
o7 AR gHo] vEE 1 gt o3I A4
2 HAFo] Y& wHd kFHoZ o]FojAH
2" F 9orn= 3

HAE HAA S AES] 98t FoR st =4

> B oox m
o

N

Yo

, o=

— 30 —



T4 8 M2Ae] A4UH Class 900 Zeix] ZJAEQ A

ol
2
ry
o
2

T VI AE A, A7, AlE

Table 3 Maximum contact pressure of the flange
joints (unit : MPa)

Loading conditions
NPS Gta;sblzet No Operating | Design
pressure | pressure | pressure
% octa. 452 420 400
oval 665 631 587
2 octa. 487 471 459
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oval 658 627 588
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