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A Study on the Contact Characteristics of

Bolt Flange Connections with metallic gasket

Min-Young Lee

Department of Mechanical Design Engineering
Graduate School

Pukyong National University

Abstract

Flange joint to provide a seal is constructed by inserting a gasket between the two
flanges and fastening them with bolts. The gaskets can be divided into four different
categories, such as sheet gaskets, corrugated metal gaskets, ring gaskets and spiral
wound gaskets. Among them, the ring gaskets, known as the Ring Type Joint(RTJ),
are mostly used in offshore oil and gas pipelines and are designed to work under
extremely high pressure. They are solid rings of metal in different cross sections like
oval, round, octagonal etc.

Since the performance of flange joint is determined by the strength and sealing
capability, it is necessary to conduct the research for the behavior characteristics and
the contact pressure between the flange and the gasket, in order to investigate
whether the joint is able to play a role under the given conditions.

In the flange connection, it is important to maintain the appropriate contact pressure,
since while the insufficient bolt tightening force reduces the sealing capability, the
excessive clamping force makes shorten the service life of the connection.

In this study, finite element analysis on the contact characteristics of flange joints



for CLASS 600 and CLASS 900 specified in ASME 16.5, which are widely used in
the industry, was carried out in order to obtain the basic information for product
development and management for the unexpected failure. First, the contact force and
stress levels after the gasket was bolted up in the flange were examined for five
models in each CLASS, and then the changes in the behavior characteristics and the
contact force due to internal pressure were investigated to compare with previous
results.

As a result, the maximum contact pressure of the oval type ring gasket is higher
than that of the octagonal type ring gasket, because of the difference of the contact
surface area. However, the octagonal type gasket, which has a relatively large contact
area, is supposed to be more reliable from the contact stability point of view. Also,
the results reveal that the maximum stress levels are slightly decreased after the fluid

pressure acts upon the inner surfaces of the flange joint.
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Fig. 3-1 Assembled geometry of a flange joint
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Table 1. Specification of class 600 flanges

slip-on flange

Number
NPS 0) B 123 Y w Bolt Size
of bolts
8 420 221.5 55.6 76 349.2 12 Lia
12 560 327 66.7 92 489.0 20 138
16 685 410.5 76.2 106 603.2 20 Isis
20 815 513.1 88.9 127 723.9 24 134
24 940 616 101.6 140 838.2 24 2
Table 2. Specification of class 900 flanges
Number
NPS O B 123 Y W Bolt Size
of bolts
8 470 221.5 63.5 102 393.7 12 11z
12 610 327 79.4 117 533.4 20 11
16 705 410.5 88.9 133 616 20 134
20 855 513.1 108 159 749.3 20 218
24 1040 616 139.7 203 901.7 20 2578
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¥

Fig. 3-3 Sectional geometry of metal ring

gaskets

Table 3. Specification of gasket on CLASS 600

HEIGHT OF RING
NPS A B, = C F E
8 11.1 17.5 15.9 7.7 11.9 7.9
12 11.1 17.5 15.9 7.7 11.9 7.9
16 11.1 17.5 15.9 7.7 11.9 7.9
20 12.7 19.1 17.5 8.7 13.5 9.5
24 15.9 22.2 20.7 10.5 16.7 11.1
Table 4. Specification of gasket on CLASS 900
HEIGHT OF RING
NPS A B, H C F E
8 11.1 17.5 15.9 7.7 11.9 7.9
12 11.1 17.5 15.9 7.7 11.9 7.9
16 15.9 22.2 20.7 10.5 16.7 11.1
20 19.1 25.4 23.8 12.3 19.8 12.7
24 25.4 334 31.8 17.3 27.0 15.9
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Fig. 3-5 Finite element model of a flange joint
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Table. 5 Number of elements and nodes(CLASS 600 octagonal type)

Model

Number of elements

Number of nodes

flange gasket flange gasket
8 43200 21827 50848 25900
12 51202 41241 60044 46380
16 88806 51684 101297 57868
20 114325 60060 129357 69888
24 125535 61698 143790 71760

Table. 6 Number of elements and nodes(CLASS 600 oval type)

Model

Number of elements

Number of nodes

flange gasket flange gasket
8 43200 32976 50848 38106
12 51202 58620 60044 63928
16 88806 71040 101297 77400
20 114325 80657 129357 92235
24 125535 99508 143790 109848

Table. 7 Number of elements and nodes(CLASS 900 octagonal type)

Number of elements

Number of nodes

Model flange gasket flange gasket
8 50301 22464 56789 26572
12 73491 41241 84685 46380
16 115894 46065 130898 50036
20 101392 48944 114998 55800
24 141152 58108 158470 64972

Table. 8 Number of elements and nodes(CLASS 900 oval type)

Number of elements

Number of nodes

Model flange gasket flange gasket
8 50301 24984 50301 29200
12 73491 57600 73491 62952
16 115894 72061 115894 82080
20 101392 88412 101392 96720
24 141152 97820 141152 111555
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Table. 9 Material properties of SUS304 and SS347
Item SUS304 SS347
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
250 T T T T T 250 T T T T T
SUS 304 $5347
200 - ﬁ/’// 1 200 |- 1 | | 1
& 150 - g & 150 .
z :
g’wow B ‘émok 4
2] 2]
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Fig. 3-6 Stress-strain curves of two materials
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Table. 10 Bolt pretension loads according to the tightening torques
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Fig. 3-7 Surfaces subjected to pressure loading
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Fig. 3-8 Load steps used in the analysis(CLASS 900)

A: Static Structural
Static Structural
Time: 1. s

. Frictionless Support

Bl Bolt Pretension: 51202 N
Bl Bolt Pretension 2: 51202 N
B Pressure: 0. MPa

E  Displacement

Fig. 3-9 Applied boundary conditions to the

(class 900, NPS 8)

_23_

flange joint




2 Ao wuyy] WEolth dH RES TAX7F AEeh PR e
271e, BEo) Aol F43FoR ALHEE YT bond) 21

_24_



Frictionless - Partl To Partl

Bl Frictionless - Partl To Partl
B Frictionless - Partl To Partl

Fig. 3-11 Contact conditions between the flange groove and the gasket
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A: Class 600 Octagonal 16
Total Deformation 2

Type: Total Deformation
Unit: mm

Time: 1

0.94763 Max
0.8838
0.81997
0.75614

| 069231

| 0.62848

. 056466

» 0.50083

Y 0437
0.37317
0.30924
0.24551
0.18168
0.11785
0.05402 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Total Deformation 2
Type: Total Deformation
Unit: mm

Time: 1

0.70326 Max
0.65351

! 060376

| 055402

| 050427

| 045452
040478
0.35503

B 030528

| 0.25554

| 020579
0.15605
0.1063
0.056553
0.0068062 Min

(b) oval type(NPS 8)
Fig. 4-1 Total Deformation of the flange joints
(CLASS 600, No pressure)
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A: Class 600 Octagonal 16
Total Deformation 3

Type: Total Defarmation
Unit; mm

Time: 3

0.94915 Max
0.88478
| 0.82041
| 0.75605
| 069168
| 062732
056295
049858
B 043422
- 0.36985
" 030549
024112
017675
0.11239
0.048021 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Total Deformation 3
Type: Total Defarmation
Unit; mm

Time: 3

0.70589 Max
0.65593

' 060598

* 0.55603
050608

- 045612
040617
0.35622
0.30627

o 0.25631
0.20636
015641
0.10646
0.056504
0.0065518 Min

(b) oval type(NPS 8)
Fig. 4-2 Total Deformation of the flange joints
(CLASS 600, Operating pressure)
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A: Class 600 Octagonal 16
Total Deformation

Type: Total Deformation
Unit: mm

Time: 5

0.96501 Max
0.89843
| 083185
|

| 0.76527
| 069868
| 08321
056552
049834
| 043236
036578
| 0.2992
0.23262
0.16603
0.099454
0.032872 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Total Deformation
Type: Total Defarmation
Unit: mm

Time: 5

0.71288 Max
0.6622

| 061152

| 056084

| 051016

| 045948
04088
0.35812

B 030744

- 0.25676

| 020608
0.1554
0.10472
0.054037
0.0033569 Min

(b) oval type(NPS 8)
Fig. 4-3 Total Deformation of the flange joints
(CLASS 600, Design pressure)
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A: Class 600 Octagonal 16
Total Deformation 4

Type: Total Deformation
Unit; mm

Time: 1

0.36192 Max
0.33993
' 031794

029594
— 027395
025196
0.229%
0.20797
0.18598
0.16399
0.14199
012
0.098006
0.076013
0.05402 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Tatal Deformation 4
Type: Total Deformation
Unit: mm

Time: 1

0.1867 Max
0.17285
| 0161
1 0.14815

— 01353
0.12245
0.1096
0.096754
0.083904
0.071054
0.058205
0.045355
0.032506
0.019656
0.0068062 Min

(b) oval type(NPS 8)
Fig. 4-4 Total deformations of the ring gaskets
(CLASS 600, No pressure)
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A: Class 600 Octagonal 16
Total Deformation 5

Type: Total Defarmation
Unit: mm

Time: 3

0.35197 Max
0.33026
1 0.30855

| 0.28684

I 0.26513

= 0.24342
022171
0.19999
017828
015657
0.13486
011315
0.091442
0.069732
0.048021 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Total Deformation 5
Type: Total Defarmation
Unit; mm

Time: 3

0.18337 Max
017074
' 015811

~— 014548

[ 013285

= 012022
0.10759
0.094959
0.082329
0.0697
0.05707
0.044441
0.031811
0.019181
0.0065518 Min

(b) oval type(NPS 8)
Fig. 4-5 Total deformations of the ring gaskets
(CLASS 600, Operating pressure)

_33_




#A: Class 600 Octagonal 16
Total Deformation &

Type: Total Defarmation
Unit: mm

Time: 5

0.32805 Max
0.30696
' 0.28588

026479
— 0.24371
0.22263
0.20154
0.18046
015928
0.13829
011721
0.096124
0.07504
0.053956
0.032872 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Total Deformation 6
Type: Total Defarmation
Unit; mm

Time: 5

0.17509 Max
0.16283
' 0.15056
= 013829
—{ 0.12602
011376
0.10149
0.089225
0.076958
0.064691
0.052424
0.040157
0.027891
0.015624
0.0033569 Min

(b) oval type(NPS 8)
Fig. 4-6 Total deformations of the ring gaskets
(CLASS 600, Design pressure)
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1
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Max. deformation (mm)
o o
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1 1

0.1} '} = No pressure
L e Operating pressure
0.0 | | 4 Design pressure
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NPS
(a) octagonal type
07
06 s -
- A
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Eos5t 4 -
E
c
o [ ]
=204 F g
ol A
g L
So3p 3 .
©
% 02
s 2
01 L = No pre§sure
e Operating pressure
0.0 . . 4 Design pressure
’ 8 12 16 20 24

(b) oval type
Fig. 4-7 Maximum deformation of the ring gaskets
(CLASS 600)
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Fig. 4-8 Maximum deformation of the ring gaskets
(CLASS 900)
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(a) octagonal type(NPS 16)

Fig.

(b) oval type(NPS 8)
4-9 Variations of maximum deformation

according to the load step
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A: Class 600 Octagonal 16

All Von-Mises Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

365.52 Max
339.43
! 31333
| 28723
| 26114
| 23504
208.94
& 18285
156.75
130,65
10456
7846
52,364
26.267
0.17009 Min

(a) octagonal type(NPS 16)

A: Class 600 Owval 8

All Van-Mises Stress 2

Type: Equivalent (von-Mises) Stress
Unit; MPa

Time: 1

279.55 Max
25969
' 23982
21996
{20009
| 18023
160.37
1405
12064
100.77
80.907
61.042
41.178
21.313
1.4484 Min

(b) oval type(NPS 8)
Fig. 4-10 Stress distribution of the flange joints
(CLASS 600, No pressure)
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A: Class 600 Octagonal 16

All Von-Mises Stress 3

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 3

345.64 Max
321.02
! 29639
1 27176
| 247.14
| 22251
197.89
| 17326
14864
1240
99.387
74.762
50.137
25.512
0.88625 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8

All Vion-Mises Stress 3

Type: Equivalent (von-Mises) Stress
Unit; MPa

Time: 3

261.26 Max
24269
' 22412
+ 20555
- 18698
. 1684
149.83
13126
11269
94121
75.55
56.979
38408
19.837
1.2657 Min

(b) oval type(NPS 8)
Fig. 4-11 Stress distribution of the flange joints
(CLASS 600, Operating pressure)
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A: Class 600 Octagonal 16

All Von-Mises Stress

Type: Equivalent (von-Mises) Stress
Unit; MPa

Time: 5

303.3 Max
28175
| 26021
| 23867
| 21713
| 195.59
17405
1525
B 13096

1.7137 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8

All Von-Mises Stress

Type: Equivalent (von-Mises) Stress
Unit; MPa

Time: 5

237.81 Max
22088
| 20396
187.03
| 1701
| 15318
136.25
119.33
B 1024
85473
| 68547
51621
34.694
17.768
0.8421 Min

(b) oval type(NPS 8)
Fig. 4-12 Stress distribution of the flange joints
(CLASS 600, Design pressure)

_43_




Fig. 4-13v= 79 dHolA CLASS 6009 NPS 16 223 7§ 2713
CLASS 600 NPS 8 #<79] Bld 7Ha7ls b o] 2838hA] S AH
oMol 72zl SHEEE e kel Al R Ho &
frol # AL & o de=d, o= A HAYSHo] AT As &
T Atk Fig. 4-13 (a)olA 72719 SHExE durd 7j=7le dd

ol HujsHol dAsloen det AP deR YEiwt v a9

A o)zt Q). o)l W HY npAsIAE BE A" YAt NAA
o] upgFolung S JA| M2 HEHEG vpgERd o E=A UEyt
o oF 13%A%E #ko]l7}F Wtk Table. 162 CLASS 6009 NPS 16 =9
Ao Z24y A=A B wpgEs) el S uEhwth Fig
4-13 (= BHLE Y X5 dehit 229 A=z g H4d
Fol obd HFste S FEo HASHol AR, ol M=

o] HEFE Wl A ol oa) 1YW g SHREE vpehgeh

Table. 16 Maximum stresses of inside and outside surfaces of
the gaskets(CLASS 600, octagonal type)

NPS IN ouT
8 211 241
12 319 365
16 319 365
20 299 342
24 253 289
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A: Class 600 Octagonal 16
Gasket Von-Mises Stress 2

Type: Equivalent (van-Mises) Stress
Unit; MPa

Time: 1

365.52 Max
344,14
§ 32275
30136
4 27997
| 25858
237.19
2158
194.42
173,03
15164
130.25
108.86
87473
66.085 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

279.55 Max
26368
| 24781
23194
| 21607
| 200.2
| 18433
{ 16845
15258
13671
12084
104.97
89,098
73.227
57.356 Min

(b) oval type(NPS 8)
Fig. 4-13 Stress distribution of the ring gaskets
(CLASS 600, No pressure)
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3l 303MPaz® el 1
Sge A4 AIZ T 66%7 48 261MPaz LERow A A e o A
15% 7+43+ 237.81MPa® et

A: Class 600 Octagonal 16
Gasket Von-Mises Stress 3

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 3

345.64 Max
. 325.26
304.88
e 28449
1 26411
24373
22335
20297
18258
| 1622
14182
12144
101.06
80.674

60.292 Min

(a) octagonal type(NPS 16)
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A: Class 600 Oval 8

Equivalent Stress 3

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 3

261.26 Max
24653
| 2318
217.08
| 20235
| 18762
17289
158.16
B 14343
12871
11398
99.249
84.52
69.792
55.064 Min

(b) oval type(NPS 8)
Fig. 4-14 Stress distribution of the ring gaskets
(CLASS 600, Operating pressure)

A: Class 600 Octagonal 16
Gasket Von-Mises Stress

Type: Equivalent (von-Mises) Stress
Unit; MPa

Time: 5

303.3 Max
285.04
' 26678
1= 24852

if-. 23027
{ 21201
193.75
1755
157.24
13898
12073
10247
84.212
65956
47.699 Min

(a) octagonal type(NPS 16)
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A: Class 600 Oval 8

Equivalent Stress 4

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 5

237.81 Max
22408
1 21036

1 19663
— 18291
i 169.18

15545
14173
128
114.28
10055
B6.827
73101
59.375
45.65 Min

(b) oval type(NPS 8)
Fig. 4-15 Stress distribution of the ring gaksets
(CLASS 600, Design pressure)

Fig. 4-167 Fig. 4-17- CLASS 6007 CLASS 90004 Z7t3 ¥ e

MeAel zzke] melo] gist A4 Agede adze =A3 &9

of!

i)
N
ot
=
[>
»
1o
I
)
(K
il
.
&
f
g
O
-
>
wm
wm
D
()
()
B
O
-
>
07}
w
{o)
o
(e}
ORI
)

o}
adE opdel MSE AS ¥ F Ak T, BAY A2Ae B4Y )
7

Ant Aggee] o o Ut oe Bage 4% WA #7y

SHUNLGE 5~7%, 53~66%% UEPG o A HE e SHR LAY

< 10.21~17%, 12.4~14.6"%2 e

_48_



400

© 300 [ A A

N

o

o
T

Max. stress (MP.
e —

100 | -
= No pressure
® Operating pressure
0 : : A Design pressure
8 12 16 20 24
NPS
(a) octagonal type
n
400 | . ¢ i
[ ]
A n 1
— 4 ° q
& 300 - 4 7
= 4
2 \
o
5 200 .
%
®©
=
100 | -
= No pressure
e Operating pressure
0 : : A Design pressure
8 12 16 20 24

NPS
(b) oval type

Fig. 4-16 Maximum stresses of the ring gaskets
(CLASS 600)
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Max. stress (MPa)

400 |- e
n n
® ]
[ ]
=~ A ®
& 300 |- A 4 7
n
é ®
0 A 1
g 2
3 200 - e
%
©
b=
100 | -
= No presusre
® Operating Pressure
ol : : A Design Pressure
8 12 16 20 24
NPS

(a) octagonal type

n
400 2 ° 4
!l A
]
300 e
[
4
A
200 e
100 q
m  No presusre
® Operating Pressure
0 ‘ ; A Design Pressure
8 12 16 20 24
NPS

(b) oval type
Fig. 4-17 Maximum stresses of the ring gaskets
(CLASS 900)
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time (s)
(a) octagonal type
1 AiA;Ail - " A A-A—A—A
400 oo o0 o . i S E
/ X e, A
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(b) oval type
Fig. 4-18 Variations of maximum stress according to
the load steps (CLASS 600)
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Fig. 4-19 Variations of maximum stress according to
the load steps (CLASS 900)
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(a) octagonal type(NPS 16) (b) oval type(NPS 8)

Fig. 4-20 Radial variations of contact pressure along the contact length of the
gaskets(CLASS 600, No pressure)

700 "

h 4
500 \ ““ ~ \‘ \.\
| | wb ] | <

Contact force (MPa)
8
8
T
L
Contact force (MPa)

100 1 ‘ | | ‘ ] | | |

0 ! ! ! ! | | | |
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Length (mm) Length (mm)

(a) octagonal type(NPS 16) (b) oval type(NPS 8)
Fig. 4-21 Radial variations of contact pressure along the contact length of the

gaskets(CLASS 600, Operating pressure)
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Fig. 4-22 Radial variations of contact pressure along the contact length of the

gaskets(CLASS 600, Design pressure)
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A: Class 600 Octagonal 16
Pressure

Type: Pressure

Unit: MPa

Time: 1

687.55 Max
66271
637.86

1 613.02
588.18
. 563.34
5385
513.66
48881
463.97
43913
414.29
38945
364.6
339.76 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Pressure

Type: Pressure

Unit; MPa

Time: 1

739.2 Max
6864
6336
== 5808
528
| 4752
4224
3696
3168
{264
2112
1584
1056
528
0 Min

(b) oval type(NPS 8)

Fig. 4-23 Contact pressure of the ring gaskets

(CLASS 600, No pressure)
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A: Class 600 Octagonal 16
Pressure 2

Type: Pressure

Unit; MPa

Time: 3

672.46 Max
©47.22
621.99

59675
{ ‘57151
546.27
521,04
495.8
470.56
i 44532
42009
394.85
369.61
344,37
319.14 Min

(a) octagonal type(NPS 16)

A: Class 600 Oval 8
Pressure 2

Type: Pressure

Unit; MPa

Time: 3

T08.5 Max

F 62977
B 55105
47233
39361
314.89
| 23617
157.44
78722
0 Min

(b) oval type(NPS 8)
Fig. 4-24 Contact pressure of the ring gaskets
(CLASS 600, Operating pressure)
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A: Class 600 Oval 8
Pressure 3

Type: Pressure

Unit: MPa

Time: 5

635.26 Max
589.89
544,51 —

1 499.14
45376
| 408.38
3630
317.63
27226
| 22688
1815
136.13
90.752
45.376
0 Min

(a) octagonal type(NPS 16)

A: Class 600 Octagonal 16
Pressure 3

Type: Pressure

Unit; MPa

Time: 5

634.75 Max
608.18
5816

| 55503
52845
i 50188
475.31
44873
422.16
395.58
369.01
342.44
31586
289.29
262.71 Min

(b) oval type(NPS 8)
Fig. 4-25 Contact pressure of the ring gaskets
(CLASS 600, Design pressure)
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Fig. 4-27 Mean contact pressure of the ring gaskets
(CLASS 900)

Table. 17 Contact pressure of the flange joints with octagonal type gaskets (CLASS 600)

Operating Design
NPS Type No pressure(MPa)
pressure(MPa) pressure(MPa)
2 max 505 485 435
mean 292 278 245
12 max 587 574 541
mean 402 383 334
16 max 687 672 634
mean 435 410 353
20 max 540 509 459
mean 430 405 337
4 max 489 461 435
mean 355 335 280
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Table. 18 Contact pressure of the flange joints with oval type gaskets (CLASS 600)

Operating Design
NPS Type No pressure(MPa)
pressure(MPa) pressure(MPa)

g max 739 707 632
mean 460 438 426

12 max 762 728 644
mean 502 484 451

16 max 766 731 651
mean 504 486 453

20 max 757 723 637
mean 488 483 447

24 max 764 727 598
mean 433 411 393

Table. 19 Contact pressure of the flange joints with octagonal type gaskets (CLASS 900)

Operating Design
NPS Type No pressure(MPa)
pressure(MPa) pressure(MPa)

2 max 447 420 400
mean 363 342 318

12 max 487 471 459
mean 359 333 299

16 max 509 493 475
mean 375 354 325

20 max 362 338 310
mean 242 223 198

24 max 375 354 330
mean 253 236 214
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Table. 20 Contact pressure of the flange joints with oval type gaskets (CLASS 600)
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contact length of the gaskets(CLASS 600, Design pressure)
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