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Abstract

In designing a bolted joint, it is important to know the load factor, which is the ratio of an increment in axial bolt force to an external
tensile load. Usually, the value of the load factor @has been calculated by the equation @=A;/(ki+K:) proposed by Thum where At is
the stiffness of bolt-nut system and A: is that of clamped members. Recently, it has noticed that the value of the load factor varies with
the load application position on the joint. Junker proposed the correction factor for Thum’s formula. In addition, Yoshimoto and the
author proposed a new formula by introducing the tensile stiffness At for the clamped members and it is shown that the value of At/Kpt
corresponds to the correction factor proposed by Junker. In this paper, the method for the correction factor A:/Apt is demonstrated for
bolted hollow cylinder joint using the axi-symmetrical theory of elasticity and the vales of the correction factor are compared with
those by Junker. It is found that the values of the correction factor are affected by the load application positions and the dimensions of
hollow cylinders. Additionally, differences in the values of correction factor are substantial between Junker’s values and the obtained

results. Finally, the values of the load factor are obtained using the correction facto A/ Apt.
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X 1 A bolted joint of hollow cylinders subjected to an external axial load
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Fig.3 Dimensions and designations of hollow cylinders
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Evaluation of Bolt Tightening Process and Assembling Efficiency
for Bolted Gasketed Pipe Flange Connections
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Abstract

In bolted gasketed pipe flange connections, the contact gasket stress by initial bolt tightening is important for better sealing. However, each
axial bolt force changes due to the elastic interaction effect in the connection and the creep characteristics of the gasket. In this study, three
types of gaskets were inserted into 4inch and 24inch bolted pipe flange connections, then the "assembling efficiency #" which is obtained from
the ratio of the actual axial bolt force to the target axial bolt force of the connections is calculated using measured changes in the axial bolt
forces. Also, the "assembling efficiency #" is obtained using Finite Element Method (FEM). The FEM results are compared with the
experimental results. The experiment results are in a fairly good agreement with the FEM results. As a result, it is found that the value of is
less than 1.0 due to the elastic interaction of the gaskets. By multiplying the value of the target axial bolt force by 1/4, the target axial bolt force
taking the axial bolt force fluctuation into account can be obtained. Since the elastic interaction of pipe flange connections differs with various
gaskets and their sizes, a method to determine the "assembling efficiency #" using FEM analysis is shown to be useful. It can be applied to
predict the value of for # another bolted flange joints with another types of gaskets.

Key Words: Scattered Bolt Preload, Pipe flange, FEM, Gasket
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Fig. 1 Test equipment for bolted gasketed pipe flange connections
(JPI Class300 4inch)

Fig. 2 Test equipment for bolted gasketed pipe flange connections
(JPI Class300 24inch)

Table 1 Target axial bolt force for gaskets

gasiZ?tsfess Axial bolt force [kN]
Gasket -
[MPa] JPI C_IassSOO JPI Class300 24!nch
4inch JPI Class600 24inch
CFS/PTFE 30 33.2 113 (Class300)
SWG 60 30.9 153 (Class600)

(1

(b) JPI Class300,600 24inch

Fig. 3 Bolt tightening order for 4inch and 24inch connections



Table 2 Number of round and tightening torque

. JPI Class300 24inch
JP1 Class300 inch JPI Class600 24inch

24X M39

X
Bolt 8XM20 24X M48
Number of round 4 cycles 6 cycles
Torque 100% of target value 110% of target value
for both connections
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Fig. 4 Compression test equipment
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Fig. 5 Stress strain curve for each gaske



Fig. 6 FEM model for analysis
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Fig. 7 Axial bolt forces in the tightening process

Table 3  Assembling Efficiency

JP1 Class300
24inch

JPI1 Class600

JPI Class300 4inch 2dinch

Connections

Gasket CFS PTFE SWG CFS PTFE SWG

0 0.99
1y 1.01

0.96
1.04

0.93
1.08

0.95 0.97
1.05 1.03

0.96
1.04




i No.3

N;.S
(a) JPI Class300 4inch

No.l

No.19

No17 7
—CFS  No.l6
——PTFE
—SWG

No.14
Target axial bolt force_CFS, PTFE

No.13

----- Target axial bolt force SWG

(b) JPI Class300 24inch /” JPI Class600 24inch

Fig. 8 Scatter in axial bolt forces

Table 4 Scatter in axial bolt forces

Axial Bolt Force [kN]
Connections IP1 Class300 dinch JPI C!ass300 JPI C!assGOO
24inch 24inch
Gasket CFS PTFE SWG CFS PTFE SWG
F fmax 359 349 326 | 1254 1277 1745
F tmin 30.5 29.5 26.9 98.3 97.2 119.0
F fave 329 31.9 29.5 107.4  109.6 147.3
F tmax/F fmin 1.17 118 121 1.28 1.31 1.47
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Fig. 9 FEM results of axial bolt forces
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Fig. 10 Comparison of axial bolt forces obtained
from FEM analysis and experiments

Table 5 FEM analysis result of assembling efficiency #

Gasket # (JPI Class300 5inch)
round FEM results

CFS round3 1.01

round4 1.01

PTFE round3 1.01

round4 1.01

round3 0.89

e round4 0.97

Table 6 FEM analysis result of assembling efficiency #
(Effect of pressure class)

Class n (SWG 5inch)
round FEM results
Class300 round3 0.89
round4 0.97
Class600 round3 0.98
round4 1.01
round3 0.85
Class1500 roundd 0.94
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