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A Study on System Stress Analysis of High Temperature Plant Piping
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Abstract - In the plants operated under high temperature condition, piping system load analysis is often
performed to prevent accidents caused by thermal deformation and also to locate inspection prioritity points
of the piping system. In this study, piping system stress analysis was performed for a pipe system between
the reactors in a process plant. The piping system includes typically installed hangers and expansion joints.
In order to evaluate the effects of structural components such as hangers and expansion joints, the case for
the expansion joint or the hanger under abnormal operation is considered. By comparison anlaysis results of
piping system during normal operation and abnormal operation, the role of each pipe components are studied.
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Table 1. Specification and operating condition of the piping system

Actual O.D Wall Thick. . Pressure Temperature
PIPE SPEC. (mm) (mm) Material (MPa) (0
PIPE 2148 20 A240-304H 535, 550
R1 3200 30 540~600
Reactor R2 4000 30 A240-304H 580~600
R3 4560 30 0.07 535~560
Expansion Joint 2507 1.524 A240-304H 535, 550
Reducer 2148
45 A240-304H 535~550
(shell of reactor) ~4560
Insulation - 200 Calcium Silicate - -
Cladding - 2 Aluminum - -
Table 2. Components of the system
Total Pipe Length (m) No. of Hanger No. of Elbows No. of Expansion Joint
133 8 8 4
Table 3. Mechanical properties of A240-304H
Yield Ultimate Longitudinal Hoop Shear Densit Poisson’s
Pipe ID Strength Strength Modulus Modulus Modulus (k /m3}), Ratio
(MPa) (MPa) (x10° MPa) (x10° MPa) | (x10° MPa) &
A240-304H 206.84 517.11 0.195 0.195 0.075 8025 0.3
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Fig. 1. Hangers and expansion joints in the piping for this study ;

expansion joint, (¢) Double hinged joint and (d) Double gimbal joint
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Table 4. Cases for stress analysis of the piping system
Comp ppent Case 1 Case 2 Case 3 Case 4 Case 5
condition
Hanger normal operation | hanger removed | normal operation | hanger removed | normal operation

Expansion joint | normal operation | normal operation

expansion joint

expansion joint

normal operation

removed removed
additional steam
Others ) ) ) ) line installed
Table 5. Components of the additional steam inlet line
Actual O.D Wall Thick. | Total Pipe No. of No. of Operating Temp. | Operating Pressure
(mm) (mm) Length (m) Support Elbows 49) (MPa)
609 8 81 9 11 471 0.07
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Table 6. Stress values of high ranked points for each analysis case
Case of | High Stress Location Von Mises Sustain Hoop Expansion
Analysis (Ranking) Stress (MPa) Stress (MPa) Stress (MPa) Stress (MPa)
1 138.28 105.32 4.27 0
2 132.25 101.90 4.27 0
Case 1 3 58.47 45.48 4.27 0
4 53.34 41.51 4.27 0
5 44.56 34.90 4.27 0
1 83.65 62.46 4.27 0
2 83.15 62.90 4.27 0
Case 2 3 58.64 43.66 4.27 0
4 49.62 37.19 4.27 0
5 29.94 26.25 4.27 0
1 123.57 14.37 4.27 102.88
2 116.23 34.26 4.27 70.74
Case 3 3 116.14 14.32 4.27 95.56
4 113.47 32.59 4.27 74.14
5 111.13 16.80 4.27 124.59
1 132.00 532 4.27 124.59
2 126.86 17.08 4.27 106.07
Case 4 3 98.78 17.42 4.27 84.53
4 92.04 11.48 4.27 84.26
5 88.91 12.54 4.27 102.88
1 138.28 105.32 4.27 0
2 132.25 101.90 4.27 0
Case 5 3 69.50 30.43 2.53 32.27
4 67.53 28.40 2.53 32.04
5 62.18 26.89 2.53 27.53
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Fig. 4. Pipe stress analysis results for various conditions ; (a) Case 1 ; normal hangers and normal expansion joints,
(b) Case 2 ; abnormal hangers and normal expansion joint, (¢) Case 3 ; normal hangers and abnormal

s

expansion joints and (d) Case 4 ; abnormal hangers and abnormal expansion joints
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Fig. 5. Pipe stress analysis results with additional
steam lines (Case 5)
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Fig. 6. Pipe displacements at the pipe connected to Reactor 2, (a) under normal hanger and normal expansion joints

and, (b) after removing the hanger load
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