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Abstract : Process gas piping is one of the most basic components frequently used in the refinery and petrochemical plants. Many kinds of
by-product gas have been used as fuel in the process plants. In some plants, natural gas is additionally introduced and mixed with the by-
product gas for upgrading the fuel. In this case, safety or design margin of the changed piping system of the plant should be re-evaluated
based on a proper design code such as ASME or API codes since internal pressure, temperature and gas compositions are different from the
original plant design conditions. In this study, series of piping stress analysis were conducted for a process piping used for transporting the mixed
gas of the by-product gas and the natural gas from a mixing drum to a knock-out drum in a refinery plant. The analysed piping section had been
actually installed in a domestic industry and needed safety audit since the design condition was changed. Pipe locations of the maximum
system stress and displacement were determined, which can be candidate inspection and safety monitoring points during the upcoming
operation period. For studying the effects of outside air temperature to safety the additional stress analysis were conducted for various
temperatures in 0~30°C. Effects of the friction coefficient between the pipe and support were also investigated showing a proper choice if the
friction coefficient is important. The maximum system stresses were occurred mainly at elbow, tee and support locations, which shows the
thermal load contributes considerably to the system stress rather than the internal pressure or the gravity loads.

Key Words : piping stress, system stress analysis, structural integrity, safety, ASME B31, pipe support, thermal stress
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Table 1. Characteristics of the pipe section for stress analysis,

Length (m) No of Supports No of Elbows No of Tees

237 52 20 7

Table 2. Specification and operating conditions of the pipe.

Name Diameter | Thickness Materials Pressure | Temperature
(mm) (mm) (kg/cr) (C)
Mixed Gas 250 9.2 A53-B 4.1 38
Pipe 400 9.5 AS53-B 41 38

Table 3. Mechanical properties of ASTM A53-B Gr B,

Material Yield Strength | Ultimate Strength Longitudinal
(MPa) (MPa) Modulus (GPa)
A53-B 241.3 413.7 200
Hoop Modulus Shear Modulus . 3 . .
(GPa) (GPa) Density(kg/m’) Poisson's Ratio
200 80 7,833 0.3
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Section view #2

Mlx Drum
Fig. 1. Full model for pipe stress analysis for mixed gas.

%l B4 Fig. 250 dEu ¥ RE 5 F8 79 42555
Slefjated(section view) A5 WEFH QAT Fig. 164
Zﬁﬂ TR v RS ERQleE A Zol7t dof
F97F Saso] AN S Fa7910) x|} |
4, el £l FAE e
Fig. 2L WA= Ho| A HAY7}AQ} HATIATL EHE] o]
HiE == Hie] ARR S = 400 mm 27 9] Hijke] 250 mm
A vjTo g ZAaro] JAujToR PAEE= Fon
9] 1 Uepdch
A WA A & SRR e o] v e
39 28 Fig. 30] Uehjglon], 3 WA Tinre
Y olgEgoz BrjEe A4 ] FaR9] 38 Fig

P

J

5= =

Fig. 2. Section view #1 of the pipe stress analysis model,
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Fig. 3. Section view #2 of the pipe stress analysis model,
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Kno. Drum

Fig. 5. Section view #4 of the pipe stress analysis model.
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Fig. 6. Six locations in the pipe with high stress results,
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Table 4. Total stress and stress/yield strength ratio at top 6 high
stress locations,

No Location System Stress (MPa) | Stress/Yield Strength Ratio
1 A01 35.51 0.15
2 J00 28.54 0.12
3 D03 23.58 0.10
4 A02 21.59 0.09
5 A35 21.34 0.09
6 A% 21.00 0.09
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Table 5. Variations of system stress with outside air temperature,

o Location System Stress(MPa)
0°C 10°C 20°C 30°C
1 A0l 59.91 46.27 35.51 19.82
2 J0O 29.00 28.84 28.54 28.17
3 D03 37.68 30.49 23.58 17.40
4 A02 67.01 46.96 21.59 5.86
5 A35 29.26 25.66 21.34 14.89
6 A% 36.73 29.09 21.00 12.11

Table 6. Variations of stress/yield strength ratio with outside air

temperature,

o Point Stress/Yield Strength Ratio
0°C 10°C 20°C 30°C
1 A01 0.25 0.19 0.15 0.08
2 100 0.12 0.12 0.12 0.12
3 D03 0.16 0.13 0.10 0.07
4 A02 0.28 0.19 0.09 0.02
5 A35 0.12 0.11 0.09 0.06
6 A% 0.15 0.12 0.09 0.05
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Fig. 8. Pipe displacement analysis result,

Table 7. Change of pipe displacement under different friction coef—
ficient value,

Displacement(mm)

. Outside — - — -
Point Temp.(°C) | Friction coefficient = 0.8 | Friction coefficient = 0.45

(steel to steel) (concrete to steel)

0 43.30 45.51

10 30.49 32.15
A37

20 17.87 19.24

30 5.46 6.01

Table 8, Change of high stress locations with different friction coef—
ficient values,

o Location System Stress(MPa)
Friction coefficient = 0.8 | Friction coefficient = 0.45

1 A01 35.51 3245
2 J0O 28.54 28.48
3 A02 21.59 26.11
4 D03 23.58 23.10
5 A%4 21.00 20.97
6 A89 17.72 19.58
7 A35 21.34 17.01
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Fig. 9. A89 location with high stress result under 0.45 friction coef—
ficient condition,
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Fig. 10. Simplified model for the elbow section,
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Table 9, Change of pipe displacement after simplifying the elbow,

) Displacement(mm)
Outside Temp.(°C)

A37 A103

0 43.30 41.38

10 30.49 28.94

20 17.87 16.77

30 5.46 5.34
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