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Abstract - Various process piping usually carries out high flammable and explosible gas under high pres-
sure and high temperature. Due to frequent change of design and structure it becomes more complicated and
compactly located. The safety management level is relatively low since it is considered as simply designed
component. In this study a safety assessment procedure is proposed for complicated piping system around a
mixing drum in which natural gas and by-product gases were mixed. According to ASME code, pipe stress
analysis was conducted for determining design margin at some key locations of the piping. These high stress
locations can be used as major inspection points for managing the pipe integrity. Sensitivity analysis with out-
side temperature of the pipe and support constraint condition. Possible effect of hydroen gas to the pipe steel
during the previous use of the by-product gas was also discussed.
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(a) Mixing drum

Fig. 1. Complicated piping layout connected to
the mixing drum
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Fig. 2. Uninsulated pipe section

Table 1. Characteristics of the pipe section for
stress analysis

Length (m) |No. of Supports | No. of Elbows | No. of Tees
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Table 2. Specification and operating conditions of

the pipe
Diameter | Thickness . . |Pressure| Temp. .
Name Materials R Insulation
(mm) (mm) (kg/eri) | (C)
Fuel | 300 95 | AS3B| 41 38 O
Gas
Pipe | 400 9.5 A53-B | 4.1 38 O
150 7.1 AS3-B| 35 15 X
Natura| 150 7.1 A53-B | 4.1 38 X
1 Gas
Pipe | 200 8.2 A53-B | 4.1 38 O
400 9.5 AS3-B | 4.1 38 O
Mixed| 250 92 A5S3-B | 4.1 38 O
Gas
Pipe | 400 95 AS3-B | 4.1 38 O

Table 3. Mechanical properties of ASTM A53 Gr B

Yield Ultimate Longitudinal

Material Strength (MPa) | Strength (MPa) | Modulus (GPa)

AS53-B 2413 413.7 200
Hoop
Shear . 3 o :
Modulus Modulus (GPa) Density (kg/m”) | Poisson’s Ratio
(GPa)
200 80 7,833 0.3
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T VonMises — \/(5;12 — 5,8, +5;+357) @
S, hoop stress, .S, : longitudinal stress,

S, : torsional stress

O installed (before pressure reducing valve)
X : not-installed (after pressure reducing valve)
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Fig. 3. Full piping model for stress analysis
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Fig. 4. High pressure natural gas inlet.

Fig. 5. Pipe connection between natural gas and
fuel gas line

(D

line

Fig. 6. Natural and fuel gas lines connected to
the mixing drum
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Fig. 7. Pipe support type: (a) shoe type (b) fixed
type
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Table 5. Variations of combined stress with out-
side air temperature

No Point Combined Stress Stress/Yielq Strength No Location Combined Stress (MPa)

(MPa) Ratio 0 10C 20C 30C
1 N16 72.81 0.30 1 N16 23098 | 15422 | 7281 3575
2 NO7 67.46 0.28 2 NO7 2143 | 13876 | 67.46 4.38
3 N11 65.51 0.27 3 N11 205.94 1332 65.51 1331
4 J08 64.40 0.27 4 J08 122.88 | 94.48 64.4 32.43
5 J06 54.47 0.25 5 106 58.91 69.57 | 5447 41.78

il o

0 16.14 = 3227
B 3227 - 4841
B 48.41 - 64.55
B 64.55 - 8068
B 80.68 - 96.62

(a) Reducer in natural gas inlet line

Stress N/mm?

m 00.00 -16.14
O 1614 - 3227
W 32.27-4841
B 48.41 - 64.55
B 64.55— B0.68
B 50.68 - 96.82

(c) T-Pipein mixed gas line

| 00.00-16.14
[0 16.14 = 32.27

t 1 S
= N1
(b) Elbow in natural gas inlet line

Stress N/mm?

EEEROE

. ~ “108
(d) T-Pipe in fuel gas line

Fig. 8. Five locations in the pipe with high stress results.
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Table 6. Variations of stress/yield strength ratio
with outside air temperature

Stress/Yield Strength Ratio
No | Location

0T 10T 20C 30T
1 N16 0.96 0.64 0.3 0.15
2 NO7 0.89 0.57 0.28 0.02
3 N11 0.85 0.55 0.27 0.06
4 Jog 0.51 0.39 0.27 0.13
5 JOo6 0.24 0.29 0.25 0.17
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Fig. 9. Dependence of pipe combined stress
on outside air temperature
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Table 8. Change of support reaction forces with
reduced support constraint

Support Reaction Force(kN)
No Location

Rigid Gap=0.5mm
1 L02 176.24 34.46
2 Jo7 169.21 39.67
3 NO5 72.39 8.98
4 N16 53.94 0.00
5 N11 17.21 4.25
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Table 9. Change of combined stress and stre-
ssfyield strength ratio under different
support constraint conditions

Combined Stress Stress/Yield
No | Location (MPa) Strength Ratio
Rigid | Gap=0.5mm | Rigid | Gap=0.5mm
1 N16 72.81 35.55 0.30 0.15
2 NO7 67.46 10.96 0.28 0.05
3 N11 65.51 9.34 0.27 0.04
JO8 64.4 15.37 0.27 0.06
JOo6 54.47 47.49 0.27 0.20
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