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Equivalent Elastic Modulus for Lined Pipe Analysis
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ABSTRACT

The steel pipe for fluid catalytic cracking(FCC) unit, petroleum refinery, is lined with refractory to protect the system
from high-temperature of the internal flow. The property of the refractory has an effect upon the stress analysis of FCC unit.
Because 1-D pipe element or 3-D shell element are usually used in commercial codes of stress analysis to evaluate the
structural soundness, the equivalent elastic modulus considering steel and refractory should be applied. In the research, the
theoretical method to obtain the value of the equivalent property is introduced and then the stress analysis is carried out with

the part of FCC unit.
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Fig. 1. Cross section of lined pipe of Case II
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Fig. 4 FE model and boundary condition

s  Primary Local Membrane Stress Intensity < 1.5S,

e  Primary + Secondary Stress intensity <3S,
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Table 1. Dimension and loading condition of Model

Stripper Riser
LD. 4524 mm 1753 mm
tg 76 mm 51 mm
t 127 mm 152 mm
Eg 20560 kgy/mm? 20560 kgy/mm®
EL 496.33 kg/mm® 1125 kg/mm?®
%y 0.0178 kgg/mm® 0.0265 kg/mm?®
2 145 °C 210°C

Table 2. Equivalent elastic modulus
(Unit : kg_tlmmz)

Stripper Riser
| Eegy 21284 22993
| Ee2 21261 21760
| Eeqz 20911 21614
| Ecqs 21204 22429

Table 3. Analytical result
(Unit : Iggimmz)

Py PL+P+Q
Case I 17.737 19.805
Case Il 17.239 19.669
Case 1 17.105 19.515
Case IV 17.272 19.721
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Fig. 5 Stress Intensity distribution

4. A8

A AA] FCC Unit 9 Zol 129 yi
AZRY AN2"E B33 st Wieel g
AT g 719 FYHY £YL 97
7t @4 g84AsE Fike WwHe AAsR
FEe sk H4o o]g HR3AH

:{o

2]

J

Riorok

Hoes
1. “Project Book for Stress Analysis
Reactor/Regenerator”, RTI, 1998

in FCCU-

2. Truong K. T, “Improve FCCU Refractory Lined
Piping Design”, Hydrocarbon Processing, pp. 69 ~
74, July 1998

3. 4 Y, F Ale, 3 I, “AF AAS FCe
Unit ¢] Pipe Stress 314 & $3t 571 84X A
A, 7R nN, dXF T Y, 19992

4. Chadda, T. S., “Effect of Refractory Lining on the
Stiffness of Steel Pipe”, ASME, pp 79 ~ 87,1981

5. Manuel Aguirre G. “Bending of Composite
Cylinders”, Master Thesis, Rice University, 1969

6. Mogbo Nathan C., Jirsa James O., and Wilhoit, Jr.

J.C., “Effective Stiffness of Concrete Coated Line
Pipe”, ASME, 1972



