Stress Analysis of the Flare Flat Head - Explanation

1) It was decided that, according to the 2007 Edition of the ASME Code, Section VIII, Div. I, UG-39(b)(2), the number and spacing of 6 inch openings in the flat head requires that the reinforcement of these openings be treated by the rules of U-2(g). 

2) U-2(g) states: This Division of Section VIII does not contain rules to cover all details of design and construction. Where complete details are not given, it is intended that the Manufacturer, subject to the acceptance of the Inspector, shall provide details of design and construction which will be as safe as those provided by the rules of this Division.
3) The rules of the 2007 Edition of the ASME Code, Section VIII, Div. II, Part 5, “Design by Analysis Requirements” were chosen as appropriate to the analysis of the openings in the flat head, and satisfactory in the context of U-2(g). 
4) Part 5 concerns protection of the vessel against four possible types of failures:
a) Plastic collapse (gross yielding in tension or compression)

b) Local failure  (yielding at structural discontinuities)

c) Buckling  (collapse due to geometric instability under compressive loading)

d) Failure from cyclic loading (fatigue and ratcheting)

5) For the flat head with penetrations, only a) is considered. 
6) Part 5 allows three approaches to stress analysis:

a) Elastic stress analysis method

b) Limit-load method

c) Elastic-plastic stress analysis method 

7) Approach a) was chosen for the analysis of the flat head. It is very similar to the Section VIII, Div II Appendix 4 rules of previous Code editions.
8) For plastic collapse, 5.2.2.1 states: “To evaluate protection against plastic collapse, the results from an elastic stress analysis of the component subject to defined loading conditions are categorized and compared to an associated limiting value.”

9) Continuing at 5.2.2.1 (a): “A quantity known as the equivalent stress is computed at locations in the component and compared to an allowable value of equivalent stress to determine if the component is suitable of the intended design conditions.”

10)  Continuing at 5.2.2.1 (b): “The maximum distortion energy yield criterion shall be used to establish the equivalent stress. In this case, the equivalent stress is equal to the von Mises equivalent stress given by Equation (5.1)” 
11)  Stresses from the elastic analysis are classified as primary membrane, primary local membrane, and primary local membrane plus bending. 

12) From 5.2.2.4, the following limits on these three categories of stresses are established as:

a) Primary membrane stress <  S

b) Primary local membrane stress < 1.5S

c) Primary local membrane plus bending stress < 1.5 S

where S is defined as the “allowable stress based on the material of construction and design temperature.” This stress is typically found in Section II of the Code.

13) The value of S (allowable stress) for the flat head was chosen from the stresses of Section II conservatively as 13.6 ksi 

14) A finite element model of the flat head was created which included all penetrations. The model showed that the maximum equivalent stress calculated at the inner radius of any penetration was less than 8 ksi. (Runs with various mesh densities confirmed convergence on this stress.)
15) According to Table 5.6, “Examples of Stress Classification,” the stresses in a typical ligament in a uniform pattern of a perforated head or shell are classified as primary membrane plus bending, as are the stresses in the center of an unperforated flat head. Stresses in isolated or atypical ligaments, which is actually the case for this head, are classified as secondary and peak stresses, and are considered for cyclic loading effects only. 
16) The most conservative approach is to classify the head stresses as primary. Since no membrane stresses exist, the stress is entirely primary bending, with an allowable stress of 1.5S, or 20.4 ksi.
17)  Even if classified as primary membrane stress, with an allowable of S = 13.6 ksi, all points in the regions of the penetrations satisfy the limits of 5.2.2.4.
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