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SUMMARY

Large openings are provided in containment vessels for transfering equipment and per-
sonnel to and from it. The vessel is thickened at the perimeter of these openings for a
certain distance out, to accommodate higher forces in this region. The purpose of this pa-
per is to develop analysis techniques, design concepts and dimension proportioning criteria
for region surrounding large openings.

The classic problem of stress concentration around openings is rendered highly com-
plex due to geometry variations as mentioned above, nature of variable containment type
loadings and perturbations caused due to proximity of local constraints. A closed form so-
lution to include the effect of all these variables would not be practical.

Finite Element Method of continuous mechanics is used. The extent of shell surface
to be included in FEM model is a function of the diameter of the opening and proximity
of boundary constraints. Guidelines are established for it, based on available literature and
practical experience. Effect of modeling and other numerical errors is discussed.

In prestressed containments, uniformly spaced hoop and meridional tendons are draped
around the opening which give rise to nonuniform force distribution in the region. A
computer code is developed to obtain this force distribution in FEM model due to three
dimensional tendon curvature and associated losses arising from friction and wobble effect.

Results from actual analysis for containment type loadings are presented in graphical
form for different size openings. These results are compared with existing closed form so-
lutions, thereby justifying the need of one form of solution over the other. Governing load
combinations in different regions of the model are identified. i

The thermal moments M, can be assumed composed of constrained moment M, and
compatible moments M,,. M, is calculated based on cracked section while M,, is assumed
unchanged, Axial force-Moment Interaction Diagrams are developed for different cross
sectional properties for working stress as well as ultimate strength design including the
effect of M. Controlling parameters are allowable strains and stresses in concrete and rein-
forcement, and material properties. The design procedure is reduced to locating Axial For-
ce — Normal moment point within the envelope. Tangential shear design is based on pro-
posed revision to ASME Sec. III Div. 2 code. Guidelines are established for preliminary
analysis and design of such large openings.

A discussion on the general yield state, primary and secondary stresses around the
opening and strain limits to control moment re-distribution is presented.



