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Stress Concentration at The Rigid Frame Corners Connecting
the Cross Beams of Box Type Section to the Cylinder, and their
Graphic Presentation for Design

Ryokichi Hamajima*and Toshie Okumura*

When the rigid frame corners connecting the cross beams of box-type section
to the cylinder is designed by the standard of design of the Metropolitan
Expressway Public Corporation, the ratio of thickness to radius of cylinder
(hp/rp) has been set as hp/rp21/40 regardless the quality of material,because
the stress concentration at corners which are supposed to exert the greatest
effects on the ultimate strength can not be accurately determined. As the struc-
tures become larger to 4-5m and their wall thickness becomes larger up to 50mm.
The increase of thickness of plate is apt to cause larger contractive strain
along the welding parts. Accordingly, most important problems we have now is to
make clear the stress concentration at corners and to find the best struct res
to reduce the increasing stress concentration which may be caused by decrease of
the thickness of cylinder.

Experiments and analyses reffering to the stress concentration of the elemen-
tary structures with the plate connected parallel or perpendicular to the axis
of cylindrical shell are proposed. this new analysis by the present writers
is the combination of finite element solution of the loading plate and analyti-
cal solution of cylindrical shell and was performed for contact stress between
loading plate and cylindrical shell to be variable in both of the axial and
circumferential direction . These contact stress were approximately represented
by step load and determined by the junction condition in which normal and
tangential displacements of the loading plate and cylindrical shell must coin-
cided with each other.

Present authers propose anew method to analyze the thin circular cylindrical
shell represented by the summation of the following three solutions: (1) the
solution of beam theory including shear deformation, (2) the local disturbed
stress near loading point which is defined as particular solution of cylindrical
shell of infinite length, (3) the boundary disturbed stress ( local stress near
the boundaries and junction sections of cylindrical shell). This analytical
method of thin circular shell can be easily applied to the analysis of conti-
nuous cylindrical shells stiffened by diaphragms as well as shells having
various boundary conditions under general static load. In the present paper,
the analysis including out-of plane bending of the diaphragm is given by consi-
dering the effect of the stiffening ring attached along the inner boundary of
the diaphragm. As local stress state and solution corresponding to beam theory
are analyzed in separated form in regard to the cylindrical shell, we can
analyze the mechanical effect of only one diaphragm without any consideration
including boundary conditions of the cylindrical shell or the effect of other
diaphragms.

Accordingly, this analytical solution of cylindrical shell stiffened by

diaphragm can be applied most efficiently to the analyses of suddle supported
or bracket connected cylindrical pipe joint structures.
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