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FINITE ELEMENT ANALYSIS OF CONTACT PROBLEMS WITH UNKNOWN
BOUNDARY REGIONS

Hisashi TANAKA*, Yasuhiko HANGAI*, Jiro KUNITA¥*
and Masaaki HOMMA**

In the contact problem, the contact region in the deformed state generally
depends on both the nature of applied loads and the level of loading. In other
words, the geometry of boundary regions is unknown when we start the analysis.

This paper deals with the above problems by the finite element method, from
the view-point of contact between elastic bodies and rigid foundations or flames.
The paper consists of six sections and three illustrative examples.

After the definition and outline of the normal contact problems are viewed in
section 1, the finite element method for determining the unknown coordinats on
the boundary lines of contact zone is introduced in section 2. The nordal points
are arranged in three classes such as usual free points, fixed boundary points
and moving boundary points of contact regions(Fig.l). Since the last nordal
points have unknown coordinates before the analysis is done, the stiffness
matrices and loading vectors are represented as functions of these unknown co-
ordinates, and then the derived governing equations are nonlinear., By adding new
boundary conditions on the boundary lines of contact zone, nordal displacements
of free points and the unknown coordinats of moving points are numerically
obtained by Newton-Raphson method.

Section 3 deals with the numerical example of thick plate on the rigid foundation
with a groove in the plane strain problem(Fig.2-a). The effect of variation of
thickness of plates on both the contact region and deformation behaviours is
examined in detail. In section 4, elastic-plastic behaviours of the same struc-
tures are pursued by the incremental solution procedures and development of the
plastic zone is observed. In the same manner, Tee connections with bolts in
tension(Fig.2-b) are analyzed in section 5. The last section has an example that
plate on the square rigid flame(Fig.2-c)is under uniform loading and the result
gives us displacement at the four corners when we dissolve concentrated loads.

[1ae

0 x free points
Fig.l
mmmuu‘m"xmum
BWB
! ,
Fig.2-a
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