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In the application of the Finite Element Analysis Method, the most time consuming task is
usually the creation and modification of the finite element mesh of the system. Not to mention the
fact that creation of mesh transitions from coarse to fine meshes can be very tedious. Also
matching up node points to create compatible meshes at intersecting planes, such as walls and
floors can be very labor intensive. And even if the mesh generation is automated the mesh
transitioning usually produces irregular or skewed elements that may perform poorly. This may
have adverse effects on the design, especially in regions of stress concentration, such as in the
vicinity of intersecting planes.

The object based modeling environment of ETABS & SAP2000 clearly addresses these time-
consuming shortcomings of the Finite Element Method.

In the object-based modeling environment the Engineer generates the structural model by creating
only a few large area objects that physically define the structural units such as wall panels, floors
or ramps. The finite element mesh is not explicitly created by the user, but is automatically
generated by assigning meshing parameters to the area objects. These parameters may include
variables, such as mesh size, mesh spacing and mesh grading among others. With this capability
the engineer can study the effects of mesh refinement by just defining a few control parameters.
The new model with the desired level of refinement is thus created with minimal effort.

If the meshes on common edges of adjacent area objects do not match up, automated line
constraints are generated along those edges. These Line Constraints enforce displacement
compatibility between the mismatched meshes of adjacent objects and eliminate the need for
mesh transition elements.

What makes this technology really powerful is that while making modifications to the model the
Engineer need only be concerned about the few large physical objects of the structure. The
modified finite element analytical model gets recreated automatically with any changes to the
base objects.

The following examples are designed to illustrate the power and practicality of this technology.
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EXAMPLE 1
Simply Supported Plate (Mismatched Meshing)

As illustrated in Figure 1, this is a model of a simply supported plate, which has been modeled in
two different ways. In one case the mesh is uniform across the plate and in the other case the
mesh is fine on one half of the plate and coarse on the other half of the plate. In the latter case, an
interpolating line constraint is automatically generated to enforce displacement compatibility
between the adjacent halves of the plate where the mesh does mot match. As shown in the figure,

correlation between the two models is very good.
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Figure 1: Simply Supported Plate with Mismatching Edges
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EXAMPLE 2
Curved Ramp Supported by Curved Wall

This example, Figure 2, illustrates the use of Line Constraints to capture the interaction of a
curved shear wall supporting a curved ramp. Notice that there are no joints at the points where the
ramp element edges intersect the wall element edges. Displacement compatibility along the lines
of intersection of the ramp and the wall is enforced automatically by the generation of Line
Constraints along those lines. Notice how the application of Line Constraints allows the wall and
ramp mesh to retain a simple rectangular (or quadrilateral) configuration. A conventional finite
element model would be very irregular because it would need all the additional joints (and
corresponding elements) to allow for the ramp element and wall element edge intersections.
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Figure 2: Curved Ramp Supported by Curved Wall
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EXAMPLE 3
Floor Slab - Shear Wall Compatibility

This example, Figure 3, illustrates a 3D Concrete Flat Plate Building with shear walls and an
elevator core. Again, in this model, Line Constraints automatically appear at the lines where the
floor and wall objects intersect. This, of course, as in previous examples, will enforce
displacement compatibility when mesh geometries do not match. As shown in the deformed
shape of the Elevator Core, in many places the wall meshing does not match the floor meshing.
All elements meeting at common edges, however, still show no displacement incompatibilities,
even though the element nodes do not coincide.
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Figure 3: Floor Slab - Shear Wall Compatibility
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EXAMPLE 4
Shear Wall — Spandrel Transition

This example, Figure 4, models a Shear wall — Spandrel System, illustrating mesh
transitioning from the spandrel to the shear wall. Line Constraints are generated as
needed in any direction. In this case the Line Constraints are vertical as well as

horizontal.
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Figure 4: Shear Wall - Spandrel Transition
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