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ABSTRACT

Shear Panel Damper (SPD) has been applied to the civil engineering structures such as
bridges and buildings for the dissipative response against seismic energy by an earthquake.
The SPD made of low yield steel can dissipate seismic energy by plastic deformation, and has
been received considerable interest in the last two decades. Most of previous research for SPD
showed the optimal location or the numbers to improve dissipative capacity. To satisfy a
design condition, the best shape was chosen from the combinations in prepared models by
repeating an experiment or Computer-Aided Engineering analysis. [1] There are few reports
on shape optimization for SPD. Liu reported optimal shape design methodology by using the
Response Surface Methodology (RSM) and the Design of Experiment (DOE) technique. [2] It
is categorized into the parametric shape optimization method. There are no reports on the non-
parametric shape optimization method for SPD. The distributed-parameter shape optimization
method for elastic problem was presented by Azegami and Shimoda. [3][4] Ihara expanded it
to elasto-plastic problem. [5] The behavior after yielding is extremely important for shape
design of SPD under cyclic load. In this paper, we present a distributed-parameter shape
optimization methodology for the design of low yield steel SPD. The optimization was carried
out to maximize the total plastic work under a volume constraint. We used the accumulated
equivalent plastic strain energy as the shape variation index instead of the theoretical
sensitivity function involving the adjoint variables for simplicity since it takes too much
computational cost to calculate the adjoint variables under cyclic elasto-plastic loading. We
used the traction method as re-shape technique. With the traction method, finite element
nodes are properly mapped, while maintaining their regularity.

Fig. 1 shows the optimization results of SPD. A cyclic shear enforced displacement
was applied at the top with the bottom was clamped. The constant volume condition was
applied. The initial and obtained shapes are shown in Fig. 1(a) and (b), respectively. Fig. 1(c)
shows the histories of objective functional and volume. The total plastic work was maximized
by 15% of the initial shape while satisfying the volume constraint.
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Fig. 1 Optimization results of SPD

In summary, a non-parametric shape design optimization method for designing SPD

was presented, where accumulated equivalent plastic strain energy was employed as the shape
variation index for simplicity. The traction method was also employed to maintain the mesh
regularity. With this method, the optimal smooth shape of SPD can be obtained without any
shape parameterization, and as the dissipative capacity against seismic energy was improved
by 15%.
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