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Program studies showed that 3D temporal parameters (velocity norm, tangential, normal accelerations, temporal curvature and torsion) of motion are a useful set of characteristics which provide much more detailed description about the ground motion than PGA, PGV and PGD do.  Applications of these parameters in earthquake ground motion and structural response analysis have yielded some promising results. Characteristics analysis of 3D temporal parameters becomes a powerful tool to probe the formation of velocity pulses. Based on studies of the ground motion records of the few large earthquakes in recent years, devastating structural damages are often closely related to large velocity pulses in ground motion. 
The research accomplishments include four aspects: 

1. Based on studies of recent large earthquakes (Chi-Chi 1999, Kocaeli (Izmet), 1999, Kobe, 1995, Northridge, 1994), a quantitative definition for the pulse-dominant ground motion, quantitative measurements of the unique features of velocity pulses such as formation interval, vanish interval, ratio of normal acceleration vs. tangential acceleration over pulse formation and vanish intervals, accumulated temporal torsion and curvature over the pulse duration, velocity pulses vs. PGA and PGV, kinematically correlated/non-correlated velocity pulses and acceleration pulses have been established.

2. Through the analysis, it was found that the damage potential of the velocity pulse comes from its' energy and was strongly related with its predecessor and successor pulse.
3. A new sensing system that can accurately measure the 3D temporal characteristics directly in experimental studies has been developed.

4. A set of six different type of structures (2 single story steel structures, 3 comparable single story R/C structure and one high-rise R/C building structure) were designed to be conducted on the shaking table for confirming the theoretical and analytical findings including the relationship between the structural damage and the pulse characteristics and the directivity of input ground motions.
