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EXECUTIVE SUMMARY

Cast-in-drilled-hole (CIDH) bridge shaft/columns provide an economical option for California highway construction. The inelastic deformations for a CIDH shaft/column occur below grade; therefore, the overall lateral load behavior of the system is influenced by the interaction between the shaft and the surrounding soil, commonly modeled using p-y curves. Current models for p-y curves are calibrated primarily from lateral load testing of relatively small diameter shafts and pile. This study utilizes test results of a full-scale, 6 ft (1.8 m) diameter, reinforced concrete shaft/column that was constructed and tested to failure under cyclic lateral loading. Details of the testing program are provided in Part I of this report. Part II is concerned with analytical studies and modeling associated with the project. Research findings are presented in two subsections. First, results obtained using the p-y model studies are presented in Chapters 2-5, followed by the findings obtained in the three-dimensional finite element modeling studies in Chapters 6 and 7.

The p-y model studies utilized a two-dimensional nonlinear finite element model of the test specimen. The shaft/column was modeled using a flexibility-based fiber model. The soil around the shaft was modeled using two types of p-y models, one in which the nonlinear soil-shaft interaction is modeled using a nonlinear spring, and a second that includes a gap element model. Analyses utilizing p-y springs developed from the API design guidelines predict a softer load-displacement response than that obtained from experiment. Analyses performed using models of p-y curves derived from the experimental test results capture reasonably well the load-displacement response of the test shaft. However, the best results are obtained when the experimental p-y model is modified to allow for gapping and drag effects. 

A 3-D finite element model (ABAQUS) was used to provide numerical simulations of the laterally-loaded 6 ft. diameter shaft. The soil-shaft contact, elastic/plastic constitutive behavior of soil, and nonlinear behavior of reinforced concrete were simulated. Effect of shaft diameter on the results of numerical simulations was studied comparing the results from 2 ft. and 6 ft. diameter shafts simulations. Results showed good agreement between simulations and field measurements for lateral load vs. lateral displacement at the top of the shaft, p-y curves at various depths, and shaft curvature vs. depth. Results also showed that gap width at the ground surface, gap depth, and hinge point depth increase with increasing applied load. It was also found that cyclic lateral loading produces a larger gap around the shaft than static lateral loading. Simulation results indicated that shaft diameter has an important effect on the slope of the initial linear section of a p-y curve. 
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