
ANALYSIS OF LATERALLY LOADED LONG OR INTERMEDIATE
 
DRILLED SHAFTS OF SMALL OR LARGE
 

DIAMETER IN LAYERED SOIL
 

(FINAL) 

CCEER 01-02 

Prepared by: 

Mohamed Ashour

 Research Assistant Professor
 

Gary Norris
 
Professor of Civil Engineering
 

and
 

Sherif Elfass
 
Research Assistant Professor
 

University of Nevada, Reno
 
Department of Civil Engineering
 

Prepared for:
 

State of California
 
Department of Transportation
 

Contract No. 59A0348
 

June 2004
 



ACKNOWLEDGMENTS
 

The authors would like to thank Caltrans for its financial support of this project.  The authors would also 

like to acknowledge Dr. Saad El-Azazy, Mr. Anoosh Shamsabadi, Dr. Abbas Abghari, Mr. Angel 

Perez-Copo, Mr Steve McBride, Mr. Bob Tanaka and Mr. Tom Schatz for their support and guidance 

as the Caltrans monitors for this project. 

i 



DISCLAIMER
 

The contents of this report reflect the views of the authors who are responsible for the facts and 

accuracy of the data presented herein. The contents do not necessarily reflect the official views or 
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ABSTRACT
 

Strain wedge (SW) model formulation has been used, in previous work, to evaluate the response of a single 

pile or a group of piles (including its pile cap) in layered soils to lateral loading. The SW model approach 

provides appropriate prediction for the behavior of an isolated pile and pile group under lateral static loading 

in layered soil (sand and/or clay). The SW model analysis covers the entire range of soil strain or pile 

deflection that may be encountered in practice. The method allows development of p-y curves for the single 

pile based on soil-pile interaction by considering the effect of both soil and pile properties (i.e. pile size, 

shape, bending stiffness, and pile head fixity condition) on the nature of the p-y curve. 

This study has extended the capability of the SW model in order to predict the response of laterally loaded 

large diameter shafts considering  1) the influence of shaft type (long, intermediate or short) on the lateral 

shaft response; 2) the nonlinear behavior of shaft material (steel and/or concrete) and its effect on the soil

shaft-interaction; 3) developing (partial or complete) liquefaction in the surrounding soil profile based on far

and near-field induced porewater pressure; and 4) vertical side shear resistance along the shaft wall that has 

a significant contribution to the lateral shaft response. 

The incorporation of the nonlinear behavior of shaft material, soil liquefaction and vertical side shear 

resistance has a significant influence on the nature of the calculated p-y curves and the associated t-z curves. 

Contrary to the traditional Matlock-Reese p-y curve that was established for small diameter long (slender) 

piles and does not account for soil liquefaction and the variation in the shaft bending stiffness, the current 

approach for large diameter shafts can provide the p-y curve based on varying liquefaction conditions, 

vertical and horizontal shear resistance along the shaft, and the degradation in shaft flexural stiffness. In 

addition, the technique presented allows the classification and the analysis of the shaft as long, intermediate 

or short based on soil-shaft interaction. 
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