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Nonlinear hysteretic Model  

Note:  Also available with Tension Cut-off  
for interface between structure and soil 



Soil Constitutive Model 

 Multi-yield surface plasticity model (based on Prevost 1985) 
 Incorporating dilatancy and cyclic mobility effects 

Conical yield surfaces for granular 
soils (Prevost 1985; Elgamal et al. 
2003;  Yang and Elgamal 2008) 

Shear stress-strain and effective 
stress path under undrained shear 
loading condition (Parra 1996, Yang 
2000,  Yang and Elgamal 2002) 



OpenSees at UC Berkeley 



OpenSees    http://opensees.berkeley.edu/  

PEER Center, UC Berkeley, Prof. Gregory Fenves   

Open-source platform 

Solid Node Fluid Node

Beam Element 
for Pile 

Solid-Fluid Fully Coupled 
Element for Saturated Soil 

http://opensees.berkeley.edu/


http://cyclic.ucsd.edu/openseespl 
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OpenSeesPL Graphical User Interface 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl  
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl  
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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OpenSeesPL:  http://cyclic.ucsd.edu/openseespl 
 

http://cyclic.ucsd.edu/openseespl
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Shallow Foundation Caisson 

Ground Modification Soil-structure Interface  



Ongoing Research 
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Ground Modification 
- Gravel Drain/Stone column 
- Pile Pinning 

Schematic view  
of stone column  
or pile-pinning layout 

10 m depth 
Sand Layer 
(or Silt Layer) 

Mild Infinite Slope (4 degrees) 



http://cyclic.ucsd.edu/openseespl 
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OpenSeesPL 

OpenSeesPL 
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OpenSees Computations through Graphical Interface OpenSeesPL 

Pile group displacement 
of the 3x3 pile group (for 
different spacing) and 
the single pile under 
lateral loading. 

Elgamal, A. and Lu, J. (2009). “A Framework for 3D Finite Element Analysis of Lateral Pile 
System Response,” Proceedings of the 2009 International Foundation Congress, ASCE GSP 
186, M. Iskander, D. F. Laefer, and M. H. Hussein, Editors, Orlando, Florida, pp. 616-623.  



http://en.wikipedia.org/wiki/File:DumbartonBridgeCA_and_Towers.jpg  

http://en.wikipedia.org/wiki/File:DumbartonBridgeCA_and_Towers.jpg




4 x 8  4.5 ft Diameter Hollow RC Piles 
 

2D (long) x 2.15D (trans) pile spacing 

Dumbarton Bridge 
16
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C (kPa) 
34 
58 
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60 



Applied Loads 
 
1. Bridge Own weight 
 
2. Pushover analysis (1 g) 



2.1 (Edge) 3.6 (Edge) 

3.4 (Corner) 5.2 (Corner) 

0.01 (Inner) 1.0 (Inner) 

0.4 (Outer) 2.8 (outer) 

1.4 (Edge) 1.4 (Edge) 

2.3 (Corner) 2.3 (Corner) 

0.3 (Inner) 0.3 (Inner) 

1.1 (Outer) 1.1 (outer) 

Static Bridge Load (single Pile Axial Force = 900 kN) 

Pushover+ Static Bridge Load 
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Front 
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Back 



Load versus pile cap displacement curve for pile group  

Permanent Deformation 



OpenSeesPL Bridge-Ground Model for Performance-Based 
Earthquake Engng- with Prof Kevin Mackie 









Ensemble of 160 3-D Earthquake Excitation Records (Jack Baker, Stanford)  







Unit Costs 







30 % of original cost 
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Definition of Hazard Level at Specific Bridge Location 



2475 yr event 

475 yr event 



(Mean expenditure per year on repairs is 0.0002 of cost of structure)  
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10 % in 50 years event 

2 % in 50 years event 















Case 1: Stiff soil and Case 2: Soft soil 



Stiff soil: Peak bridge Accel: 2g 

Soft soil: Peak bridge Accel: 1g 



Stiff soil: Residual Displ: 0.10 m 

Soft soil: Residual Displ: 0.15 m 



Fine mesh: Comparison of total repair cost ratio (%) for Cases 1 & 2 

Stiff Soil: Driven by Bridge Peak Accel 

Soft Soil: Driven by residual displacement 
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