
Geotechnical Examples using 
OpenSees
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Take advantage of tcl scripting!!
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OpenSees Wiki Geotechnical 
Examples
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Other useful tcl scripts @

� http://opensees.berkeley.edu/

� http://sokocalo.engr.ucdavis.edu/~jeremic

� http://cyclic.ucsd.edu/opensees/

� http://www.ce.washington.edu/~geotech/opensees
/PEER/davis_meeting/

� http://opensees.berkeley.edu/wiki/index.php/Ex
amples



Pseudo-Static Pile Pushover Analysis
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Pseudo-Static Pile Pushover Analysis
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1D Consolidation

�������
������	��	����������	
�3����	
#�����
"#$#����%� �����
�%��-�	�������
������
	
��
����%��
-���
�����	
��������
����������������
����!���
�
���	�	�
��� ��#���+��+�������������������������%

-�	���������������	 �����1������
���������4����	��
��
���	���	�
� �
��"�	��	
����
���%

-����������#�������	������	�������� &
����
�	�����	���	
�	�������� ���� �����������
%���
������� �
��"�	��	����
�������������������	��+
����
��
��
�����������
���	���	�
%



1D Consolidation
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Total Stress Site Response Analysis
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Total Stress Site Response Analysis
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Effective Stress Site Response Analysis
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Effective Stress Site Response Analysis
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Effective Stress Site Response Analysis
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Dynamic Analysis of 2D Slope
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Dynamic Analysis of 2D Slope
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Dynamic Analysis of 2D Slope
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Dynamic Analysis of 2D Slope
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Excavation Analysis
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Excavation Analysis
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Excavation Analysis
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Excavation Analysis
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Take advantage of pre- and post-
processors



GiD Problem Type for 2D Analysis
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GiD Problem Type
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Dynamic Analysis of Piles in OpenSees



Research Projects completed 
using OpenSees
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SPSI modeling in OpenSees



Two-column Bent

Northridge motion, amax = 0.25g

Northridge motion, amax = 0.74g



Two-span bridge



Two-span bridge

Bent-S Bent-L Bent-M



SPSI of a complete bridge system

• Five-span bridge

• pile group foundation

• abutment

• liquefiable soil / various layers

• lateral spreading

• earthquake intensities

• uncertainties

Numerical Simulation of a complete 
bridge system using OpenSees

Soil-pile-bridge-abutment 
interaction

Performance Based 
Earthquake Engineering
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• Five-span bridge

• Approach embankments

• Variable thickness of liquefiable soil

SPSI of a complete bridge system



Target bridge system

open-ended steel pipe pile

(f = 2 ft, t = 0.5 in.)

6´ 1 pile 
group 3´ 2 pile 

group

��� � embankment

��� � med. stiff clay

��� � loose-med sand

��� � stiff clay

��� � dense sand



Numerical modeling for target bridge system

Bearing pad spring Pile cap passive 
earth pressure spring

abutment 
reaction spring

Pressure Independent 
Multi Yield material

clay

Pressure Dependent 
Multi Yield material

+

Fluid Solid Porous 
material

liquefiable 
soil

py 
(liquefiable)

py spring 
(dry sand)

py (stiff clay)

Nonlinear fiber 
beam column

Mackie & 
Stojadinovic 

(2003)



Pile group
3x2

abutment

reinforce con’c column 
(column A – 4 ft) prestressed 

reinforced con’c 
bridge 

(type 1 – 22ft)

connection



Bridge system response

Erzincan, Turkey 1992 (amax = 0.70g)

displacement

ru

90 cm
20 cm



3D Pile Analysis

Solid-Solid Model Beam-Solid Model



3D Pile Analysis 
Laterally Loaded Piles (solid-beam contact element)
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3D Pile Analysis
Lateral Spreading Effects
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3D Pile Analysis
Lateral Spreading Effects
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3D Pile Analysis
Lateral Spreading Effects



3D Pile Analysis
Lateral Spreading Effects
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Shear force distribution V for EI=     2390.00 MNm2
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Moment distribution M for EI=     2390.00 MNm2
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Other Applications:  Piles in 
Sloping Ground, Bridge bent 
analysis
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