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Problems could be Studies by the GUI

» Seismic Excitation: Linear and nonlinear (incremental
plasticity based) 3D ground seismic response with
capabilities for 3 dimensional excitation, and multi-
layered soil strata.

» Pushover Analysis: Inclusion of a pile or shaft in the

the 3D ground mesh (circular or square pile in a soil
1sland).

» Ground Modification: Various ground modification
scenarios may be studied by appropriate specification
of the material within the pile zone.



Seismic Excitation
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Pushover Analysis

» Force Based or Displacement Based

» Monotonic or Cyclic
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Pile Element Types
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Soil Materials

8: Cohesionless medium, sand permeahility

» Elements: brickUP, 20_8 BrickUP
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: Cohesionless loose, grawvel permeahility
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Ground Modification Scenarios

FL Finite Element Mesh

» Material within the
pile zone (e.g.,
gravel permeability)

» Materials outside
the pile zone (e.g.,
multi-layered soil
strata with sand or
silt permeability)




Other Features
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Straightforward
and fast mesh
definition/
refinement




Output: Deformed Mesh

FL Deformed Mesh
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EPP ratio contour
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Eff. confinement contour

Step Mo. IEDD J Time (second) |2
Scale Factor |32|JE3 Animation Flaying Delay (millisecond) |1 a [¥ Endless Playing




Output: Excess Pore Pressure Contour

PL Deformed Mesh
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Output: Pile Response Profiles

PL Pile Response

Rotation Profile

(File: rotProf.txt)

Fesponse profile j of IDispIacem j in ILongitudinaIdiredion j

ent

Oi ent
Acceleration

Bending Maoment
Shear Force
Pressure

Bending Moment Profile
(File: mormpProf.txt)

Displacement Profile

Shear Force Profile
(File: shrProf txt)




Output: Pile Response Histories

PL Pile Response

Fesponse histaries j of

IDispIacement j in ILongitudinaIdiredion

&6m above ground surface (pile head) (File: rotHis 6m. txt)

. |Acceleration
Disp|Ratation
& above ground s|Bending Moment
Shear Force
Pressure

3m above ground surface (File: pdispHis 3m.txt)

Displacement History

fill

4.5m above ground si

1.5m above ground surface (File: momHis 1.5m.txt)

om {ground surface) (File: shriis Orn.txt)




Output: Pile Response Relationships

PE Pile Response Relationships

tomentcursature j at Om j in ILDngitudinaI direction j
Bm (File Top)
om (grour?m [ tet)

om (ground surface) (File: [oad dispx Om.txt)

Moment-Curvature Relationship
(at Different Locations of Pile)

Load-Displacement
Relationship




Output: Soil Acceleration Time Histories
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Longitudinal acceleration histories j at |+8.54m j in ILDngitudinal plane crossing pile center j
0N T_I_J ol atiom =k o -~
Langitudinal displacement (rel 1o base) histaries || : : :

Transwvers acceleration time histories linal Acceleration Histories (m/s/s)
Transverse dlsplﬁ_u:em_ent (rel.tn base) histories (ground surface) (File: laccHis Om.txt)
“erical acceleration histories

Yerical displacement histaries

Excess pore pressure histories

Shear stress vs. strain & eff. confinement

Depth: 4m (File; laccHis 4m. txt)




Output: Excess Pore Pressure Time Histories

PL Response Time Histories

Excess pore pressure histories j at |+B.54m j in ILDngitudinaI plane crassing pile center j
Cepth: 2m (File: eppHis 2m.xt) -




Output: Shear Stress vs. Strain & Effective Confinement

FL Response Time Histories

+3.54m

Shear stress ws. strain & eff. confinement ﬂ at

The two graphs below are evaluated at 5.58m depth.

Longitudinal Shear Stress (kPa) vs.
Longitudinal Shear Strain (File:
=5 5.58m.txt)

Longitudinal Shear Stress (kPa) vs.
Effective Confinement (kPa) {File:
sP 5 .58m.txt)




Comparison with PLAXIS

Soil, linear E % Compact E % Diameter I
elastic elastic
100 MPa 0.35 concrete pile 20 GPa 0.25 I m 0.049 m*
(K/G=3)

The pile 1s 6m above terrain, 6m into soil. The soil layer 1s 10m thick.
The load 1s 100kN at pile head.

OpenSees Mesh

PLAXIS Mesh (S. Nordal, 2006)



Deflection Comparison

N\
N\
N\
N\
N\

Deflection PLAXIS | OpenSees | Difference
(mm)
Pile head | 19.47 18.13 7%
Ground 1 4 g9 1.97 1%
surface




Bending Moment Comparison

PLAXIS

PLAXIS | OpenSees | Difference
Max.
Moment 685 600 12%
(KN-m)
Location g.eSIOI\r:I Near
for Max surface

surface

Openbees




Summary

» A user interface for pile analysis
developed.

using OpenSees was

» Analysis options available include seismic excitation,
pushover analysis and ground modification.

» Features include automatic mesh

ing of soil and pile

configurations, available libraries of already calibrated

so1l models, and structural mode!

» Future work includes option for |

s for seismic response.

pile group.

» OpenSeesPL can be downloaded

from:

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



