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Why OpenSees?

� Difficult to continuously maintain, update and re-use research codes

� Commercial software expensive and restricted

� OpenSees is free, and

– a good platform to test ideas and make implementations available

– uses modern programming paradigms with greater granularity

– excellent structural/geotechnical analysis capabilities developing all the time

– HPC version

– excellent wiki with lots of help for users including many example scripts



OpenSees Abstractions

DomainModelBuilder Analysis

Recorder

Constructs the 
objects in the model 
and adds them to 
the domain.

Monitors user 
defined parameters 
in the model during 
the analysis

Moves the model 
from state at time t
to state at time t + DDDDt

Holds the state of the 
model at time t and (t + DDDDt)

i

Source: Frank McKenna (PEER/UC Berkeley)



Domain

Domain

Element Node TimeSeriesMP_Constraint SP_Constraint LoadPattern

ElementalLoad NodalLoad SP_Constraint
Truss
ZeroLength
ElasticBeamColumn
NonlinearBeamColumn(force, displacement)
BeamWithHinges
Quad(std, bbar, enhanced, u-p)
Shell
Brick(std, bbar, 20node, u-p, u-p-U)
Joint
GenericClient
ExperimentalElement

Constant
Linear
Rectangular
Sine
Path

Source: Frank McKenna (PEER/UC Berkeley)



Material

Source: Frank McKenna (PEER/UC Berkeley)

Material

UniaxialMaterial nDMaterial section

Elastic
ElasticPP
Hardening
Concrete
Steel
Hysteretic
PY-TZ-QZ
Parallel
Series
Gap
FatigueMaterial

Elastic
J2
TemplateElasto-Plasto
FluidSolidPorous
PressureMultiYield(dependent, 
independent)

Elastic
Fiber



Addition of “SiF” capability

� Objectives
– All development consistent with OpenSees OOP and modular structure

– Enable SiF analysis including fire and heat transfer calculations
– Enable SiF analysis on “damaged” model after earthquake analysis

CFD dataLocal / movingZoneParametricStandardFires
Flux or
Temp. 
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New thermo-mechanical classes



New heat transfer classes



Thermal benchmarks

Phase change benchmark
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(a) geometry and boundary conditions 

(b) FE discretised mesh 
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Thermo-mechanical Benchmark 1
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Left half of steel restrained beam subjected to a uniform temperature 
increment, DT = 1000oC 
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Thermo-mechanical Benchmark 2



Free end Spring end Pin end
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Validation problem 1
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Validation problem 2

Full scale test of damaged
RC frame subjected to fire
IIT Roorkee, India (UKIERI funding)



2D frame model & cyclic loading



Response over 13 cycles 

-200 -100 0 100 200

-300

-200

-100

0

100

200

300

Horizontal dsiplacement (mm)

T
ot

al
 R

ea
ct

io
n 

F
or

ce
 (

kN
)

 node1

1 2
3

displacement – force curve of control node 1 



-80 -60 -40 -20 0 20 40 60 80
-300

-200

-100

0

100

200

300

 

 

A
pp

lie
d 

F
or

ce
 (

kN
)

Horizontal Dsiplacement (mm)

 node 1

1 2

3

Comparison with test (5 cycles)

-350

-250

-150

-50

50

150

250

350

-100 -80 -60 -40 -20 0 20 40 60 80 100

Lo
ad

 (K
N

)

Displacement (mm)

Load-Displacement Plot for Roorkee Frame



Fire loading
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Residual strength testing



Final remarks

� 2D-3D truss and 2D beam-column element completed and tested

� New C++ OOP heat transfer code completed and tested

� Work progressing on 3D beam-column, shell and 3D heat transfer

� Interfacing fire-heat transfer-structural analysis should begin soon

� Fully functional capability expected by summer 2012 

� All code (after exhaustive testing and benchmarking) will be offered to 
be included in OpenSees official release for free open-source access

� OpenSees is becoming a “community code” for the earthquake 
engineering, it makes sense for it to be adopted by the SiF community 
as well
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