
ASSIGNMENT – FIRE MODULE 



OpenSees
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“OpenSees, the Open System for Earthquake Engineering 

Simulation, is an object-oriented, open-source software 

framework. It allows users to create both serial and parallel finite 

element computer applications for simulating the response of  

structural and geotechnical systems subjected to earthquakes and 

other hazards.”

https://opensees.berkeley.edu/wiki/index.php/Main_Page

OpenSees is a collection of  objects for structural analysis. Similar 

to a Matlab toolbox, or a Python package.

https://opensees.berkeley.edu/wiki/index.php/Main_Page


OpenSeesPy
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Source: https://openseespydoc.readthedocs.io/en/latest/src/thermal.html

https://openseespydoc.readthedocs.io/en/latest/src/thermal.html


OpenSees for Fire
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Free download: https://openseesforfire.github.io/

https://openseesforfire.github.io/


General steps in pre-processing
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1. Clear objects

2. Define dimensions and DOFs

3. Materials

4. Nodes

5. Boundary conditions

6. Nodal masses

7. Elements

8. Define special output

9. Apply gravity load

10.Apply fire demand (structural temperature-time history)



OpenSees Fire
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Differences in commands in structural analysis: 

- Material library: Steel01Thermal, Concrete01Thermal

- Section: FiberThermal

- Element type: dispBeamColumnThermal

- Element fire loading pattern:

- eleLoad('-ele', i, '-type', '-beamThermal’, 500.0, -0.165, 30.0, 0.165)



Validation: Thermal Expansion
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A steel beam (IPE 330 section) is heated to 1180 o C. Horizontal displacement of  right end (Node 2) 

is monitored. This displacement is normalized against the original length and plotted against the beam 

temperature. The calculated thermal expansion is compared against Eurocode 3, Part 1-2 steel 

temperature-dependent thermal expansion .

Eurocode 3, part 1-2



Validation: Material Degradation
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Py

In Scenario A, IPE 330 steel beam at room temperature is first subjected (incrementally) to its axial 

yield load 𝑷𝒚 at Node 2 as shown. The load-deformation of  Node 2 is compared to Steel01Thermal 

material behavior. Young’s modulus and yield stress of  steel are 𝐸 = 200 𝐺𝑃𝑎 and 𝜎𝑌 = 355 𝑀𝑃𝑎, 

respectively.  In Scenario B, the beam is first heated to 400 ℃ and then subjected to the same load 𝑷𝒚. 

Two cases are compared to each other. 



Assignment: Beam under Fire
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... . ... .

IPE 330

10 kN/m

𝑇 = 690 ℃

𝑇 = 825 ℃
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Assignment: Beam under Fire
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10 kN/m

Effect of  boundary conditions

• Pin-roller

• Pin-pin

• Fix-fix

Initial utilization ratio (@ 𝑡 = 0) 

• Low load

• High load
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Structural Fire Behavior 
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Importance of  restraints
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𝑇𝑐𝑟 = 692 ℃𝑡 ≈ 18 𝑚𝑖𝑛

Eurocode 3

𝑇 = 780 ℃



Importance of  restraints
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𝑃𝑚𝑎𝑥

𝑏𝑒𝑎𝑚 ℎ𝑎𝑛𝑔𝑠
𝑜𝑛 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑃𝑦 = 2223 𝑘𝑁



Importance of  restraints
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𝑀𝑝 = 286 𝑘𝑁.𝑚

𝑀𝑚𝑎𝑥




