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OPTIMIZATION-DRIVEN CONCEPTUAL STRUCTURAL DESIGN 

Grasshopper Plugin Design Exercises 

 

1. BASIC WORKFLOW 

• Open simple2D.gh in Grasshopper 

• Check its workflow and make sure you understand it. 

• Enable the LPSolver to generate an optimized truss layout, displayed using Solution Viewer. 

 

2. CHECK YOUR HAND-DRAWN TRUSSES 

It is possible to check the efficiency of your hand drawn trusses and compare them to optimal solutions. For 

example, for Question 1: 

• Open question1.gh in Grasshopper, you will see the design domain being displayed. 

• Go to top view in Rhino (Rhino Tip: you can maximize your view by double clicking the “Top” 

label). 

• Draw your truss in Rhino using Line or Polyline (Rhino Tip: you can turn on “Grid Snap” to place 

your lines precisely). 

• In Grasshopper, read in your lines in the Curve component by right-clicking it and selecting “Set 

Multiple Curves”, and then select all lines you have drawn in Rhino. Your solution will be 

displayed (if it is a valid truss structure). 

• Enable layout optimization, and zoom out your view in Rhino to see a comparison of the solutions 

fed into the Solution Viewer component. 

• You can improve your solution via the Rationalization component which uses geometry 

optimization. Change its number of iterations from 0 to 1 by dragging the slider bar, and see how 

your structure evolves. Also try more iterations. 

Repeat the above steps for Questions 2 and 3 using their respective grasshopper files question2.gh and 

question3.gh. How does your initial guess differ from the near-optimum solution in each? 

  

Download the example files from: http://www.build-opt.org/london2019 

http://www.build-opt.org/london2019
http://www.build-opt.org/london2019
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3. CONFIGURE THE PLUGIN FOR MORE COMPLICATED PROBLEMS 

Open simple3D.gh in Grasshopper. (Grasshopper Tip: you can double click the GH canvas and then type 

component names to create them quickly.) (Grasshopper Tip: you can hide geometries by right clicking on the 

relevant component and deselecting preview.) 

Nodal division: 

• Change the nodal division number to 10 in LPSolver, examine the nodal grid by previewing the 

component, and check the solution. 

Unequal stress:  

• Change the compressive yield stress to 300 MPa in the Material component, check the solution. 

Multiple load cases:  

• Duplicate the entire load case group (i.e., include all components in the group named “Load 

case”). 

• In the newly created second load case, disconnect the 0.1kN panel from z direction, and then 

reconnect it to the y direction. 

• Add the second load case to the Problem specification component (press “shift” key and then 

connect). Check the solution. 

• This problem is also available from the download page as simple3D_multiple_loadcase.gh  

Joint cost: 

If your solution looks very complicated, you may add a joint cost to simplify it. 

• Add a joint cost (e.g. 1%) to the “JCost” input of LPSolver component. 

• Note that joint cost is not the actual manufacturing cost of joints. Instead, it penalizes short 

members to generate simpler solutions. 
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4. POST-PROCESSING STEPS 

The solutions generated by layout optimization may be quite complex; a few post-processing tools can be used 

to address this. To check these, open complex_cantilever.gh in Grasshopper and switch on the solver; examine 

the solution (Note: this example may take a few minutes to solve). 

Rationalization: 

• The Rationalization component automatically adjusts joint positions by solving a non-linear 

optimization problem known as geometry optimization. Generally, it simplifies the solution and also 

improves structural efficiency. 

Simplification: 

• The Simplification component reduces the number of members in a structure by solving a non-linear 

optimization problem. It normally reduces structural complexity at a cost of structural efficiency. 

Other post-processing tools: 

• The Filter, Create Crossovers, Reduce Complexity and Merge Nodes components allow users to 

manually modify the structure. 

Select the component to display a preview of its action on the input solution before running.  

These post-processing tools can be used in conjunction to generate more practical designs. You can add 

various solutions simultaneously (flattened) to the Solution Viewer to display them in a gallery, and alter the 

visualisation of the gallery using the Gallery Settings component. 

 

 

 

  

Download and investigate other Grasshopper files available at http://www.build-opt.org/london2019 

http://www.build-opt.org/london2019
http://www.build-opt.org/london2019
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5. LIMITATIONS 

Some features have not yet been incorporated in the current plugin. 

• Global stability has not yet been programmed. Currently, an alternative solution is to apply a few 

more ‘stability’ load cases.  

• Buckling effect has not yet been considered during layout optimization (though it can be included in 

geometry optimization, see “other examples”). A practical solution is to lower compressive stress 

limits. 

• The optimization does not include deflection limits. To address this, stress limits can be scaled down 

to compensate.  

 


