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Fig. 1. Stevin’s drawings on force equilibria [3]  
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Fig. 2. Load analysis using funicular diagrams and closed 

polygons [5] 
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Fig. 3. The process of introduction and evolution of Graphic 

statics 
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Fig. 4. Form and force diagrams in Graphic statics drawing by Bow’s method [11] 
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Fig. 5. Complete force diagram and calculating the internal force of all elements of the truss [23]  
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Fig. 6. Overview of the algorithm coded in the grasshopper 3d plugin to generate a parametric two-way relational form and force 

diagram for the Warren arched truss 
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Fig. 7. Matching the new form diagram related the new force diagram with previous version  
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Fig. 8. Graphical process of form and force diagram drawing algorithm of Warren arched truss for Graphic statics method 
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Fig. 9. Changes made in the force diagram and redraw the form diagram corresponding to the changes 
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Graphic 

Statics  
Finite 

Element  
Graphic 

Statics  
Finite 

Element  
Graphic 

Statics  
  

5.799374 5.732  33.74322 32.843  33.74322 33.368  B0  

2.345461 2.3178  28.8496 27.189  28.8496 28.563  C2  

7.169194 7.105  28.82715 21.084  28.82715 28.563  D4  

3.9082 3.874  33.76678 24.094  33.76678 33.368  E6  

8.07658 7.998  26.99639 19.318  26.99639 26.754  G6  

6.988481 6.909  25.96979 18.572  25.96979 25.72  G5  

3.008638 2.976  27.38323 13.328  27.38323 27.076  G3  

6.355109 6.285  25.98157 5.628  25.98157 25.72  G1  

7.354756 7.275  27.00661 5.854  27.00661 26.754  G0  

2.627454 2.604  3.050421 0.662  3.050421 3.024  01  
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Table. 1. Comparison of internal forces of sample truss elements based on graphic statics and finite element methods 
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Abstract  

 
Graphic Statics is a visual analysis and calculation method to find the type and amount of internal forces in 

structures, which achieves this importance away from computational difficulties and only with a geometric 

approach focused on two reciprocal diagrams of form and force. In this paper, arched trusses based on Warren 

type are analyzed using graphic statics. For this purpose, the parametric model of form and force diagrams 

were programmed in the Grasshopper parametric plugin. Parametrization has also provided the ability to find 

and analyze any different types of free-form trusses based on the type of warren truss. To measure the validity 

of the method and the accuracy of the algorithm written in the Grasshopper add-on, the numerical results 

obtained from several samples of arched trusses under different loads have been compared with the finite 

element computational method. The results of the validation simulations indicate the high accuracy and speed 

of the proposed algorithm. 

Bow’s notation method with peer-to-peer drawing of members from form to force diagram is a suitable 

method for graphical calculation of forms with discontinuous components such as truss, by which the internal 

force of each component can be obtained separately and through drawings. This streamlines the drawing 

process with rules and principles and makes it easier to continue analyzing components based on calling by 

name. 

First, an algorithm for arched truss production was written. The initial inputs in this algorithm included the 

coordinates of the beginning and end points of the arches and two points as the key of these two arches, whose 

truss height and also its rise are controlled by these two points. The lower arch was then divided into (n) equal 

parts by an arbitrary parameter of natural numbers. This number is one less for the upper arch, i.e. (n-1), so 

that the Warren Arched truss can be formed correctly. After loading, an algorithm for truss naming was created 

based on the Bow’s notation method. To draw the part of the external forces after receiving the starting point 

which is located in the force line and the direction of the line which is obtained from the slope of the truss 

members; The intersection of the calculated lines and the points related to the truss zones are obtained and this 

diagram is drawn. Also, to examine the algorithm more accurately, the abutment reaction values obtained from 

the finite element method and the graphic statics method were compared. The comparison of simulation results 

shows the maximum difference about 1.2 percentage. 

 

Keywords: Warren Arched Truss, Graphic Statics, Finite Element, Parametric Form Finding, Grasshopper 
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