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1. Introduction to Form Finding 
 

Form finding is a process of finding an equilibrium form of a model under a specific set of internal 

force and external constraints.   
 

Several methods are available for computer-aided form finding. Some of the most popular methods 

are the Force Density method, the Dynamic Relaxation, the Surface Stress Density method and the 

Updated Reference Strategy Method.  

 

1.1. Force Density  
 

Windas implemented the Force Density Method for form finding. Force Density is defined as the 

force per unit length. This approach of tensile membrane structure form finding is to determine the 

force density for each net element that will result in global self-equilibrium. When a tensile 

membrane is in a state of self-equilibrium, the internal force is in equilibrium too.  
 

1.2. Membrane Forms 
 

Membrane form is either regular (Cartesian) or a radial as shown in the figure below:  

 

 
 

 

In the force density method, a membrane form is represented by a system of net. A regular net has 

its principal axis parallel to the warp and weft directions of the fabric respectively. The warp lines are 

represented by blue net while the weft lines are represented by orange net respectively. 
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2. A Simple XY Net / Regular Net 
 

This tutorial shows the essential steps of form finding using Windas. Create a simple 10 x 5m flat 

membrane with 10% sag along the borders. With this model, we are going to perform some editing 

features in Windas as well. 

 

2.1. System Points 
 

System points are the nodal points used to define the external profile (border) of a membrane. A 

system point is a reference point on the membrane border and it is used to connect to steel 

supporting elements. For design and detailing of membrane parts, a system point is used as 

reference point for the design of masts, tieback cables, clamping plates, etc. 

 

The system points for a simple 10 x 5m membrane are the four corner points. Use the Generate | 

Node command to create the four system points. 

 

 
 

 

 

 

 

 

  

Node ID X Y Z 

1 0.0 0.0 0.0 

2 10000.0 0.0 0.0 

3 10000.0 5000.0 0.0 

4 0.0 5000.0 0.0 
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2.2. External Membrane Border 
 

The external membrane border is formed by connecting the nodal points 1, 2, 3,4 together in 

anticlockwise order.  

The command to create the external border is Generate | Membrane Constructors | External 

Border.  

Click Accept to accept the default settings as shown below. 

 

 
 

The external border defined by segment B1, B2, B3 and B4 is created. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each external border segment, by default, is defined with 8 points and a curvature of 10% sag 

toward the membrane centre. The default curvature is towards the membrane centre. 

 

Use the List | Membrane Constructors | External border command to get a listing of the border 

ǎŜƎƳŜƴǘǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ 
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2.3. Perform Form Finding 
 

The form-finding command of regular net is Generate | Membrane Forms | Regular Net.   

As this command is being used often, it is included on the quick menu bar.  

Click this icon to select the Generate | Membrane Forms | Regular Net command. 

 

 

 

 
 

The Generate Regular Net dialog box appears: 

 

 
 

One of the primary factors that influence the form finding thus the design of a tensile membrane 

structure is the Fabric mesh width. Coarse membrane model is formed with larger fabric mesh width 

while finer model with smaller fabric mesh width. The choice of the fabric mesh width for a given 

model is a matter of experience. The default fabric mesh width is 1000mm.  

 

Click the Accept button to accept default parameters for form finding and your first membrane 

model is created automatically. 
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The generated model comprises of membrane surface, warp nets, weft nets and border cables.  

Save the model using the File Save command and name the model as Simple XY Net.   

2.4. Model Representation and Editable Features 
 

The table below gives the model representation of the membrane net created. 

 

Representation Color Color ID Property ID 

Fabric Net (Warp) Blue  1 1 

Fabric Net (Weft) Cyan 10 2 

Border Cable  Red 14 3 

Membrane  Surface  Light Blue 2 15 

 

To view the net only, turn off the display membrane surface with this command.  

 

 
 

 
 

In this example, two of the weft lines are too close to the border cable. There is nothing wrong with 

the model except the membrane elements are distorted and may affect the accuracy of load analysis. 

If you are not satisfied with the membrane model created, you may change the model by changing 

either the Mesh origin, Fabric mesh width or the external border curvature. 
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2.4.1. Undo Form Finding 
 

Before conducting any changes, delete the founded form by clicking on the undo form finding 

toolbar. Then you can try again with different fabric mesh width. 

 

 

 

 
 

2.4.2. Changing Mesh Origin and Check Point Stop 
 

Undo the form finding and start again with the mesh origin at x = -1250.0, y = 1250.0 
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2.4.3. Changing Fabric Mesh Width 
 

Perform form finding with a fabric mesh width of 750 mm. (Note: always remember to undo the 

existing form finding) 

 

 
 

 
  

This model with a fabric mesh width of 750mm is better than the one with a width of 1000mm. 

 

Occasionally, you may receive the following message with a given fabric mesh width.  

 

 
 

This is due to warp and weft line too close to the border and you may need to manually edit the 

model if you want to use it for load analysis. 

 

Try fabric width 500mm or other values as pleased. 
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2.4.4. External Border Curvature 
 

Use the Edit | Membrane Constructors | External Border | Each command to modify the border 

curvature for segment B1 and B3 to 7.5%. 

Reducing the sag value also means that the external border will appear to be more straight than 

curvy. 

 

 
 

Perform form finding with the same parameters below, 

 

 
 

As it is shown below, the warp and the weft lines are now further away from the border cables as 

the border cables tend to straighten. 
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2.4.5. Straight External Border 
 

To create straight border, use the Edit | Membrane Constructors | External Border | Each 

command to change the sag amount by % of to zero and set the condition of restrained to Yes.  Click 

on the Update All button to edit to all four border segments. 

 

(Note : You must restrain the border segment in order to get a straight border) 

 

 
 

Perform form finding of a regular net with the Generate | Membrane Form | Regular Net command.  

Use the form finding parameters as shown in the dialog box.  

 

 
 

A rectangular membrane model is created!  

 

 
 

The surface area of the membrane can be check by using the WinFabric | Fabric Surface | Area 

command. Check that the surface area of the 10 x 5m membrane is indeed 50m2.  
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2.4.6. Form Finding Checkpoint 
 

Lƴ ǘƘƛǎ ŎƻƳƳŀƴŘ ǿƛƴŘƻǿ ǿŜ Ŏŀƴ ƻōǎŜǊǾŜ ǘƘŜ άǎǘƻǇ ŀǘ ŎƘŜŎƪ Ǉƻƛƴǘέ ŎƻƭǳƳƴΦ ²ƛǘƘ ǘƘƛǎ ŦŀŎƛƭƛǘȅ ȅƻǳ 

may select to stop the form finding process at various check point. These check points are useful for 

diagnostic purpose. It allows the form finding to stop at different level thus allows manual 

modification of the mesh before form finding. 

 

 
 

To re-start form finding at stop at check point, use the WinFabric | Force Density Form Finding 

command. 
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2.4.7. Positive Border Curve 
 

An external border segment is said to have positive curvature when it is bulging out. To test out this 

function, edit all the border segments to 10% sag and set curvature kind to positive (out) by clicking 

Edit | Membrane Constructors | External Border | Each then input the data as shown below. 

Note : border segment with positive curvature must be restrained. 

 

 

 
 

 

Perform form finding with any parameters. 

 

 
 

There is a better way of modeling positive curvature using membrane constructor given in Chapter 

Four. 

 

 

2.4.8. Warp Angle to Global 
 

By default, the warp line is parallel to the global x-axis.  

There are occasions when the desired warp lines are at an angle to the x-axis.  

Use warp angle to global or use the Modify | Rotate | Model command to accomplish the task. 
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3. A Simple Radial Membrane Net 
 

A radial net has its origin inside the membrane and radial outwards to the border. The most 

commonly seen radial membrane is a tent with a high point ring.  

   

 
 

3.1. System Point 
 

The system points defining the eight corners of a radial net with hexagonal base are: 

 

Node ID X Y Z 

1 -5000 -8660 0 

2 5000 -8660 0 

3 -9396 -3420 0 

4 9396 -3420 0 

5 -9396 3420 0 

6 9396 3420 0 

7 5000 8660 0 

8 -5000 8660 0 

 

Use the Facility | Reorder | Node | Anticlockwise command to reorder the node sequence.  
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3.2. External Membrane Border 
 

Specify the external border with the Generate | Membrane Constructors | External Borders 

command. Set the fabric net type to radial. 

 

 
 

3.3. High Point Ring 
 

High point ring is one of the most commonly used membrane constructor in tensile membrane 

structures.  

Use the Generate | Membrane Constructors | Circular Ring command to create a circular ring of 

radius 1000mm at the centre of the membrane and is 3000mm above ground. 

 

 
 

 
Membrane Constructors with high point ring and a vertical mast in NW View 

 

Save the model as A Simple Radial Net with the File | Save as command. 
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3.4. Form Finding 
 

Perform radial net form finding with the Generate | Membrane Form | Radial Net command or click 

on the quick access button.  

 

 
 

The radial net form finding parameters are as shown in the dialog box. 

 

 
 

The default division of the radial net is from the ring centre to the Border Node whereas the default 

number of points dissection the border segments is 8. Therefore, we will get eight radial seam line 

from the ring towards each border segments. 

 

 
 

Radial Membrane After Form Finding in Perspective View 

 

To change the number of points on border segment, Edit | Membrane Constructors | External Border | Each.  
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3.5. Radial Net Division Method 

 

There are two methods of division of radial line (waft line) used for form finding of a radial net, 

Border Node Method and Meridian Angle Method. 

 

3.5.1. Border Node Method 
 

Use Edit | Membrane Constructors | External Border | Each command to change the number of 

point representing the external segment to 12. Click Update All when the number of points has been 

set. 

 

 

 

Now there are 12 radial (warp) lines for each border segment in the radial net. 

  



 

Copyright © 2020 Multimedia Engineering Pte Ltd                              

 

20 

3.5.2. Meridian Angle Method 
 

The division of radial (warp) lines is by the meridian angle. For a meridian angle of 15,̄ there will be 

a total of 24 radial (warp) lines on the radial net. Now instead of editing the border node, we can 

directly edit from the form finding command box. Note that we need to tick on the Meridian Angle 

instead of border node for this command to work. 

Note : always remember to do the undo form-finding before conducting any new form-finding. 

 

 

Now there are 24 radial (warp) lines in the whole radial net segment.  
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3.6. Radial Hoop Pre-Stress Ratio 
 

Radial to hoop pre-stress ratio is the ratio of the pre-stress along the Radial (warp) to the hoop (weft) 

direction. The default value is 2.0.  

Undo form-finding and try with a new radial to hoop ratio of 0.5 and 1.0 respectively. 

 

 
Radial/Hoop Prestress Ratio = 1.0 

 

 
Radial/Hoop Prestress Ratio = 0.5 

 

The shape of a radial model is determined by then radial to hoop ratio.  

 

3.7. Tilted Mast 
 

Edit the high point ring using the Edit | Membrane Constructor | Circular Ring command. Change 

the x-axis of base of the mast to 1000. 

 

 
 

And repeat the form finding. 
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4. Radiating Net 
 

A special form which is a hybrid of regular and radial form is known as radiating or source net. The 

warp lines are radiating out from Node ID 1. 

 

 
 

Radiating form is commonly used in area where a complete radial tent is not possible. For example, a 

cantilever canopy attached to a wall with a 90o turn. 

 

 

4.1. System Points 
 

Use the Generate | Node command to create the four system points. 

 

 
 

 

 

 

 

 

 

  

Node ID X Y Z 

1 0.0 0.0 0.0 

2 10000.0 0.0 0.0 

3 10000.0 10000.0 0.0 

4 0.0 10000.0 0.0 
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4.2. External Membrane Border 
 

The external is defined by nodal point 1, 2, 3 and 4. The command to create the external border is 

Generate | Membrane Constructors | External Border | All | Accept.  

 

Select Regular fabric net type. Accept. External membrane border defined by segment B1,B2, B3 and 

B4 will then be formed. Save the model as Radiating Net. 

 

 
 

4.3. Form Finding 
 

Use the Generate | Membrane Forms | Radiating Net command to perform form finding. 

 

 
 

Click the Apply button to accept the default form finding parameters. The radiating net will then be 

formed. 

Radiating net is used for regular membrane form with radiating seam lines. 

 

Radiating net is produced using radial net form finding parameter with regular net type. 
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4.4. Modified Form 
 

Modify the simple radiating net example into the following figure. 

 

Edit the system points by using Edit | Nodal Coordinates update according to this table below. 

 

 

 

 

 

Follow the same steps to do external membrane border and form finding. The particular modified 

form will be generated. 

  

Node ID X Y Z 

1 0.0 0.0 2000 

2 10000 -1000 0.0 

3 7500 7500 0.0 

4 -1000 10000 0.0 
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5. Barrel Vault Forms 
 

A barrel vault form membrane structure is a membrane supported by circular arches. This form is 

commonly used to cover a long sheltered walkway. The edge and the end of the membrane may be 

either straight or curved.  

 

 

5.1. Standard Barrel Vault Form 
 

The command for automatic generation of standard barrel vault form is Generate | Membrane 

Forms | Barrel | Accept. 

The following example demonstrates form finding of a barrel vault form automatically. The 

barrel vault has a chord length of 10m and span of 50m. It is supported internally by three 

circular arches. 
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Set the net type to regular for barrel vault form. 

 

 

 

Like the stress ratio in a pressure vessel, the warp-weft stress ratio of barrel vault should be 

at least 2.0. 

 

 

A standard barrel vault is formed. The model is saved automatically as ADAS_BV. 

The plan view is as shown below, 
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Click left view to get this curved view. 

 

 

Click SE View to get this view. We can see that the side edges are straight whereas at both 

ends of the barrel vault are curved edges. 
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5.2. Standard Barrel Vault with Free Border 
 

For creating all standard membrane forms Windas have automatic system points, external 

border and membrane constructors. 

From previous model created, undo form finding. Click the undo form-finding command to 

return the model to state with system points, external border, etc. We can see that all the 

external borders are still straight, as shown below. 

 

 

Use the Edit | Membrane Constructors | External Border | Each command to modify the 

external border to unrestrained border. 

 

 

 

Save the model as BV. Perform form finding using the Generate | Membrane Forms | Arch 

& Border command.  

The following structure will then be formed. 
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Now undo form finding of the BV model again. Save the model as BV Free End.  

Delete external arch ID 1 using Delete | Membrane Constructors | Arch, Ridge & Valley 

Cables command. 

 

 

 

 

 

Perform form finding using the Generate | Membrane Forms | Barrel | Regular membrane. 
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Similarly, delete the last arch and perform form finding gives the following model. Use the 

command Delete | Membrane Constructors | Arch, Ridge & Valley Cables and choose that 

particular arch. If the arch does not delete properly, choose Delete | Element | choose the 

remaining arc element. 

 

 

 

 

5.3. Modified Barrel Vault With Free Border 
 

This section presents a non-standard barrel vault with free border command. The model 

comprises 14 system points and 5 internal arches. This section will illustrate the procedure 

of creating this non-standard barrel form from scratch.  

The arches are arranged in such a way that water will flow from the high point to the low 

point. This type of structure is commonly used as front entrance canopy or along a corridor. 
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Create the system points using Generate | Node (more) | Cartesian. Input these values in the 

command box accordingly. 

Node ID X Y Z 

1 4709.50 10538.84 1490.00 

2 0.00 5161.65 0.00 

3 3889.02 3066.11 0.00 

4 8183.92 1441.36 0.00 

5 11794.71 560.84 0.00 

6 15119.33 107.68 0.00 

7 19140.88 0.00 0.00 

8 25036.36 709.52 0.00 

9 24188.86 4015.95 990.00 

10 19445.24 4142.80 -600.00 

11 16175.39 4641.65 1190.00 

12 13599.98 5418.28 -600.00 

13 10961.69 6611.19 1340.00 

14 8060.44 8489.27 -600.00 

 

 

The external membrane border is defined by nodal point 1 to 14 in anticlockwise order. The 

command uses to create the external membrane border is Generate | Membrane Constructors | 

External Border | All | Accept. 
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Use the Generate | Membrane Constructors | Arches | Regular | 3 points command to 

create the arches. The coordinates of the five arches are as shown below : 

 

 

 

 

 

 

 

 

These five arches form a wave form along the membrane border. 

 

 

Note : the end points of the arches are the system points. 
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Perform form finding using the generate regular net command in the quick access tool box. 

Otherwise we can find the command in Generate | Membrane Forms | Regular Net. 

The fabric mesh width is 500mm. 
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6. Hypar Forms 
 

The expression Hypar is derived from hyperbolic paraboloid form. This form is commonly used to 

refer to saddle shaped surfaces even for surfaces that are not pure hyperbolic paraboloids. It 

consists of two high points and two low points forming a saddle shape. 

 

  

6.1. A simple hypar 
 

The command for automatic hypar membrane form is Generate | Membrane Forms | Hypar. Select 

the command and the hypar dimensional dialog appears. 

 

Click Accept and a hypar of 10m width and 3m depth with a border curvature of 7.5% sag will be 

generated. 
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The XY-net form finding dialog will appear after Accept button. Change the fabric width of 500mm 

and the pre-stress in the warp direction to 3.0kN/m. Click Accept to form find a hypar membrane.  

 

 

Use the Parallel View command in the quick toolbox to observe the hypar from any angle. 

 

 

6.2. Four Hypar Sail 
 

We will create this structure using the previous simple hypar model. First, Save As the model with 

other file name such as A Four Hypar Sail.  

Copy the model from system point 1 to system point 2 using Modify | Copy | Model. Click the Point 

1 box and then click one of the edge point of the hypar to automatically fill in the point coordinate. If 

point 1 coordinate box has been filled, click the point 2 coordinate box. Now, click an adjacent edge 

point from the previous point that you choose. Change the number of copy to 1. A hypar duplicate in 

this particular position will be generated. 
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Repeat those steps to the other diagonal sides of the hypar accordingly. We will then obtained the 

four hypar sails. 
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7. Radial Cones 
 

7.1. Circular Base 
 

A tent with a circular high point ring and a circular base is used to demonstrate the use of 

standard membrane form command for fast generation of membrane form. The geometry 

of the tent is shown on the diagram below.  

 

Select the Generate | Membrane Forms | Conical Tent | Circular command.  Click on the 

Accept button to perform form finding with the default parameters. 

 

 

 

Change the viewing angle to plan and display the model in shrink mode using the Display | 

Element | Shrink | All | Accepts command.  You can see the four different types of 

elements.  
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Representation Color Color ID Property ID 

Fabric Net 

(Warp/Radial) 

Blue  1 1 

Fabric Net (Weft/Ring) Cyan 10 2 

Border Cable  Red 13 3 

Membrane Surface  Light Blue 2 15 

 

In radial net model, the warp direction is known as the radial direction and the weft 

direction is known as the ring direction respectively. 

 

The force density on the model is also generated automatically.  

Click Display | Load Values | Force Density to show the force density distribution on the 

circular tent. 

 

 

As you can see, the force density along the warp and weft directions are not the same and 

changes as you move along from the base of the tent to the high point ring. The force 

density value is a function of the pre-stress and the pre-stress ratio. For radial membrane 

form, maximum membrane stress always occurs at the high point ring. 

 

Different radial to hoop pre-stress ratios will produce different generated forms. Try to 

recreate various ΨŎƛǊŎǳƭŀǊ ōŀǎŜ ǊŀŘƛŀƭ ŎƻƴŜΩ membrane forms using pre-stress ratio of 0.5, 1.0, 

5.0 and 10.0.  
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7.2. Polygonal Base 
 

Many other kind of standard tent forms are included in Windas including square, pentagon, 

hexagon, octagon and decagon tents. 
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Command to use is Generate | Membrane Forms | Tent | Polygon. Select hexagon to 

create a tent with hexagonal border.  

 

 

 

 

Performs form finding with default parameters to create a hexagonal tent.  

 

The meridian angle is used to determine the number of radial warp lines to complete a 360° 

around a complete tent. A meridian angle of 10 will result in 36 radial warp lines.  
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We can repeat the form finding using different method and produce different kind of form. 

First, cancel the existing form-finding. Click Generate Radial Net from the quick command 

toolbar. Use the division by border node method to form the tent.  
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7.3. Elliptical Tent 
 

Click Generate | Membrane Forms | Tents | Elliptical to generate an elliptical tent. The 

following dialog box appears: 

 

 

 

We shall use the default values for this exercise. Please note that the base of the mast and 

the high point ring centre are not at the same X and Y locations. 

Change the Radial/Hoop pre-stress ratio to 5.0 and note that the division method is by 

border node. 
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The elliptical tent is formed with the radial warp lines radiating out from the center of the 

top ring to each border node.  
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8. Umbrella 
 

Umbrella form is almost similar to rectangular tent with a few key differences. In umbrella 

form, the membrane net division always goes straight to the corner; whereas in rectangular 

tent sometimes do not go straight to the corner, making it difficult for the seaming process. 

Another unique characteristic of umbrella form is that it does not have curvature around 

the membrane which disabling the possibility of water ponding on the membrane. 

 

Click Generate | Membrane Forms | Umbrella to create the basic form of umbrella. Enter 

width value of 6000 and click the apply button to create a rectangular umbrella form. Put 

500 for element size in radial direction to get a finer mesh. 
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We can see from the top view that the membrane net goes straight from the center to the 

corner, making it easier for the seaming process. 

 

 

 

Also we can see a very limited amount of curvature on the membrane from the side view. 
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9. Surface 
 

Ruled membrane surfaces are commonly used as overhang canopy at shopping malls, 

supermarket and public buildings. The main characteristic of ruled membrane surface is its 

linear, clear and distinct profile. 

 

9.1. Spline Surface  
 

Select the Generate | Node {more} | Shape | Sine curve command to generate nodes along 

a single cycle of sine curve. 

 

 

 

 

Save the model as Spline Surface.  

 

Use the Modify | Node | Spline (Cubic) command to modify the sinusoidal shape into an 

arbitrary shape. Then, select Generate | Membrane Forms | Surface | Ruled Surface | All | 

Accept to create the membrane form. Select all the nodes. 
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Define the directional vector for the ruled surface. 

 

 

 

9.2.  Revolved Surface 
  

Select the Generate | Node {more} | Shape | Sine curve command to generate nodes along 

a single cycle of sine curve. 
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Select Generate | Membrane Forms | Surface | Revolved Surface | All to rotate the 

selected nodes to form a complex surface. 

 

 

 

Repeat the same step but change to these parameters. The following parameters will 

generate another form. 
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9.3. Sine Curve 
 

Select the Generate | Membrane Forms | Surface | Sine Surface command. Change the 

number of cycles to 3 and click the OK button and save the model. Click Accept to form a 

ruled surface with a sine curve profile. 

 

 

 

 

 

9.4. Sine And Cosine Curves 
 

Another common form of ruled surface is a sine curve along one end and a cosine curve 

along the other end. 
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10. XY Mesh 
 

XY mesh is a very useful command to generate a membrane with an irregular geometry. It 

will also generate the membrane net into a constant rectangular shape; whereas in regular 

net form finding will not give you a constant rectangular shape. 

 

10.1. System Point 
 

Use the Generate | Node command to create this system points. 

Node ID X Y Z 

1 0 0 0 

2 3750 -2500 -1500 

3 7500 -3750 1000 

4 11250 -2500 -1500 

5 15000 0 0 

6 11250 2500 -1500 

7 7500 3750 1000 

8 3750 2500 -1500 

 

10.2. External Membrane Border 
 

Use Generate | Membrane Constructors | External Border to create the external border. 
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Click the accept button to generate the external borders with the default parameters. 

 

 

 

10.3. Form Finding 
 

Use the Generate | Membrane Forms | Xy Mesh command to generate the form finding 

under XY mesh. 

 

 

Put 500 mm for the fabric mesh width and click the accept button to generate the form 

finding. 
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As you can see that the generated membrane net are all rectangular. 
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11. XY Net with Circular Cut-out 
 

The maximum width of fabric material available in the market is 3m. For large tent like membrane 

form, material wastage is extremely high if the cutting pattern is done radially. It is more economical 

to adopt XY net with circular cut-out membrane form for large tent. 

 

 

11.1. A Triple Cone 
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Create this system point using Generate | Node (more) | Cartesian and key in these values 

accordingly. 

Node x-coord y-coord z-coord 

1 3804.31 -431.08 155 

2 11965.13 -7165.67 155 

3 23002.56 -6479.32 155 

4 30502.45 -4177.43 155 

5 41256.21 -7889.81 155 

6 51014.21 -2549.6 155 

7 53835 8095 155 

8 45867.5 18038.74 155 

9 37985.16 28249.17 155 

10 25597.91 31561.7 155 

11 15746.58 25744.14 155 

12 9278.85 17135.68 155 

13 -990 10712 155 

 

The external membrane border is defined by nodal point 1 to 13 in anticlockwise order. The 

command for creating this external membrane border is Generate | Membrane Constructors | 

External Border | All | Accept. The fabric net type is Regular. 

 

 

 

11.1.1.  High Point Rings 
 

To create the high point rings, click Generate | Membrane Constructors | Circular Ring. 

Input the ring coordinates as shown below, 

Fabric Top Ring  1 
Ring Centre  {  15529.01,   6273.31,   4750.00}   Radius=     1175.00 
Base of Mast {  15529.00,   6273.31,    155.00} 
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Fabric Top Ring 2 
Ring Centre  {  27929.48,  15434.25,   5250.00}   Radius=     1175.00 
Base of Mast {  27929.48,  15434.25,    155.00} 
 
Fabric Top Ring  3 
Ring Centre  {  39579.82,   6273.37,   4750.00}   Radius=     1175.00 
Base of Mast {  39579.82,   6273.37,    155.00} 
 

11.1.2. Form Finding 
 

Perform form finding with the regular net command Generate | Membrane Forms | Regular Net or 

simply click on the regular net form finding button located at the quick button toolbar. 

In the XY Net form finding parameter dialog box, change the fabric width to 600mm. 

 

 

Specify the extent of the radial net  from the ring centre in terms of the ring radius. Use the same 

value for ring 2 and ring 3. 

 

 

Specify the number of weft line radiating from the ring as 8 for all three rings.  

 

 

A triple cone membrane will then be formed. 
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Copyright © 2020 Multimedia Engineering Pte Ltd                              

 

57 

12. Bended Membrane Form Finding 
 

This example will attempt to create an L-shaped membrane form using the tilt command. The final 

form would look like this figure below. 

 

 

Create the system points below using Generate | Node (more) | Cartesian. Key in the values 

accordingly. 

Node x-coord y-coord z-coord 

1 0 0 0 

2 10000 0 0 

3 10000 10000 0 

4 10000 20000 0 

5 0 20000 0 

6 0 10000 0 

  

The external membrane border is defined by nodal point 1 to 6. Click Generate | Membrane 

Constructors | External Border | All | Accept. We will then proceed with Windas default setting. 
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These borders are actually flat. We need to perform form-finding first before bending the structure. 

Use Generate | Membrane forms | Regular Net to perform the form- finding. Accept default. 
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Click File | Save As we can name the model as Membrane L.  

We will now proceed to bending the figure. Click Modify | Element | Tilt. Choose the half element 

of the bottom part of the structure. Click Accept. 

 

 

We will now have to choose the bending axis. Choose the middle points as the tilting axis. Insert the 

tilting degree as 90°. 

 

 

The proposed model should then be generated. 

 



 

Copyright © 2020 Multimedia Engineering Pte Ltd                              

 

60 

We can also create double bended Membrane as such repeating the same steps. 

 

 

You can follow this system coordinate and proceed with the procedure. 

Node x-coord y-coord z-coord 

1 0 0 0 

2 10000 0 0 

3 10000 10000 0 

4 10000 20000 0 

5 10000 25000 0 

6 0 25000 0 

7 0 20000 0 

8 0 10000 0 
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13. Arch Ridge & Valley 
 

This section will show how to create membrane forms with arches, ridges, and valley cables. 

13.1. External Arch 
 

In this example an external steel arch is being introduced to a rectangle membrane. 

Create the following system points with Generate | Node (more) | Cartesian command. 

 

 

 

 

 

 

Create the external membrane border with Generate | Membrane Constructors | External Border 

command. The external membrane border is defined by system points 1, 2, 3, and 4 in anticlockwise 

order. Click Accept to accept the default system from Windas. 

 

Save the model as External_Arch 

 

To create the external arch, use Generate | Membrane Constructors | Arches | Regular | 3Pt Arch 

command. Insert the values shown below.  

 

Node ID X Y Z 

1 0.0 0.0 0.0 

2 10000.0 0.0 0.0 

3 10000.0 10000.0 0.0 

4 0.0 10000.0 0.0 
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By default, the arch is an internal arch and is shown in red. Use Edit | Membrane Constructors | 

Arch Ridge and Valley command. 

 

 

Perform form finding with fabric mesh width of 800mm gives 
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13.2. Internal Arch 
Internal steel arches are often used in the design of tensile membrane structures. The membrane is 

either run over the arches or fastened intermittently to the steel arch via clamping plate or garland 

cables. 

 

 

Singapore Botanic Garden 

 

Use the Edit | Membrane Constructors | Arch, Ridge & Valley command to modify the external arch 

of External_Arch model and change back to internal arch. Change the position of the mid point and 

the end points of the arch to the values shown in the dialog box below. 

 

Save the model as Internal_Arch. 
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Perform form finding using Fabric mesh width of 500mm and allows the internal net point to be as 

close as 5mm to the external border. 

 

 

Change the view of the model to NW View and display all the supports on the membrane with the 

Display | Support command. 

 

 

 

 

The internal arch is represented by a series of internal supports.  

The end points of the arch are normally the system points.  
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13.3. Ridge and Valley Cable 
 

Ridge and valley cables are used to form controlled membrane shape as well as providing extra 

stiffness against large deflection. They are very useful in large membrane structures. 

 

Create the following system points and form the membrane external border, all with default values. 

You can use Generate | Node (more) | Cartesian command, enter these values accordingly, then 

Generate | Membrane Constructors | External Border | All | Accept and accept default system. 

 

Node ID X Y Z 

1 0.00 0.00 7500.00 

2 7500.00 2500.00 2500.00 

3 12000.00 5000.00 6000.00 

4 14000.00 10000.00 2500.00 

5 12000.00 15000.00 6000.00 

6 7000.00 16000.00 2500.00 

7 0.00 15000.00 7500.00 

8 -5500.00 14000.00 2500.00 

9 -9750.00 12500.00 6000.00 

10 -12000.00 5000.00 6000.00 

11 -7500.00 2500.00 2500.00 

 

 

 

Save the model as Valley 
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Perform form finding with fabric mesh width of 900mm using XY Net Form Finding in the quick 

access toolbar. 

 

 

Click front view to see the prespective as shown below: 

 

 

Undo the form finding. Generate a valley cable with the Generate | Membrane Constructors | 

Ridge & Valley Cable command. Input the coordinates below. 
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Perform form finding with fabric mesh with of 900mm. 

 

 

 

As you can see the central part of the membrane is lifted up by the valley cable. 

Unlike the external and internal arches, a ridge or valley cable is represented by cable elements and 

is not restrained.  
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14. Restrained Border in Radial Net 
 

Use the Generate | Membrane Forms | Conical Tent | Polygon to create the basic form of a 

polygon tent. 

 

Click the apply button to accept the default parameter 

 

 

We have created a standard form which we will modify accordingly to have a model that we desired. 

Undo form finding. Use Generate | Membrane Constructors | Arches | Regular | 2 pts Arch 

command to generate an arch at the external border defined by node ID 1. 
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After the arch is formed, edit the arch with the Edit | Membrane Constructors | Arch, Ridge & 

Valley command. 

 

 

and change the attributes of the external border to the external arch. Windas will give the external 

arch pretension and the external border in form finding. Use the Edit | Membrane Constructors | 

External Border | Each command. 

 

 

Perform radial net form finding. Use the Generate | Membrane Forms | Radial Net command. 
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15. Restrained Border in Regular Net 
 

First we need to create the system points. Use Generate | Node (more) | Cartesian command to 

create all the coordinates. Type in these values accordingly. 

Node ID X Y Z 

1 0 0 0 

2 2500 0 0 

3 2500 2000 0 

4 2500 4000 0 

5 0 4000 0 

6 0 2000 0 

 

Use the Generate | Membrane Constructors | External Borders | All | Accept command to create 

the external borders. 

 

 

Save the model as RB_Regular 
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Now we need to generate the internal arch and the external arch as the restrained border. Use 

Generate | Membrane Constructors | Arches | Regular | 2 pts Arch command to generate two 

arches. 

Key in the values below accordingly. 

 

 

Use Edit | Membrane Constructors | Arch, Ridge & Valley to edit the curvature of arch ID 2. 

 

We also want to restrain the other end of the structure to a wall for an example. Use Edit | 

Membrane Constructors | External Border | Each command to edit the sag percentage of External 

Border 4. Click Update instead of Update All so that the only segment edited is Border 4. 

 

Use Generate | Membrane Forms | Regular Net command to establish the form finding. 
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We can look from the model that the curve between the 2 arches is too deep; therefore we need to 

increase the force density along the warp direction. 

Now click Edit | Force Density | Each to edit the force density value along the warp direction. Recall 

that warp in Windas is represented by dark blue colour (Colour ID C1). 

 

 

 

Since you want external border ID 4 butted against a wall, we need to make the membrane border 

as a straight line. To make the membrane border a straight line, you need to increase the force 

density to a larger value. Click Edit | Force Density | Group enter group 4 and 1000 kN/m. 

 

 

 

Use WinFabric | Force Density Form Finding command to view the result after changing the value of 

force density.  
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Click Display | Load Value | Force Density to view the force density value on the desired area. 

 

 

Since it is butted against a wall, therefore we need to put support along the border. We can also 

modify the shape by changing the nodal coordinates. 

 

Use Edit | Nodal Coordinates command to modify the height of the restrained border. 

 

 

Use Edit | Nodal XYZ | Z-Slope to make all the nodes between the two nodal a straight line. 

 

 

 

 

 

Now we need to generate supports on those nodes. Use Generate | Support | Nodes30 command 

to do so. Select Pinned support. 
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Last step, we need to make the model of the border line embedded to a wall, so we need to use Edit 

| Nodal XYZ | Y command to make the y-coordinates of the border line align to a wall. 

 

 

 

Use WinFabric | Force Density Form Finding command to achieve the final form. 

 

 

 

 

 

Practice and try to combine several methods to get various forms of restrained border. 
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16. Rosetta Cutout 
 

Another interesting form of a cutout is a Rosetta cutout, which its membrane is generated through 

radiating net. It has a unique characteristic that stress at the high point cutout is minimum. 

Use the Generate | Node (more) |Cartesian command to create this system points. 

Node ID X Y Z 

1 0 0 0 

2 7500 0 4000 

3 11000 2000 0 

4 9500 9000 -6000 

5 -500 9000 0 

6 -1500 4500 4000 

 

Use the Generate | Membrane Constructors | External Borders command; select the system points 

in anti-clockwise order to define the external border. Simply click All | Accept. Choose Radial border. 

 

 

Save the model as Rosetta. 
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Perform form finding using the Generate | Membrane Forms | Radiating Net with default values. 

 

 

Now, we will proceed to generate the Rosetta cutout.  

After we are done the form finding, we need to make a hole on the first weft of the radiating net 

centre. Refer to the picture below to see where the hole is supposed to be. First of all we need to 

delete the force density on the elements that we are going to remove. Using Delete | Load | Force 

Density command and choose all the elements in dark blue color to remove the force density on 

those elements. Recall that the dark blue (color code : C1) are the warp of the structure. Use Delete 

| Element command to remove all the elements that are located inside the designated hole which 

are in dark blue color. 
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After we remove all the elements that we do not need, we also need to remove all the supports 

around the hole, so the cable could just hang on the end-support. Note that we still need the 

support at the end of this particular weft. Refer to the picture below. 

Use Delete | Support command and pick all the supports that we are going to delete to remove all 

the supports around the hole. 

Note : to help you choose the correct supports, right click | label | support. This label can also be 

used for elements name, node, etc. 

 

   

 

 

Č 
 

 

Next step is to change the element type around the curvature of the hole into a cable type element. 

Use Edit | Element Attributes then carefully choose the designated curve elements. You can always 

turn on the element label command to help you choose the elements.  

Choose Element type | Cable 3D. 
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Now after the hole and the cable are formed, we need to apply force density into the cable around 

the hole. Use Generate | Load | Force Density | Cable and choose the curve elements surrounding 

the hole. 

 

 

 

Apply Force Density 

 

 

 

 

Use WinFabric | Force Density Form Finding command to get the final form of Rosetta cutout. 
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Copyright © 2020 Multimedia Engineering Pte Ltd                              

 

80 

17. Multi-cell Cushions Form Finding 
 

17.1. Standard Regular Forms / Random Shape Form 
 

The example of membrane shape we want to achieve is shown below; 

 

First, we need to take some reference points and draw the line to connect the reference 

point in AutoCAD or other software and save it as (.dxf) file. We just need to draw the 

perimeter as a straight line to facilitate us to create this model in Windas. For this kind of 

shape we can draw the perimeter as shown below; 

 

After that we can import the (.dxf ) file to Windas. Then we need to delete the line we made 

before so only the node point remain in our Windas model. 
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Now ǿŜ Ŏŀƴ ǳǎŜ ǘƘŜ άaŜǎƘέ ŎƻƳƳŀƴŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƳŜƳōǊŀƴŜ ƳƻŘŜƭΦ /ƭƛŎƪ ƻƴ Generate | 

Mesh | Mesh Defination | Open. Then a new window will appear as shown below. In the 

new window you can see wŜƎƛƻƴΣ bмΧΦbуΣ b·Σ and NY column. As we see there are only 8 

nodes that can be connected in one region so we divided the membrane into several 

regions. For this case, we divide the membrane into 3 region. Then fill the N1 to N8 column 

with the node number. (Note: we need to fill the node number in anticlockwise sequence. 

See the example below). The NX and NY column is to define how many divided area in X and 

Y direction we need for our membrane model. 
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Save the file and also save as ά filename_ff έ so that later we can open the file before we 

ŘƛŘ ǘƘŜ ŦƻǊƳ ŦƛƴŘƛƴƎΦ !ŦǘŜǊ άǎŀǾŜ ŀǎέ ȅƻǳ Ŏŀƴ ǎŜŜ ǘƘŀǘ ǘƘŜ ƳŜǎƘ ŘŜŦƛƴƛǘƛƻƴ ǿŜ ƳŀŘŜ ōŜŦƻǊŜ ƛǎ 

still there. Now click on the Generate | Mesh | Mesh Defination | Run. Windas will 

automatically create the membrane shape as shown below; 
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Now we need to change the color of membrane surface to C2 and the property to P3. We 

can change the color and the property using Edit | Element Attributes. Then apply the 

tensile membrane property and also the support. First, apply the tensile membrane 

property by click Generate | Tensile Membrane Property. For this example we PTFE as the 

tensile membrane property. 
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After that apply the support. Since we want the loads from membrane later will be 

transferred to the steel along the membrane perimeter, therefore we need to apply the 

support at membrane perimeter. Use Generate | Support | Perimeter  and choose Pinned 

 

 

 

 

Now, before we apply the surface net, we need to set the fabric first. As we see that there 

are some parts with triangle mesh so we need to adjust the warp-weft angle to 45°. Use 

Facility | Set | Fabric  to adjust the angle as shown below; 
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Then use WinFabric |  MeshҦFD Model | SurfaceҦNet to apply the warp and weft net. 

Now we need to generate the border cable to our membrane model. Use WinFabric |  

MeshҦFD Model | Border Cable then the red line along the perimeter will appear (click       

ƛŦ ƛǘ ŘƻŜǎƴΩǘ ŀǇǇŜŀǊύ which is indicate as border cable. In addition we need to update the 

force density using Edit | Force Density | Update | XY net. After do all the step mentioned 

above the tensile membrane model is ready for analysis. However we still can adjust the 

mesh size using WinFabric |  MeshҦFD Model | Mesh Net. In the XY Net Form Finding 

Parameters window change the fabric mesh width as show below. 

 

 

 After finish the modelling we can continue with Materialization  and Triangulation for load 

analysis preparation as mentioned in other chapter in this tutorial.  
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17.2. ETFE Single Cushion 
 

The example of ETFE Single Cushion shape we want to achieve is shown below; 

 

 

 

 

  

 

 

 

 

 

 

First, we need to take 8 reference points at the perimeter and draw the line to connect all 

reference points in AutoCAD or other software and save it as (.dxf) file.  

If there is an Arc, we need to convert it into straight line by dividing it into 3 reference 

points (Low point Ą High Point Ą Low Point) and connect these 3 points using 2 lines. 

 For this kind of shape we can draw the perimeter as shown below; 

 

 

 

 

 

 

 

After that we can import the (.dxf ) file to Windas. Then we need to delete the line we made 

before so only the node point remain in our Windas model. 

To Delete the line, Click on Delete | Element | Display . 

High  

Low 

Low 

1 
2 3 

4 

5 
6 

7 

8 

Original Perimeter After Divided into 8 points 

Contains of 2 layers 

Top Layer 

Bottom Layer 
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Then our Reference Lines will be deleted and only 8 nodes left in our workspace. We can 

ǊŜƻǊŘŜǊ ǘƘŜ ƴƻŘŜǎΩ ǎŜǉǳŜƴŎŜ ōȅ ŎƭƛŎƪƛƴƎ Facility | Reorder | Node Reorder | Anticlockwise. 

 

Save the file and also save as ά filename_ff έ so that later we can open the file before we 

ŘƛŘ ǘƘŜ ŦƻǊƳ ŦƛƴŘƛƴƎΦ !ŦǘŜǊ άǎŀǾŜ ŀǎέ ȅƻǳ Ŏŀƴ ǎŜŜ ǘƘŀǘ ǘƘŜ ƳŜǎƘ ŘŜŦƛƴƛǘƛƻƴ ǿŜ ƳŀŘŜ ōŜŦƻǊŜ ƛǎ 

still there.  
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Now ǿŜ ŀǊŜ ǊŜŀŘȅ ǘƻ ǳǎŜ ǘƘŜ άMeshέ ŎƻƳƳŀƴŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ 9¢C9 ƳƻŘŜƭΦ 

Click on Generate | Mesh | Mesh Definition | Open.  

 

Then a new window will appear as shown below. 

 

In the new window you can see wŜƎƛƻƴΣ bмΧΦbуΣ b·Σ and NY column. As we see there are 

only 8 nodes that can be connected in one region. In this case, 1 region is enough for us to 

make the mesh, but, in more complex shape we may need more than one region.  

 Then fill the N1 to N8 column with the node number. (Note: we need to fill the node 

number in anticlockwise sequence. See the example below).  
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Our X and Y Direction depend on our starting point, for this example, our X direction will be 

at the horizontal direction and our Y direction will be at the vertical direction. 

 

The NX and NY column is to define how many divided area in X and Y direction we need for 

our membrane model. To Close the window, Click Sort | Exit. 

Now click on the Generate | Mesh | Mesh Defination | Run. 

 Windas will automatically create the membrane shape as shown below; 

 

In order to inflate the surface, we need supports along the perimeter of the surface.  

Starting 

Point 
X 

 

Y 

 




























































































































