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Girih Tiling Patterns in Google SketchUp
As far back as the 13th century, Islamic architecture has 
featured amazing and intricate geometric patterns. 

Historians and mathematicians had assumed that the 
craftsmen who created these patterns did all their work with 
compasses and straight edges. But a few years ago, it was 
discovered that many of these patterns were actually made 
using a set of five repeating tiles, called girih tiles. (The 
story of this discovery by Peter Lu and Paul Steinhardt is 
very interesting; read about it at 
http://www.nytimes.com/2007/02/27/science/27math.html.)

“Girih” is Persian for “knot,” and refers to the straight lines that run 
through these tiles, forming what’s called “strapwork.” The strapwork 
is usually what you see on these buildings; the actual borders of the 
tiles don’t appear. For an example of this, look at the stone piece to the 
right. On the left side you can see strapwork, and on the right side you 
can make out an overlay of the tiles that contain the strapwork.

A geometric description of these tiles can be found on Wikipedia: http://en.wikipedia.org/wiki/Girih_tiles.

In this project, we’ll start with the five girih tiles, and learn a few ways to combine them into amazing patterns.
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Teacher Note: All text that appears in red is for the teacher version only, and does not appear in the student 
version.

For this project, it helps to have some basic knowledge of Google SketchUp (though detailed instructions are 
provided). In particular, it’s important to know how to zoom and pan the view. If you need more information on 
how to get started, and a description of some basic tools, please read 3DVinci’s Getting Started Guide (PDF). 

PC users: go to http://www.3dvinci.net/SketchUp_Intro_PC.pdf.
Mac users: go to http://www.3dvinci.net/SketchUp_Intro_MAC.pdf.

Girih Pattern 1
For this pattern, we’ll move tiles together and rotate them into place.

1. To download the girih tiles used in this section, open the Google 3D Warehouse: 
http://sketchup.google.com/3dwarehouse. In the search field, enter “girih tiles.” For the model shown below, 
click the “Download to SketchUp” link.

Here are the tiles in SketchUp: one decagon and one pentagon (each with a mark at its center), an irregular 
hexagon, a rhombus, and a shape known as a “bowtie.” The edge lengths of each tile is identical. The lines 
inside each tile are the strapwork; each starts at the midpoint of an edge, and is 54 degrees from that edge.

Each tile is a component, which means that if you change one, all copies of that tile will also change. 
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Teacher Note: If you or your students are curious about how these tiles were made, here’s how I did it. This 
requires a bit of SketchUp skill, but the method is not difficult.

For the decagon and pentagon, use the Polygon tool, setting the number of sides before starting to create the shape. 
Don’ worry about the radius or edge length. To mark the center, right-click on the polygon’s edge and choose 
Point at Center.

For each of the remaining three shapes, start with just a single line of any length. As an example, I’ll explain how 
I made the rhombus, which has internal angles of 72, 108, 72, and 108. I started with a horizontal line, selected 
the line, and activated the Rotate tool. I placed the protractor at one end of the line, and pressed Ctrl (PC) or 
Option (Mac) for copying. For the first rotation point, I clicked the other endpoint of the line, then made the rotated 
copy. To make the rotation angle exact, I typed 72 and pressed Enter.

To continue the rhombus, I selected the copied line, and used Rotate to make a 108-degree copy of it.

After three edges were complete, I added the last line with the Line tool, which filled in the face.
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The strapwork inside each tile consists of lines that are 54 degrees from each edge, starting at each edge midpoint. 
I used the Protractor tool, placing the protractor at a midpoint, clicking one endpoint of an edge, and rotating out 
a 54-degree guide line.

Creating these 54-degree guide lines at each edge results in a complete (but messy) set of guide lines:

To clean up, trace lines between points where the guide lines intersect, then erase the guide lines.

When all five tiles and their strapwork are compete, make each tile into its own component.

Here’s how to change the tiles so that all edge lengths are identical. For each tile, open its component for editing, 
and use the Tape Measure tool to set an exact distance between two corner points. Use the same distance for each 
tile component. As an example, the rhombus shown below has a measured edge distance of about 21”. So I typed 
20 and pressed Enter, which enabled me to resize just that tile, without affecting other objects. Then for each of 
the other tiles, I edited and resized using the same 20” distance. 

Finally, when each component is resized, give each one its own color. (You don’t have to edit a component to paint 
it, just paint each tile while it’s “closed.”)

There are books in the 3DVinci GeomeTricks series that explain all of the above, in great detail. The two series 
that are most relevant are Periodic Patterns and Aperiodic Patterns, both of which are described at the end of this 
project.
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2. The first step is to join the irregular hexagon to the decagon. Activate the Select tool (shortcut key: Spacebar) 
and click the irregular hexagon tile to select it.

3. Activate the Move tool (shortcut key: M), and click the hexagon corner shown below.

4. Move the hexagon to the decagon corner shown below.

5. The hexagon now needs to be rotated into place. So keep it selected and activate the Rotate tool (shortcut key: 
Q). Click to place the protractor at the point where the two tiles meet.
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6. The next two clicks define the rotation angle. First click the hexagon corner shown below on the left, then 
click the decagon corner shown below on the right.

7. Another decagon will now be placed to the right of the hexagon. This time, select the decagon, and activate 
Move. Press the Ctrl key (PC) or Option key (Mac), which means a copy will be created. For the first move 
point, click the decagon corner shown below on the left, and for the second move point, click the hexagon 
corner shown below on the right.

8. Now we’ll add some bowties. Use the Move and Rotate tools to add four bowties to the pattern:

If you’re good at using the Rotate tool to make rotated copies, you can save yourself some work!

9. Then bring in four rhombi on each side, plus two more decagons.
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10. Keep adding to the pattern, until you get this:

You could keep adding more and more tiles to this pattern, but let’s move on to the next one...

Teacher Note: The eight patterns I created for this exercise are all in the 3D Warehouse, ready for you to 
download! For search terms, just use “girih pattern.”

Girih Pattern 2
This pattern will introduce rotated copies.

1. Start in a new file containing only the five tiles, and arrange one decagon, bowtie, and hexagon like this:

The pentagon and rhombus aren’t used in this pattern, so you can erase them.
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2. The bowtie and hexagon will be rotate-copied around the decagon, which is why the center of the decagon 
was marked. First, select both of these tiles (press Shift when you want to select multiple objects). Then 
activate Rotate and place the protractor at the center of the decagon.

3. Press Ctrl / Option to make copies. For the first rotation point, click one corner of the decagon, and for the 
second rotation point, click an adjacent decagon corner. The rotation angle should be 36 degrees (one-tenth 
the angle around a circle).

4. After the first copy is made, type 9x and press Enter. This creates 9 copies, for 10 total sets of tiles.

5. To continue building outward, add a decagon here:
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6. Select and rotate-copy this new decagon around the decagon in the center.

7. The next ring consists of these four repeating tiles:

8. Here’s how it looks after the four new tiles are rotated-copied:
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9. Again, you can keep adding tiles infinitely, but I stopped here:
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Try These Patterns
There is an infinite number of ways you can combine these five tiles. In addition to the two already described, here 
are six more you can try. You should also try to create your own!

Teacher Note: You can have students design their own girih patterns as classwork or homework assignments.
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But Wait, There’s More!
Because these tiles are components, there are endless ways to make your patterns even better. There are a few ideas 
presented here, which you can try out on any of your patterns.

1. Before making any changes, choose Window / Model Info from the main menu. In the Model Info window, 
open the Components page, and uncheck both Hide boxes. This means that when you edit a component, 
everything else in the model will be temporarily hidden from view. Then close the Model Info window. 

2. Right-click on any tile and choose Edit Component.

That tile is now open for editing, and everything else in the model disappears.
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3. From the girih description on the first page of this project, remember than the strapwork is what appears in 
most Islamic architecture, not the tiles themselves. So activate the Eraser and erase the outer border of this 
tile, leaving just the edges of the strapwork and the face inside.

4. Right-click outside the tile and choose Close Component. This brings back the other tiles, and you can see 
that every similar tile has been changed.

5. Edit each of the other tiles the same way: open one for editing, erase its outer border edges, and close the 
component.
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6. This leaves a lot of blank space, which is easy to fill in. Select all of the tiles (use Ctrl+A or Cmd+A), 
right-click on any selected tile, and choose Explode.

7. Then use Line to trace one edge of each blank space. This fills in the missing faces, which you can then paint.

Here’s another idea: leave the tiles as they are (don’t erase edges), but edit each one and change its colors.
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And for a really cool pattern, edit each tile to contain just its strapwork, use Offset to create frames, use Push/Pull 
to make the frames 3D, and paint each interior face with a translucent material.

Teachers, Want More?

If you’re interested in learning more about girih tiles, here’s an interesting article: “Medieval Islamic Architecture, 
Quasicrystals, and Penrose and Girih Tiles” 
http://home.earthlink.net/~mayathelma/sitebuildercontent/sitebuilderfiles/medieval.islamic.archetecture.quasicr
ystals.girih.tiles-r.tennant.pdf

And this site features a fabulous, animated applet showing the infinite nature of girih tiles: 
http://gregegan.customer.netspace.net.au/APPLETS/32/32.html

If you like tiling projects, you’ll love 3DVinci’s GeomeTricks series! These are the books on Periodic Patterns:
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And these are the books on Aperiodic Patterns. If you like girih tiles, you’ll really love Patterns Based on Fives. 
This book goes into Penrose and Kepler tiles, which are quite similar to girih tiles.

All books are available in print and as printable PDF. For details on GeomeTricks, go to 
http://www.3dvinci.net/ccp0-catshow/GM.html.

You can also sign up for our SketchUp Project of the Month subscription. Each month you will receive THREE 
FUN PROJECTS (one in math, two in 3D design) that can be used in K-12 classes. Details at 
http://www.3dvinci.net/ccp0-prodshow/POM.html. 

The subscription’s math project for February is about using symmetry to create a Valentine heart:


