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This PowerPoint 2016 template produces a 36”x46” 

presentation poster. You can use it to create your research 

poster and save valuable time placing titles, subtitles, text, 

and graphics. 
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Zoom in and out
 As you work on your poster zoom in and out to the level 

that is more comfortable to you. 

 Go to VIEW > ZOOM.

Or use the Zoom slider at the bottom right 

corner of the Powerpoint window.

Title, Authors, and Affiliations
Start designing your poster by adding the title, the names of the 

authors, and the affiliated institutions. You can type or paste text into 

the provided boxes. The template will automatically adjust the size of 

your text to fit the title box. You can manually override this feature and 

change the size of your text. 

TIP: The font size of your title should be bigger than your name(s) and 

institution name(s).

Adding Logos / Seals
Most often, logos are added on each side of the title. You can insert a 

logo by dragging and dropping it from your desktop, copy and paste or by 
going to INSERT > PICTURES. Logos taken from web sites are likely to be 

low quality when printed. Zoom it at 100% to see what the logo will look 

like on the final poster and make any necessary adjustments.  

Photographs / Graphics
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 

proportionally by holding down the SHIFT key and dragging one of the 

corner handles. For a professional-looking poster, do not distort your 

images by enlarging them disproportionally.

Image Quality Check
Zoom in and look at your images at 100% magnification. If they look good 

they will print well. 
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How to change the template color theme
You can easily change the color theme of your poster by going to the 

DESIGN menu, click on COLORS, and choose the color theme of your 

choice. You can also create your own color theme.

How to add Text
You can create additional headers and text blocks 

by copying and pasting the existing ones or by 
adding a text box from the HOME menu. 

 Text size
Adjust the size of your text based on how much content you have to 

present. The default template text offers a good starting point. Follow 

the conference requirements.

How to add Tables
To add a table from scratch go to the INSERT menu and 

click on TABLE. A drop-down box will help you select 

rows and columns. 

You can also copy and a paste a table from Word or another PowerPoint 
document. A pasted table may need to be resized, or re-formatted by 

RIGHT-CLICK > FORMAT SHAPE, TEXT BOX, Margins.

Graphs / Charts
You can simply copy and paste charts and graphs from Excel or Word. 

Some reformatting may be required depending on how the original 
document has been created.

How to change the column configuration
Hold down the SHIFT key and select multiple objects to move them as a 

group. Move different groups of objects to get the layout you want. 

How to remove the info bars
If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. On the Mac adjust 

the Page-Setup to match the Page-Setup in PowerPoint before you create 

a PDF. 

Save your work
Save your powerpoint as both a powerpoint and pdf.

Print your poster
When you are ready to have your poster printed, go to the Poster Printing 
page on GrinnellShare and submit new item.  If you have any questions, 

please contact the Science Division office at [3172].

Introduction

Granular Media is a material composed of discrete 

solid particles, with solid-like or fluid-like behavior 

depending on their arrangement.

  Granular entanglement describes the jamming 

behavior that emerges from the overlap between convex 

hulls of non-convex particles. Our work employs 

computational modeling and bulk simulations to 

quantify and compare the entanglement capacity of 

various parametrized family of non-convex geometries. 

Conclusions
Our current result confirm that granular accessibility 

is a metric closely related to changes in geometry and 

reflect the degree of openness of the structures. 

  Considering settling height as a measure of 

entanglement, our simulations suggest that accessibility 

may be able to predict interlocking behavior. Further 

work will focus on 3D equivalent of similar problems.
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Results
• We developed two algorithms for generating one-parameter families of shapes using python (pygmsh and shapely) and gmsh:

o By prescribing a polygon to directly define a shape by specifying a sequence of points

o Using volume primitives such as addSphere, addBox, and addCylinder to construct basic geometries, apply Boolean operations like cut, fuse, and

intersect to modify them, and perform union using fuse to merge multiple volumes before intersection

• We developed a sweeping algorithm to compute accessible area/volume in 2D and 3D grains.

• Opening angle vs accessible area/volume: the shapes with higher opening angle results in higher accessibility.

• 3D-printed shapes for demonstration and visualization: We generated a dataset to tackle an inverse problem: designing particle to 

have prescribed bulk entanglement: non-convex shapes with higher accessibility results in stronger entanglement. 

• Structures with higher accessibility have a larger settling height difference, which means they are more likely to provide lower degree 

of entanglement. 
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Numerically computed accessible regions 

for several particle geometries
Accessible volume for 3D Pacman 

shape against all rigid motions of 

an interacting particle

Snapshot of a settling simulation of nonconvex 

particles under gravity

Left figure: less accessibility

Right figure: more accessibility 

(40 cores, ~30 mins per simulation)

Mathematical concept: differential equations

Where 𝜌(𝑥) is the material density at position x, ሷ𝑢(𝑥, 𝑡) is the 

acceleration, 𝐹𝑖𝑛𝑡(x, t)  is the internal peridynamic force, and 

𝐹𝑒𝑥𝑡(x, t)  is the external Discrete-Element force between 

every two particles.

Definitions:

• Accessible area 

the area which could be reached by the other object.

• Inaccessibility

the ratio of inaccessible area to the whole area. We 

hypothesized that the greater the inaccessibility, less possible 

one object is to be entangled with another.

Simulation:

We set up a bulk simulation in a container with 400 non-convex particles. 

After allowing the particles to fall due to gravity and to settle down, a 

force is applied to the container to have the particles realigned. By 

measuring the height difference before and after the settling, we plot the 

height difference against the accessibility.

We defined the degree of entanglement as γ, which is (1- φ) where φ is 

the bulk volume fraction: φ = α/𝑖.
The settled height α is the final height the bulk achieves, while the 

unsettled height 𝑖 is the original height of the bulk, the same as the height 

of the container.

We identify features of particle 

geometry such as accessible volume 

and angular coverage that 

contribute to stronger entanglement. 

Varying degrees of entanglement 

control structural stability, offering 

shape-driven cohesion for 

reconfigurable engineering structures 

without adhesives.

Accessibility vs opening angle 

for C and Pacman
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