
RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

QUICK START (cont.)

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.

You can also manually change the color of your background by going to 
VIEW > SLIDE MASTER.  After you finish working on the master be sure 
to go to VIEW > NORMAL to continue working on your poster.

How to add Text
The template comes with a number of 
pre-formatted placeholders for headers and text 
blocks. You can add more 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 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
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can 
also be customized on the Master. VIEW > MASTER.

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. You can also 
delete them by going to VIEW > MASTER. On the Mac adjust the 
Page-Setup to match the Page-Setup in PowerPoint before you create a 
PDF. You can also delete them from the Slide Master.

Save your work
Save your template as a PowerPoint document. For printing, save as 
PowerPoint or “Print-quality” PDF.

Student discounts are available on our Facebook page.
Go to PosterPresentations.com and click on the FB icon. 

(—THIS SIDEBAR DOES NOT PRINT—)
DESIGN GUIDE

 

This PowerPoint 2007 template produces a 36”x60” presentation 
poster. You can use it to create your research poster and save 
valuable time placing titles, subtitles, text, and graphics. 
 

We provide a series of online answer your poster production 
questions. To view our template tutorials, go online to 
PosterPresentations.com and click on HELP DESK.
 

When you are ready to  print your poster, go online to 
PosterPresentations.com
 

Need assistance? Call us at 1.510.649.3001
 

QUICK START
 

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.

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.  

TIP: See if your company’s logo is available on our free poster templates 
page.

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. 

ORIGINAL DISTORTED
Corner handles

G
o

o
d

 p
ri

n
ti

n
g 

q
u

al
it

y

B
ad

 p
ri

n
ti

n
g 

q
u

al
it

y

© 2015 PosterPresentations.com
2117 Fourth Street , Unit C
Berkeley CA 94710

posterpresenter@gmail.com

We consider the systems of particles exposed to compression, with the main goal of 
developing better understanding of the properties of force networks, the mesoscopic 
structures characterized by a size which is large compared to the particle size, but 
small compared to the domain size.   
Computationally, we consider  3-Dimensional systems of bidisperse particles.   To 
compress the system, the walls move inward at a small constant speed. The system 
is then relaxed by decreasing the velocity of the walls.  The system is defined as 
being relaxed if the particle contacts are at a force less than 0.1, or the average 
velocity of the particles is less than 0.1 times the velocity of the compression of the 
walls. The simulation runs until the system reaches a packing fraction of 0.75.  
Using various techniques discussed in what follows,  we analyze the properties of 
force networks that form in the system as it is being compressed.  

Introduction

Experimental Setup:
● photoelastic particles sitting on a plane
● pressure applied by rubber bands from 

right hand side
● polarization filter for detecting forces on 

particles
Objective: computing fractal dimension and 
Betti numbers (introduced in Topology and 
Percolation section) and influence of increasing 
pressure.

Fractal dimension, Df:
● values of Df ~ 1.75, consistently with [6]
● Df slightly increases as applied pressure 

is increased, as shown in [6]  

Experiment

Classical Measures

● Fractal Dimension is a measure of the 
space-filling capacity of a pattern 
relative to the dimension it is 
embedded in. 

● We compute this as the Minkowski 
“Box-Counting” Dimension, Df, for 
the Percolating Cluster:

Df log(1/L) ∝ log(N)

with L the box length and N the number of boxes.
●  Df of the percolating cluster on the critical boundary is related to one of the 

critical scaling exponents [6], [9].

Percolation and Fractal Dimension

Topology
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Betti numbers:
We observe a decreasing trend for B0 (number of clusters) values with 
increasing force applied on the right boundary. The values of B1  do not 
show a specific trend.

Percolation in particulate systems is a collection 
(cluster) of particles that connect opposite 
boundaries of the enclosing box. We can focus on 
particles that experience total forces above specified 
threshold, Fth, and study percolation properties as Fth 
changes. 

We find the force threshold, 
Fth, for which the probability 
of percolation is P=0.5. The 
rise in the force threshold 
curve corresponds to the 
jamming transition, similarly 
as in [7] for 2D systems. 

Probability Distribution Function: This measure gives the probability of finding a force of a certain 
magnitude. The main finding (see figure) is that the probability of finding a force decays exponentially with 
the force magnitude.

Correlation: Force Force Correlation: calculated with  F(t) = (∑i∑j>iδ(|rij-r|)(fi-f)(fj-f))/(∑i∑j>iδ(|rij-r|)) where 
rij is the distance between particles i and j, fi is the total force acting on particle i, (c) is the Dirac delta 
function, and <f> is the mean force of the system. 
CRF Correlation: calculated with C(r, fcut)=<(fi-<y>)(fj-<y>)>/σy

2 where fi is the force acting on contact i, 
<y> is the mean of all the force contacts, and y2 is the variance of y.
Radial Correlation: calculated with g(r)=1/(4πr2 drNr ρ0 )∑i=1

N∑i≠j
N δ(r-ri, j) where N is the number of particles 

in the system, Nr is the number of particles that were included for the distance r, ρ0 is the number density of 
the system, and ri, j is the distance between particles i and j.
Results: peak in correlation at approximately one particle diameter in radial and force-force correlation. 
Larger friction resulting in higher correlation.
Structure Factor: Describes the sixfold symmetry of contact points between particles in a system, calculated 
by Q6=1/N ∑i=1

N 1/(Ci-1)∑k=1
Ci-1cos(6θk) where N is the number of particles in the system, Ci is the number of 

contacts on particle i, and θk is the angle between two consecutive contacts at the particle. Our conclusion is 
that the systems approach the crystalline structure over time, but never perfectly reach it (Q6 is never 1), and 
although friction affects structure over time, it does not strongly impact structure after complete compression.
Cauchy Stress Tensor and Fabric Tensor: The Cauchy stress tensor is a matrix that describes the overall 
direction of forces within a system. The fabric tensor is a similar matrix that considers only the positions of 
particles, not the forces between them. We use these matrices to analyze the anisotropy of the system, or how 
uniform the system is in terms of either particle forces or particle positions. Both plots exhibit the same 
behavior of being very noisy before a certain packing fraction, then “calming down” after that point.
Angle Distributions: We also looked at the distribution of angles between contacts in the system. The 
motivation behind this is similar to the structure factor Q6 , where we are expecting to find 60 degree angles 
representative of tetrahedrons formed by hexagonal sphere packing. For strongly compressed systems, there is 
a clear peak around 60 degrees, and a mostly flat distribution after about 110 degrees. This lines up with what 
we saw in Q6 : there are many 60 degree angles, but they are not an overwhelming majority.
Results: Our results provide significant information about the properties of force fields in compressed granular 
systems. These results, that are in general consistent with the ones found in the literature [1, 5-8], are currently 
further being analyzed to extract in more detail the influence of the friction coefficient and system size.

Simplicial complex: The topological space under consideration in this section is 
the simplicial complex formed by considering particles under forces (of a 
certain varying force threshold). These particles are the 0-cells and their force 
chains the 1-cells.
Total Persistence: We used total persistence, a measure of how far a persistence 
diagram is from the empty diagram, to get a first approximation of how the 
persistence diagrams change as system size and friction changes. Although we 
cannot directly compare two systems because we have approximated an 
n-dimensional distance by 1-dimensional distance, it provides a range of how 
far the persistence diagrams of each system might be from each other. This is 
calculated by Persp(d)=∑x∈d  (2infy∈Δ (||x-y||∞))p, where we use p = 2.
Betti Numbers: We also computed the Betti numbers of each system. These 
count the number of connected components (Betti 0), loops (Betti 1), and 2 
dimensional bubbles (Betti 2). 
Results: Total persistence graphs corroborated the results of percolation 
techniques – system size increases the total persistence (more particles lead to 
more Betti generators in each dimension, except 2) but does not qualitatively 
affect the behavior. Friction causes the maximum total persistence in dimension 
0 to occur at lower packing fractions, due to the system jamming sooner 
because of the higher friction locking particles together. This jamming 
decreases the number of connected components, lowering the total persistence 
of dimension 0. Higher friction causes the dimension 1 total persistence to grow 
at lower packing fractions but makes the growth linear.
The Betti numbers offer a more interesting result: as expected, there is a steady 
local maximum at or near normalized force threshold 1 (the average force), and 
there is a local maximum along packing fractions for low force thresholds 
which shrinks for high force thresholds. However, there is also a ridge 
connecting these two local maxima, a result previously unseen in 2D systems. 
As before, system size only scales the Betti numbers, but friction causes the 
local max along packing fractions to shift to lower packing fractions and lowers 
the maximum, emphasizing and elongating the local maximum at force 
threshold 1.
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