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MATERIAL WORKSHOP: PRINCIPLES OF CRACKING

SPACE

Cracking as creating the 
space inbetween volumes.

FORCES

The mainfestation of cracks 
as force diagrams.

SUBDIVISIONS

The formal and geometrical 
patterns that emerge as a 
manifestation of forces.

Starting from our work 
in the marterial work-
shop on the behavior 
of cracks, we selected 
three aspects of our re-
search to develop in the 
digital workshop.

Investigating the space 
of the actual crack is 
something that we were 
not able to fully explore 
in the material workshop 
and here we start to see 
what possibilities it of-
fers as a new intersting 
space that is created.

Using different types of 
forces applied to a variety 
of materials in the previ-
ous workshop we began 
to be able to control how 
cracks were formed.  Us-
ing digital techniques we 
gain more control over 
how forces break up an 
object/space.

Looking at the subdivi-
sions that we found in 
the material workshop 
we explore different op-
tions of creating subdivi-
ons.
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DIGITAL TECHNIQUES: SHATTERING

Using the SHATTER 
command in Maya was 
an initial study in how 
to break digital objects 
apart.

Creating random break-
ages, based on newly 
formed triagulated sur-
faces in a previously sol-
id object, the algorythm 
allowed us an easy start 
to study our three prin-
ciples of craking: 1. the 
space of the crack, 2. 
how forces are released 
and, 3. how subdivisions 
are formed.
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DIGITAL TECHNIQUES: PARTICLE FORCES

Moving from the material 
to the digital workshop 
we looked at how the 
forces we used in our 
cracking studies affected 
a uniform particle grid.

As this is an eraly stage 
for our studies, we decid-
ed to apply three basic 
forces: Directional, Ra-
dial and Uniform forces. 

DIRECTIONAL

RADIAL

UNIFORM



CRACKOLOGY: DIGITAL WORKSHOP
TEAM MAYHEM

DIGITAL TECHNIQUES: VORONOI

We approached voronois 
from the desire to repre-
sent the subdivisional 
patterns we found in our 
material cracking stud-
ies.  Voronois have been 
used in animation as a 
way to approximae shat-
ter effects.

We also understand their 
(over)use in recent DRL 
and other projects and 
are vary to repeat and 
use vornois, but hope to 
gain an understanding of 
a posible subsivisional 
system and how we can 
then apply forces to such 
system.

In this light we studied 
how voronois are formed 
and how different point 
distributions create dif-
ferent voronois so as to 
be able to control the 
system.  We studied both 
2D and 3D patterns.

We also looked at the 
possibility of directly 
transforming the 3D 
voronoi into a structur-
al system, though this 
seemed to lack the rela-
tions to our initial studies 
of cracking that we are 
trying to bring further.

VORONOI FORMATION

CONTROLLING THE VORONOI BY ALTERING 
THE INITIAL POINT PATTERN

REDEFINING THE 3D VORONOI 
EDGES AS A POSSIBLE STRUC-
TURAL SYSTEM
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PROCESS: SHATTERING SAMPLES

Using the SHATTER 
command we create a 
catalogue of broken ob-
jects which we hoped to 
use in our further experi-
ments and transfer over 
into our work on the Bat-
tersea Power Plant.

But the command was 
creating random cracks 
that were not based on 
different types, strength, 
or direction of forces, giv-
ing us little to no control 
over the fi nal outcome. 

2 SHARDS

3 SHARDS

4 SHARDS
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PROCESS: GRID - FORCE - VORONOI - FORCE

As the software allowed 
us to apply specifi c 
forces to our project, we 
were able to have much 
more control on the out-
come.

Evenly distributed par-
ticle grids were placed 
throughout defi ned sur-
faces and volumes. The 
applitcation of  one of 
the basic forces stud-
ied previously alters the 
grid, leaving two sets of 
particles in the surface/
volume, the evenly dis-
tributed and the one af-
fected by the force.

Having this new distribu-
tion of particles, Voronoi 
subdivision would de-
fi ne  the fi nal pieces that 
conforms the surface/
volume. As there are 
two totally different par-
ticle distributions, the fi -
nal Voronoi subdivision 
woulde be totally het-
erogenous.

Finally, the same force 
applied to the original 
particle grid is applied 
to the new pieces, gen-
erating different cracking 
subdivision.

UNIFORM PARTICLE GRID NEGATIVE FORCE POSITIVE FORCERESULTING VORONOI

NEGATIVE FORCE ACTING ON 3D PARTICLE GRID

POSITIVE FORCE ACTING ON CREATED VORONOI SOLID 
WITH ADDITIONAL SIDE CONSTRAINTS
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CRACKING BATTERSEA: DIAGRAM

Moving into the develop-
ment of the actual proj-
ect, cracking the Bat-
tersea Power Station, 
we started by analysing 
the possible forces that 
could be applied to the 
building by observing 
the site.

Considering the original 
function of the building, 
a power plant, a radial 
force was located in the 
center of the building, 
representing a genera-
tor of heat. The “explod-
ing force” would push 
both towers located in 
front of the Thames, so 
that gravity would fi nish 
breaking them.

As open spaces surrond 
the building, it is very 
random to identify any 
direct external force that 
could be applied to the 
building, therefore the 
forces used would give 
us the best information 
possible of how a vol-
ume cracks.

One side volume will be 
pushed against the cen-
ter body of the building, 
while the other side will 
have opposing force, 
crushing it. 
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This fi rst sequence of 
images shows hoe the 
forces infl uence both 
towers and central body.

The radial force from 
the center decreases at 
certain point so that the 
shards come to a stop. As 
soon as the central body 
“expands” both towers 
are pushed to one side, 
marking an “entrance” to 
the new subdivided cen-
tral body.

The towers at the other 
side of the Power station 
remain intact, acting as a 
container that do not let 
the free movement of the 
new shards in that direc-
tion.

CRACKING BATTERSEA: MAIN BODY
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These two short se-
quences show how both 
volumes located at the 
side of the central body 
are affected by the differ-
ent forces applied.

The fi rst sequence shows 
a force pushing the vol-
ume against the central 
body. Here the central 
body acts as a container 
so that the shards can 
not move freely.

The second sequence 
presents two opposing 
forces applied to the 
shortest sides of the vol-
ume generating a crush-
ing crack. Not only the 
central body but also the 
smaller volumes located 
at the other end of the 
crushed volume act as 
containers, so that the 
forces fi ns some restric-
tions, and obtain a differ-
ent result.

CRACKING BATTERSEA: WINGS
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After all forces have been 
applied and stopped act-
ing, it still remains uncear 
what is happening on the 
inside of the building.

These are sections 
along different parts 
of the building already 
cracked. 

CRACKING BATTERSEA: SECTIONS
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The results we obtained 
from our cracking experi-
ments with the Battersea 
Power Plant, opened our 
options for further devel-
opment in other branch-
es linked with cracking. 

A fi rst consideration, af-
ter seeing the results, 
was by inverting cracks. 
There is the possiblity 
of turning the new sub-
divided volumes into 
voids, while the void ob-
tained by cracks could 
materialize into a pos-
sible structure.

The software used, al-
lowed us to dicover a 
second possibility. That 
is, the interpolation of 
colliding shards in order 
to obtain new spacial for-
mations.

We clearly saw that the 
forces we used were 
very basic and that we 
could get much more 
interesting results when 
applying different kind of 
forces to the same vol-
ume.

A fi nal possibility was the 
felxibility that we could 
gain, going from a 2D 
to a 3D subdivision, de-
pending on the kind of 
force applied.FUTURE EXPLORATIONS

STRUCTURE INTERPOLATION

FORCE VS FORCE 2D TO 3D


