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"Topology optfimization is an offen-used method to generate complex

shapes with a maximized stiffness and litfle volume. Implementations in

(masonry) architecture look promising but requires the implementation
of density dependent forces”.
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create a working topology opfimization methodology and franslate
this in the form of an algorithm.

implement density dependent forces in the methodology and in
the algorithm.

franslate the methodology and the algorithm fo 30 geomeftry.
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“create a working fopology optimization methodology and
franslate this in the form of an algorithm.”
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* Implement the existence of voids
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“create a working fopology optimization methodology and
franslate this in the form of an algorithm.”

attt TOY2

* Implement area loads
* A void indexing system
t' 1» tf ﬁ» Multiple voids
Complex design spaces
* Forces inside the design space
* User-input for these “rooms”

Fiaked
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“Implement density dependent forces in the methodology and in
the algorithm.”

roy3

* Implement self weight in the algorithm
A% * Define sizes of self weight
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“Implement density dependent forces in the methodology and in
the algorithm.”
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* Apply area loads dependent on the roof shape
* Implement a roofing constraint
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“translate the methodology and the algorithm fo 30 geomefry.

Toyé

* Implement density dependent forces
* Implement roof constraint
* Explore possibilities in architecture
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Minimize compliance

minx: c(x) = UTKU
Subjectto:  V(x)
Vo

= volfrac

KU =F
0 < Xmin <X <1

Result
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Define the
problem

\ S

Finite element
analysis

Sensitivity
analysis

Move
asympfofes

Update design
variables

m(move) is a positive move-limit (= 0.2)
n is the numerical damping coefficient (= 1/2)

And Bg is found from fthe optimality condition

Resulft

max (X, i, Xe — M)

min(1,x, + m)

xqew -
if x,B) < max(Xpmin,Xe — M):
if max(Xpin, Xe — M) < x,B, < min(1,x, + m): x,B}
if min(1,x, +m) < x.B :
Where:
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“create a working ftopology opfimization methodology and
franslate this in the form of an algorithm.”
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* Get TopOp to work in Rhino

* User-Inputs
Forces
Supports
Number of elements

* Implement the existence of voids
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* Implement the existence of voids

voids |[voidslist]=1
where voids = 1, x = 0.001
else: x = x

Define the
problem

Finite element
analysis

Sensitivity
analysis

Jolalist

r":clue
asympfotes

Updafe. design
variables

A A A A

Where vords

y Result
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* Implement area loads
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* Implement area loads
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forceValue = 0.01

for roofelement in range(nelx + 1):
nodel.eft = roofelement * (2* (nely+1l)) + 1
nodeRight = (roofelement+l) * (2* (nely+1l))+1
f[nodelLeft, nodeRight] = forceValue / 2
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* A void indexing system

Multiple voids
Complex design spaces i" ’ '
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royz

* Forces inside the design space

IRRRRARERRRRRRRRRRRARE!

t" " #Voidlist contains indexes of the voids
forceValue = 0.01
f id 3 idslist:
f' 1 t' t . Viofl volind 3-011 Sisls;lot in voidlist:

nodetopleft = xvalue * 2*(nely+l)
+ 2 * yvalue +1

nodetopright = (xvalue+l) * 2* (nely+1)
+ 2 * yvalue + 1

f[nodetopleft, nodetopright]= forceValue/ 2
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Toy3
implement self-weight in the methodology and in the algorithm L
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* Implement self-weight in the algorithm
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* Implement self-weight in the algorithm
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* Implement self-weight in the algorithm

Local Optima
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* Implement self-weight in the algorithm

Local Optima

C(z.) = F'U + A(KU — F)
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* Implement self-weight in the algorithm

n
.

L

Define the
problem

»

Finite element
analysis

Sensitivity
analysis

x

Move
asymptotes

Updafte design
variables

7N\ 7\ Y

\ A \ 0
(ULF

L\ N £\ I)

N/ N/ p—y N
‘WLF

raY ) ) !)

g A NS N

N e '

N e S

” Resulf




03

r0Y3

* Implement self-weight in the algorithm

Fe = xe - sel fweight /4
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Toy3

* Implement self-weight in the algorithm
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* Implement self-weight in the algorithm
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* Implement a roofing consfraint
* Add area loads dependent on roof shape
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* Implement a roofing consfraint
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ToY4

* Implement a roofing consfraint
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(a) MMA, Ist iteration (b) MMA, 2nd iteration
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ToY4

* Implement a roofing consfraint
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* Implement a roofing consfraint
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* Implement a roofing constraint ~ ~
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a’, voldcolumns = columnindex (sum(voidsMatrix)>1)
= - invertedarea = 1 - voids|[voidscolumns]
!
epgk = e * (10 * sumofcolumns(x ~ p))

gcolumns = np.log(sum(epgk)) /10

dcroof = epgk / gcolumns

decre|voidcolumns] = tile(dcroof, nely) * invertedarea
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* Implement a roofing consfraint
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* Implement a roofing consfraint
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* Implement a roofing consfraint
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* Add area loads dependent on roof shape
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* Add area loads dependent on roof shape
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* Add area loads dependent on roof shape o e
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ToY4

* Add area loads dependent on roof shape
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* Add area loads dependent on roof shape
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* Implement an indexing system
* Handle inputs, including voids
* Algorithm optimization




03

roys

* Implement an indexing system

Fig. 2 Global node IDs in a prismatic structure composed of 8
elements
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* Implement an indexing system
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g Result \
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* Handle inputs, including voids

voidList = [ ]
for each element in the designspace:
isPointInside = void.contains (element)
nodelID = yvalue* ((nelx)*(nely)) + xvalue* (nelz)
+ (-nelz + nely)-1
1f isPointInside == True:

volidList.addtoList (nodelID)

voids |[voidslist]=1
where voids = 1, x = 0.001
else: x = x
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7-0 Y5 Main loop
Other lines \ \

pyplot

* Algorithm optimization

Optimizer

spSolve

B optimizer M spSolve " pyplot [ Other lines B Main loop

meta-chart.com
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« Algorithm optimization

M= Ax = M~

M = diag(A)

spsolve(K,f)

9mreS(Krf)

cg(K.f,M=1/Jac)

c9(K.f,M=Jag)

Total(sec)

547.44

805.96

189.43

302.07
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* More complex geometry
* Implement density dependent forces
* Implement roof constraint
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translate this in the form of an algorithm.
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implement self-weight in the methodology and in the algorithm.
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