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CONTROL DE HURACANES SIMULADOS

Se recurre a modelos informaticos para simular dos
huracanes devastadores de 1992, Iniki y Andrew.
Los colores representan categorias de velocidad del
viento. Las lineas de nivel negras indican vientos de
90 km/h; este valor viene a coincidir con el umbral
de devastacion del meteoro.

En las simulaciones de Iniki (derecha), la trayec-
toria original del ojo (/inea negra de trazos) lleva los
vientos mas fuertes de la tempestad sobre la isla
hawaiana de Kauai. Pero cuando varias de las con-
diciones iniciales del modelo, entre ellas la tempera-
tura y humedad en diversos puntos, se alteraron li-
geramente, la trayectoria simulada de la tempestad
(linea roja de trazos) se desplazé hacia el oeste de
Kauai, pasando sobre un blanco elegido a 97 kil6-
metros de la isla. Después siguié hacia el norte;
llegé a un enclave de la isla mas a su oeste que
el huracén real.

Los mapas de los mares préximos a las Bahamas
y Florida (abajo) muestran simulaciones de Andrew
en su estado inalterado (izquierda) y en una forma
artificialmente perturbada (derecha). Aunque los
vientos catastréficos persisten en el caso controlado,
las velocidades maximas se han reducido bastante:
un huracan de categoria 3 se ha quedado en hu-
racan de categoria 1, mucho menos brutal.
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ACTUACIONES SOBRE LOS HURACANES

Las simulaciones informaticas de los huracanes indi-
can que ciertas variaciones en la precipitacion, evapo-
racion y temperatura del aire podrian alterar la trayec-
toria de la tempestad o debilitar sus vientos. La
actuacion podria tomar varias formas: una siembra
aérea de nubes, sobre objetivos meticulosamente se-
leccionados, con yoduro de plata u otros materiales
inductores de precipitacion podria servir para privar a
la violenta pared del ojo del huracan —la caracteris-
tica fundamental de una gran tempestad tropical— del
agua que necesita para crecer e intensi-
ficarse (izquierda). Se podria distri-

Avion que siembra nubes
Materiales
que inducen
precipitacion

Huracan

yectoria del huracan para reducir la evaporacion, que
es la fuente de la energia de una tempestad (cen-
tro). Futuras estaciones orbitales de produccion de
electricidad mediante energia solar, que quiza recu-
rran a grandes espejos para focalizar los rayos

del sol y a paneles de células fotovoltaicas para
cosechar esa energia y transferirla a la Tierra, :
emitirian microondas, sintonizadas de manera que &
las absorbiesen las moléculas de vapor de agua

de la tempestad o sus alrededores (derecha). Las Estacion
microondas harian vibrar las moléculas de.agua y orbital
calentarian asi el aire circundante. EI huracan se produc-

se moveria en la direccion .tora de

Vapor
de agua
sobrecalentado
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La “Trilogia Universal” de la
Matematica Aplicada

Sistema real
Prediccion 1' Gobierno o control

Modelos
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Teoria de Control / Teoria de
juegos

e Estructura general:
y=estado(s), u=control(es)
— Ley de estado: F(y,,Ay, Bu)=0 (A y B operadores)
— Funcional de observabilidad: J(u)=g(u,y(u))

— T2 Control: u escalar (un Unico control)

— T2 de Juegos: u con multiples componentes
iPosible conflicto de intereses!

20/08/2023 J.I. Diaz



Planeta Tierra: sistema complejo
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2. Materia: nuevos materiales.

Some motivations:

www.nature.com/nature Vol 437|Issue no. 7059|29 September 2005
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Progress in Nonlinear Differential Equations
and Their Applications

S.N. Antontsev
J. Lk Diaz
S. Shmarey

Energy Methods
for Free Boundary

Problems
Applications to Nonlinear PDEs
and Fluid Mechanics

Birkhauser
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Figure 4 | Anisotropic growth of nanocrystals by kinetic shape control and
selective adhesion. a, CdSe nanorods (scale bar, 50 nm). Reprinted with
permission from ref. 52. b, Cobalt nanodisks (scale bar, 100 nm). The
organic surfactant molecules selectively adhere to one facet of the
nanocrystal, allowing the crystal to grow anisotropically to form a rod or
disk.



Figure 5| Nanocrystals with complex shapes prepared by sequential
elimination of a high-energy facet. a, Two-dimensional representation and
a high-resolution TEM image of an arrow-shaped nanocrystal of CdSe.
High-resolution TEM characterization shows that each shape of
nanocrystal is predominantly wurtzite and that the angled facets of the
arrows are the (101) faces. Scale bar, 5 nm. Red and blue dots represent
selenium and cadmium atoms, respectively. Reprinted with permission
from ref. 22. b, Simulated three-dimensional shape and high-resolution
TEM analysis ofa TiO, rod. The long axes of the nanocrystals are parallel to
the c-axis of the anatase structure, while the nanocrystals are faceted with
(101) faces along the short axes. Hexagon shapes (the [010] projection of a
truncated octagonal bipyramid) truncated with two (001) and four (101)
faces are observed either at the one end or at the centre of the nanocrystals.
Scale bar, 3 nm. Reprinted with permission from ref. 35. Copyright (2003)
American Chemical Society.



Free boundaries at the micro scale: semiconductors.

Mock (1972), Markowitch (1986), Friedman (1988),
Markowich, Ringofer, Schmeiser (1990), Diaz, Galiano,
Jungel (1999), ...

In solid state physics, the drifi-diffusion equations are today the most widely used
model to describe semiconductor devices. The drift-diffusion models describe the flow
of electrons in the conduction band of the semiconductor material and of holes (or
defect electrons) in the valence band of the crystal, influenced by the electric field.
Mathematically, they form a system of parabelic equations for the electron density #
and the hole density p and the Poisson equation for the electric potential V-

.g_};. -V (V}‘(H) —nv I’r) - - R(R, p):
Op
— = V- (Vr(p)+ pVV)= — R(n. p),

AV=n—p—C@x) in Or=0 x(0,T), ™=


http://www.mf.mpg.de/en/abteilungen/ruehle/pages/MeCe_Re3_e_f.html
http://www.mf.mpg.de/en/abteilungen/ruehle/pages/MeCe_Re3_e_f.html

Different point of view:

Is it possible to show (rigourously) the existence of some free
boundary arising at the macroscopic scale but not arising at the
microscopic scale?

Some similar philosophy (but not exactly the same) in many
other contexts:

Approximate problem (without free boundary) / Limit problem
(with a free boundary)

*Obstacle problem (Approximate problem = penalisation)

«Cavitation in hidrodynamic lubrication (Approximate problem
= aproximation of the Heaviside function)

*Porous media equation and/or NonNewtonian flows
(Approximate problem = uniformly parabolic equations)

Question: the scale as an approximating argument ?



Plan:

2.2. A model problem arising in Chemical Engineering and a
mathematical tool: homogenization.

2.3. Model problem: effective chemical reactions.
Convergence.

2.4. Macroscopic “dead core” versus microscopic strictly
positive solutions.

2.5. An isoperimetric inequality for the (macroscopic) dead
core.

2.6. Effectiveness as cost fonctional in optimal and
controllability shape design problems.



2. 2. Amodel problem arising in Chemical Engineering and

a mathematical tool: homogenization.

Incompressible flow of a fluid reacting with the exterior of
many packed solid particles: Absorption and adsorption
phenomena in beds or towers. Of relevance in Chemical
Engineering (separation, chemical industry, etc).
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Homogenization: process related to the overall modelling in presence of a
double spatial scale
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Sanchez-Palencia, Bensoussan-Lions-Papanicolau,...

£—>0

Many availible convergence methods, variants, applications,



In general, if u 1s a "physical magnitud" defined on Q.

£
a8
*O
Efz y : "PS \
/ pd /
1 2 /
L\ £ i /z
"‘._ -..-_'/'
0 = g |
-—EY] -

If J_'EH._ Ps periodicall}-: ]1;}11’1010g01_1:; and not far in the x—scale then u(P;) =~
’L&(Pg)

If P; is periodically homologous to Py, P, but far in the x—scale then u(P; ) =~
u(P3) but u(Py) Z u(Ps).

If P, is far (in the y—scale) from P; (and P,) but near in the z—scale then

w(Pr) Z u(Ps) but u(Py) =~ u(Ps).



e Homogeneization: Question: u° —7, as ¢ — 0 (homogeneized region )

e=0.1

o Two different steps:

a. Formal Asymptotic Expansion. “Ansatz”

e—>0

uf () = uf(@,y) [y=2=uo(z,y) + cur (z,y) + e ua (2, y)+

with
&£
u; (x,y) Y-periodic with respect to the y = — variable.

=

L

Then u® — wug, as £ — 0.

b. Rigurous proof. There exists a ug such that v — wug. 1n some functional
space, as £ — 0.



2. 3. Model problem: effective chemical reactions.

Convergence.

C. Conca, J.l. Diaz, A. Linan and C. Timofte, Homogenization in
Chemical Reactive Flows through Porous Media, Electr. J. Diff. Eqns.

2004, 1-22.

The stationary reactive flow of a fluid confined 1n €27,
of concentration . reacting on the boundary of the

catalytic particles (obstacles)

( —D;Auf = f in Q°,

ou* ] ]
\ —D;— > = asg(u®) on S,

u® =0 on 0f).

\

g(v) = |vff v, 0<p<1 (Freundlich kinetics)
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T -translated image of =7" by the vector (kly, ..., kpl,)
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Theorem (CDL'T 2004).

Assume fe L2(Q). Then, we can construct an extension
P~u” of the solution u* such that

Pus — u we a..kl}-"' in H, é (Q)

and u is the unique solution of the problem

- O%u |C)T| o
”Zl q”dl O |Y"“| glu) = f in €2,

u=0 on 0L,

where Q = ((g;;)) is the “classical homogenized matrix™:

i —Df{éw |Y |/()U}Td?



with y , 2 =1, ..., n solution of the “cell problems”
A ) e

_AX@ =0 in Y7,

OX: + i) — 0 on 07
Ov |

i Y — pel‘iodi(ji..

The proof uses an energy method applied to weak solu-
tions (Tartar (1978)), a priori estimates and some prop-

erties of maximal monotone graphs (Brezis (1973)).



2. 4. Macroscopic “dead core” versus microscopic strictly

positive solutions.

In order to study the formation of the interface given by the boundary
of the support (the boundary of the “dead core) we assume

fe L>*(Q) and f(x) > 0 .ae x €

S(f) := support of f € Q



Theorem

i)V e>0 u(x)>0in Q°F and so S(u°) = Q°.

ii) For fired Q and Y = [0,11[x...[0,1,,[ (the representative cell in R™), there
exists a continuous function 6 = 0(||f| pw(q): |T|. [0T|. Ao). with Ao the larger
eigenvalue of the matriz Q, i.e. verifying that

— 112 i i —
Ao H § H > > i;&& for any € €R™,
i,j=1
such that if ¢ is small enough then S(w) ; () and so w gives rise to the free
boundary F = 05(u). Moreover, function o(||f||z=<q), |T|, [T, Ao) depends
increasingly of || f|| (g, and decreasingly of |T'|, |0T| and Ao.

S(f):= support of f




2. 5. An isoperimetric inequality for the (macroscopic) dead

core.

Besides the usual comparison (or maximum) principle we can use another
comparison principle of a different nature: the symmetrized mass comparison
principle.

The process of symmetrization applied to problem

—Lu+Ag(u)=f inQ
P(0) { u =20 on Jf)
now for g continuous nondecreasing, ¢g(0) = 0 (so that it can be applied to

problem Py(1)).
We start by the symmetrization of the domain €:

Given Q, an open bounded set of IRY, the symmetrized version of Q is the
ball centered at the origin having théfsame measure than (2. Let us call Q¥ to

this ball.




Once we know condition m () = m(Q*) we can use the isoperimetric in-

equality L
L>NuwYA ™

where L is the length of 9Q (or m(99Q)), A is the area of Q (or m(Q2)) and
wy is the area of the unit ball of RY (i.e. wy = m(SN 1))

the equality holds if and only if 2 1s a ball.

This was a first noted by Dido de Cartago (850 B.C.) (in IR? the circles are
the domains with fized area having smallest perimeter). Rigorous proofs of (1)
are due to Steiner (1882), Schwarz (1890) and Schmidt (1939).

The second step of the process of symmetrization consists in the symmetriza-

tton of data f and ug.

We shall use the notion of the decreasing symmetric rearrangement of a
function introduced by H.A. Schwarz in 1890:



Given a function h: Q — IR . h € L'(Q), we define the decreasing symmetric

h*, as the (unique) function h* : 2* — IR such that h* is

rearrangement of h,
|Z|), h* decreases if |x| decreases and

symmetric (l.e. h*(z) = h*(Z) if || =
the level sets of h and A" are equimeasurables (i.e. m({z € Q : h(z) > 0}) =

m({x € Q" : h*(z) > 6}),V0 € IR).
/\
h=6, é%

== L L

h= 92
[ 1

oap =
h=0, J




A more systematic definition of
distribution function of h by

o ——— e e e e

Lot}

h* can be introduced:

v

Then we define the scalar decreasing rearrangement of h by

o~

h:(0,m(Q)] — R, h
(notice that E,(S) ~

arrangement of h, by

h*: Q" — IR, h”

T e - -

(s)). Finally,

(s):=inf{f € R: u(6) < s}

h(wy|z|™)

(2) ==

|

P

we first define the
IR — IR, () :=m{z € Q: h(x) > 6}.

we define the symmetric decreasing re-



Notice that, since h* is symmetric, we can write A*(z) = H(|z|) with H : R —

IR. Nevertheless H # h since H(r) = h(w NT W“'T). Notice, also, that assumed

h > 0, by construction, we have that

h € L'(Q) implies that h* € L'(Q") and

/ h(x)dz :/ h*(x)dxz (the Cavalieri Principle)

and that

h € L™ (Q) implies that A" € L(Q") and
esssup h(x) = esssup h* (x).
xef) re(l*

The third step of the process is the symmetrization of the second order

operator.
We must replace the diffusion operator

Lu = EZ:axt(ﬁjng)

1,7=1



by another isotropic diffusion operator, i.e. with the same behavior in any
direction z;.

Once we know that Lu 1s an elliptic operator

N |
— 2 — -

Z qﬁgfg}' ~Q H 3 H for any & EIFQ‘N, for some a > 0.

f;rj:l

Then we define as symmetrized operator of Lu the one given by
L u = alAu

Summarizing, we say that the symmetrized problem of (P) is the following
one:

Problem P*(0): Find U : Q" — IR such that

. —aAU + N\g(U) = f*(x), r e QF,
P 5% - o

Here f*(-) is the decreasing symmetric rearrangement of f(-).



Some remarks on the statement of the symmetrized mass comparison prin-
ciple.

The first one 1s that some pioneer authors finding different relations between
u and U where Saint-Venant (1856), Poya and Szego (1951) and Weimberger
(1962). The inequality

u'(z) <U(z), e (2)

was first proved by G. Talenti, in 1976, for the case without absorption term

g=0.

Unfortunately, this (pointwise) comparison fails to be true in presence of
absorption terms (g # 0).
In those cases we only can compare the distribution of the mass of u and U

Theorem (Symmetrized Mass Comparison Principle (SMCP ))

/ glu(z)) de < f g(Ul(x))dz,vr € [0, R],
B(0,r)

B(0,r)

assumed that Q° = B(0, R).



Notice that this comparison (..., Vdzquez (1982),...) can be, equivalently,

expressed in terms of scalar decreasing rearrangement as
/ o(ii(o))do < / (T (0))de. Vs € [0.m(Q)].
0 0

The SMCP has many applications (as we shall see). The main philosophy of the
applications i1s that function U can be easily estimated in many cases and thus,
thanks to the SMCP, properties for U can be extended in similar properties for
u. Some books dealing with the symmetrization process are the ones by Bandle

(1980), Mossino (1984), Kawohl (1985) and Diaz (1985).

Corollary Among all the domains of given volume the volume of the dead

core (for problem P(1)) is biggest for the sphere

Several proofs in the literature: Bandle-Sperb-Stakgold (1984) for u analytic.
.... Diaz (1985) by using a very old result by Hardy, Littlewood and Polya (1929).

| The sphere 1s the worst of the cases.




In fact, in Chemical Engineering the "effectiveness" of the reaction is repre-
sented by the positive number

l .
m(Q) /Qg(“(x))d:x

% #

n =

u solution of P(1).
As consequence of the Symmetrized Mass Comparison Principle (SMCP )
we get

Theorem [Let n* be the effectiveness corresponding to problem P*(1). Then

Remark. Symmetrization in a partial set of spatial variables (of relevance
for transport terms): A. Alvino, G. Trombetti, J. I. Diaz, P. L. Lions. Steiner
Symmetrization and Elliptic Equations. Communications on Pure and Applied
Mathematics, Vol. XLIX, 217-236, 1996.



2. 6. Effectiveness as cost fonctional in optimal and

controllability shape design problems.

Given an open set D, with m(D) > V, the optimal control problem (with
the constraint m(Q2) = V') associated to the cost functional

o :f g(uﬂi'(x))dx.
D

m(€2)

Notice that we extended un(z) to D by making uq(x) =0 on D — Q. Once we
prescribe V= m(Q) its is possible to find optimal shapes for the

Theorem Given an open set D, with m(D) > V, there exists a domain €2

(the optimal shape) solution of the optimal control problem

Max qcp 79-
m(Q)=V



The proof uses that —1qn 1s monotone decreasing with respect to inclusions
(use the comparison principle) and y—lower semicontinuous (Bucur and But-
tazzo: Variational Methods in Some Shape Optimization Problems, SNS Pisa,
2002, Chapter 5).

Remark [f for instance D is a ball of R?. the optimal shape (biggest effec-
tiveness) is of the following type:

Let us prove now that, for any fixed A > 0, there is always a domain () of
eiven volume V' such that the dead core N(u) is empty. Moreover, there exists
a sequence of domains €2;, such that

m(Q) =V and klfic.ﬂ”k =1

(approximate controllability in the J.-L. Lions sense).



We start by an auxiliary result
Lemma Let w be the solution of Py(1). Then, if ¢(x) is the (unique) solution
of the problem
=1 inQ
v =20 on 0N

we have that w(x) < ¥(x) a.e. x € Q.

Remark [fN =2 and L = A, function v coincides (up to a constant factor)
with the warping function in the torsion of a cylindrical beam.

= A = @ = A= " A

e T i S e

By using rearrangement techniques (C. Bandle, 1985) it was proved
that. if L is a-elliptic, then||v |Jl;ﬂ}n§ < 22::: (2N)~N/2 ||l 11(q) and that if s

s the first eigenvalue

— A=\ in
w1 =20 on 0f)



we get |[¥]z1q) < ;—M and thus

1+N/2 2+ N =NV
k% |Lcc(["z} m@f\) 3’\_1

Notice that the well-known Rayleigh-Faber-Krahn inequality
u..]\."' 2

A1 () = ( o )N iin_oy

(71 the first zero of the Bessel function Jy. ) is not of great use for our purpose.

We must restrict ourselves to "thin" domains and made explicit some lower

bounds for A;.

We introduce some classes of domains

P={QC RY lying between two parallel (N — 1)- dimensional hyperplane
at distance 2p, that is all domains of breadth < 2p},

Cy = {Q c R" convex of inradius p}



Then, we have (Courant-Hilbert, 1924)

T

AM(Q) > (—)2 for Qe P,

L]

2p
and (Osserman, 1979)

: |
AM(Q) > (=) for Q € Cy.
/ -.Qp

By applying the auxiliary lemma and the above inequalities we arrive to

Theorem Let Q) belong to either P or Cn . Then there exists pg = po(a, A\, N, V)
such that meas N(u) = 0.

Moreover, given = > 0 there exists an open set ) belonging to either PP or Cy.,
with m(Q) =V and such that

No = 1 —=.
A different study can be made by using the microscale data.
*separation among the holes

*size and shape of the obstacles



Many variants are possible:

Microscopic Signorini boundary conditions, Reactions at the
Interior of the cell, quasilinear equations, ..., systems (fluid
transport terms), ...

Evolution problem (coupled with an ODE)

Controlling the macroscopic behavior by acting at the microscopic

scale

Think globally and act locally




Plan of Section 3:

3.1. The role of a small curvature in the transversal direction
a slender or shell.

3.2. Tensegrity structures.



3.1. The role of a small curvature in the transversal
direction a slender or shell.

3.1.1. Introduction.

Researches made in a joint paper (Asymptotic Analysis, 2007) with E.
Sanchez-Palencia.

The experience shows that when considering a slender or shell a small
curvature in the transversal direction to the main length supply an extra
rigidification with respect to the planar case:

* flexible steel retractable meter tape measure, ...,
We shall carry out the study of the asymptotic modelling of such kind of shell

structures
b / -

(Z..0) X



We also will consider more sophisticated structures formed by coupling
two of such basic shells by means of an edge with slight folding

as well as the case of an infinity set of shells obtained by the
periodic repetition of the basic structure




3.2. 2. The basic problem.

We consider a slender cylindrical shell

Xz

According to standard notations in cylindrical shell theory  the “plane of

parameters ry,rs” 12 merely the middle surface (cylinder) of the shell developed into a plane. We chose
1 in the direction of the generators and xs normal to them, so that the principal curvatures are zero in

the direction 1 and b = 1/R In the direction x3, where R denotes the radius of the cross section



“ rU] X,

Accordingly, the second fundamental form of the surface has components b1; = b1 = 0 and bgs = b,
Moreover, the Christoffel symbols of the surface vanish identically, so that covariant and classical
differentiation coincide. Since b4, — by1bgs = 0 the surface is parabolic, i.e. the

directions of the principal curvatures coincide



Let = be a small parameter, the relative thickness of the plate. Let 1 = n(=) be a new small parameter
satistying
3,

the typical example will be n = =%, Tt us denote the shell domain by Q. = (0,4) % (0,nl),

: /"“ with 5l < 2R.

R (T

(0.0) X,
The corresponding tangential displacements are 4, @o, whereas ug is the displacement
normal to the shell. Some times we shall use the notation 1 = 0* to indicate explicitly the s-dependence.
We shall admit, in this section, that the shell is clamped by the “small curved boundary™ ({0} x [0, nls]
and free by the rest This implies the kinematic boundary conditions:
0=y = iipg = s = Shitg on {0} x [0,nk)],

where

= d
O = o

The space of configuration will be denoted by V.. It is the subspace of H1((Q.) Hl(__E) % HQ(QE)

tormed by the functions satistying the kinematic boundary conditions



Although it i1s possible to write the complete system of equations modeling the above elastic problem

(the “strong formulation™: see. e.g.

F. Niordson, Shell theory, North Holland, Amsterdam, 1985

here we shall follow a “variational or weak formulation”

ca(u®,v) + *b(u®,v) = (f,v)

where the coefficients ¢ and % account for the fact that the membrane and flection rigidities are pro-
portional to the thickness of the plate and to its cube, respectively. Moreover, the two bilinear forms
a(n®, v) and b(n®, v) on the space V are defined thought the previous expressions (membrane strains in

shell theory):

and

for the triplets v = (01, U2, v3).

T“-"j(ﬁ] = T-ﬁa(ﬁ) = Aﬂ;ﬂ#;}h#(ﬁj
T1(V) = i‘j»flf-‘l
Vo2(V) = 0oV + bavg )
T12(V) = J (V) = %(3251 + O 19)

curvature variation tensor



Uncoupling phenomenon (due to the symmetry with respect to x3 = 0):

the total energy 1z the addition of membrain enery and flection energy

Y1

The two bilinear forms on V are then defined by:

o — !:'-l'f . — - ;= ~
a(u,v) = / A )‘“fr-n._g[u]’jr AV Jdx

b(ﬁ1 {:_::' = [ Bﬁﬁ)ﬂul'aa-ﬂ(ﬁ::'lbn-:'_:l’I:i}]dxu
Qe

where the coefficients A“%M and B*PM satisfy the symmetry and positivity conditions

4(1'_-3}.# _ 4:3;1%,1# _ 4,3'\,1“1-.-'_1’

3 : - , .
AP 505, > Bapbap  for Bas =0z,  Withsomec>0.



As applied forces, we shall give a normal loading depending on & by the factor =*

f,v) = :-:3/ Fy(xy, 29 /n)03(2q, 22)dx,

We note that the shape of the profile of the applied loading in o 15 independent of £

but applied to the points z5/1

We shall admit in the sequel that

F3 € L*(Q)

where

Q= {[]1 El) X {{]1 32)



Problem F.. Find u* £V . satisfying

ca(u,v) +*b(u’, v) = (f,v) Vv

oy
T
-~
m

Remark

Since the bilinear forms a(u,v) and b(w,v) are symmetric, from well known results we
deduce that, in fact, 0° is the unique solution of the minimization problem
Miny J=(v)

where ]
7. -a(v,v) + %b(v,vj — (f,v).

rET"'"
—
-
e ——
|
b2 |

The objective of the rest of the section is to study its asymptotic behavior as = | 0.



3.1.3. Scaling and a priori estimates in the basic
problem.

Let us perform the change of variables :

Yy = Ty, Y2 = T}'_lﬂfz

80, the domain (). is transformed into €} and

{ X = (r1,22) =¥V = (y1,¥2),

: ~ : ~ : 7]
o =0 o = nda;  Op = —.
1 =01, Oy =nda; B
Moreover, we shall perform the change of unknowns
i:"l' (X) = ﬂgul(}’}u
iy (x) = 7" uag(y)
ig(x) =720~ us(y)

As # i1s not déﬁned, the total level of the écaling is not specified, only the mutual ratios

of dilatation of the three components are fixed. They are chosen in analogy with layers in parabolic
shells. Specifically, the ratio between the components 1 and 2 is fixed in order that the new form of the
shear membrane strain €;5 be formed by two terms of the same order (which, on the other hand, are
asymptotically large, forming a constraint for the limit problem). The ratio between the components 2
and 3 is also fixed in such a way that the new form of the membrane strain €59 be formed by two terms
of the same order.



We then perform the previous change for u® as well as for v in FP- and we have
= ~y B
T11(V) =1 011y

1 .
) = '?38_15[‘3}2“1 + ),

-y

Y12(V) = Yo1(
Y99 (V) = 0 72(av2 + v3),
P11 (V) = 1" 9 v,
P12(¥) = poy (V) = P 2672010003, oy (%) = b 020
It will prove useful to define

711(v) = di

i - 11, _
Yi2(V) =751 (v) =17 ' 5(Davy + Fyua),

V32 (v) = 172 (Dova + va);
p71(V) = 07 va,
Pia(V) = po1 (V) = nddaua,
P (V) = D3us.

so that:



We recall that the spatial domain is now € = (0,11) x (0,l3). The space of configuration, after scaling
will be denoted by V. It ig the subspace of

HY Q) < HYQ) x H*(Q)

formed by the functions satistying the kinematic boundary conditions
0=uy =us =wugon {0} x [0, k]

The expression ca(u®,v) + E:E'E:-(ut_?v] = (f,v) then becomes:

Pf A“-’”‘F‘ﬁfiﬁ[m]ﬂ#(v]d}r+Qf B o7 o (uf) s, (v)dy = R/FS(ylnyﬂj'UE[yl?yﬂ]d}’_a
Q 0 Q

with
P E??2H+1

Q _ 53_},329—?&—2
we shall determine the #(z) and @ as functions of £ and the function 1(s) using the two equations
P=0=R.

This gives 6-2 _ .

b=ce/n and 7 " =¢

!, and equal to 1 (or rather 0(1)) in the "typical example” 5 = £!/4

b is always small with respect to 1~

we have 8 = 6.



Once # is determined, the scaling is perfectly defined. We then observe that the factor n® =251
| ua(x) = 772~ tualy),
takes the form: n* which is always small. It means that the scaling of the component u§ is such that,
after scaling, it is asymptotically large with respect to the case before scaling. As we shall prove in the
sequel, the scaled unknown w5 has a non zero limit; it follows that the initial unknown u5 tends to 0 at

the ratio n*. We shall come again on this property, which amounts to the rigidification of the plate with
respect to the plane case.

-Summing u—p, the problem P- becomes atter scaling:
Problem IlI.. Find u® =V satisfying

a®(u®,v) = [, Fa(y1,y2)va(y1, y2)dy.

Yv = V., where

= = de f e LTI £ £ o F A = £y & -
a*(u®,v) = /‘4 M s(a J’n;,,lidewr/ B g7 5(0%) 3, (v)dy.
J 0

LY
It should be emphasized that, by virtue of the definitions the coefficients

involve various powers of 7, running from —4 to +4. The terms in n~* to n~!

whereas those in n! to n* are “singular perturbation terms”.
the limit expression.

are “penalty terms”,
Only the terms of order 1 will remain in

Remark u® is the unique solution of the minimization problem

Miny J-(v)

where



Let us proceed to the a priori estimates. From the expression of a®(v,v) with u* = v,

Lemma The estimates:

|01y

E”Iﬁﬂ} < ca” (v, V)

1
I~ 12 (Fory + Dqva) ||chﬂJ < ca(v,v)

||?I" (Ohva + v3 ||L9:ﬂ: < ca”(v,v)
|93va|72 (e < ca®(v, V)
||?]L}1d213||L2,:ﬂ] ca®(v.v)

0t vs|Z2q) < ca*(v,v)

hold true for a certain ¢ > 0 independent of = and v € 'V,

Now, in order to prove that the functional in the right hand side is bounded independently of =, we
need an estimate on ug itself.

Lemma The estimate:
5 2 » £ T T
||'i-3||L2cjcju.11 1 H2(0,15)) = ©a (v, V)
holds true for a certain ¢ > 0 independent of = and v £ V.

PrOOF. Discarding the factors in 13 and differentiating we have:

i [ i 2 - e~
||U}§'U1 + dz"}l'u?)||L2{{D.11]|;H—1[0~Eg}] = ca” (v‘ V)

1918202 + 31'“3)||?J—1|::ZD.:1J;Lﬂm.sgj:j: < ca®(v,v).



using the fact that vy vanishes on {0} x [0, ], by using the Poincaré’s  inequality we obtain:

3 2 £ r r
vz ((0,1):02(0,1)) = €07 (V, V)

and differentiating,
02 2 - S v v
10201171 (0,01 -2(0,0))) = €a” (v, V).
taking the weaker norm, it follows that
A= . ] - S ..
||‘5}2J1LE‘HLE((:::.zij:;H—E:jD“:gjj < ca (v,v)
‘ 2 £
||‘5}1U3||H—1(mm;H—zqu.zzj} < ca (v,Vv)
or even (integrating with respect to y; on account of the vanishing of the trace on {0} x [0, k]):
o || 2 - A (v v
1031122 (0,0, )1 -2(0,)) < €a°(V, V).

The coneclusion follows.

Lemma The estimate
|f Frvady| < ca® (v, v)1/2
Q

holds true for a certain ¢ > 0 independent of = and v € V.

Now, taking v =u® we get the energy estimate:
Lemma Let u® be the solution of .. The estimates

£

|ves(u®)

| <C a,F=172 ||31”c1||%2{m = C

bl oo e -y —2/0 & 1 -
|7 15(‘52“1 + 01u5)||72() < C In~2(8au5 + u3) 720y < C




c_-._. ! oo Bl . 9 s
= C ||7?dld21,t3||i2(ﬂj < C ”T]‘ dlu?r”.ﬂﬂl:ﬂ] < 8
hold true for a certain C' > 0 independent of =.

We shall need an estimate on w5 itself. We shall obtain it by differentiating

with respect to yo and integrating in ;.

Lemma  7.; ¢ pe the solution of I.. The estimates

£ . . ! = | - : ;
il o2y = € 3]l 72 0,001 (012)) = € luslZ 20,11 s mr2(0.12)) < €

holds true for a certain C' > 0 independent of =, where

HY((0,11); H1(0,13)) = {w € HY((0,1;); H(0,15)) such that w(0,-) = 0.
A first result of convergence is

Lemma [Let u® be the solution of Il.. The following convergences (as € — 0) hold true (in the sense
of subsequences, the limits being not necessarily unique):

uj — uj weakly in ﬁé[[[}?ll]; L%(0.15)) uj — us weakly in ﬁf&{{ﬂ,llj;H_l{D, l2))
ug — Uy weakly in L%((0,11); H*(0,13))
where u* = (u,ud,usy) are distributions on (1, belonging to the spaces specified
oul + dqus =0
oty + ug = 0.



Finally,
2 a(ut) — 7l weakly in L?(Q), a,f=1,2,

for some 77 5 € L3(Q).

4. Limit problem and convergence in the basic problem.

Let us define the space G for the definition of the limit problem:
G = {v = (v1.v2,v3) € Hy((0,4): L*(0, 1)) x Hy((0.4): H'(0, 1)) x L*((0,1): H*(0, b)),
621-*1 T 611-*2 = U: ag’b‘g an E?’L‘g = D}ﬂ
where we observe that vy defines completely vy and then vg.

Clearly, G 1z a Hilbert space with the norm

{ O - e

=~ ||Gyv1 | i?{n} + [|05va| %9{9}

Remark A straightforward comparison with the space V' shows that the space G for the limit problem

incorporates the two constraints corresponding to the "penalty terms™ in Il  whereas the boundary
conditions for ua, which are concerned with the "singular perturbation terms™ in Il.  are lost.

It is worthwhile to state an equivalent definition of the space G where the functions are defined in
terms of a scalar "potential 0" :



Lemma The space G may equivalently be defined as the space of the triplets v = (vy,v9,v3) such
that:

vi =01y, va=-0yb, vy= -3
where 1 is an element of

G = H2((0,13); L*(0,12)) N L2((0,11); H*(0,13))

where .
Hg((0.11); L*(0,12)) = {¢» € H*((0,11); L*(0,13)):¢(0, y2) = H14(0,y2) = 0}.

Remark Ty iptroduction of the scalar potential ¢  seems to be new in the shell literature,

D. Caillerie, A. Raoult and E. Sanchez Palencia, On internal and boundary layers with unbounded
energy in thin shell theory. Parabolic characteristic and non-characteristic cases, Asymptotic Analysis

16 (2006), 221-249.

Some closed, but different, ideas can be associated with the stress function introduced

by G.B. Airy (1801-1892)

It should prove useful to prove a lemma on density in G.

Lemma 7y, subspace of G formed by the elements v = (v1,v9,vy) which are smooth, vanish in a

neighborhood of {0} x [0,13] and derive from a “potential™ v is dense in G.
We are now defining the limit problem. It involves the numerical coefficient 1/Cq111, and B?222 where
C'apae 1s the matrix inverse of A2BMe i e, the matrix of membrane compliances, and B is the matrix of

flection rigidities. They are both strictly positive. -
3y () = CrpasT? (1)
f A Apren 3



312 METHODES DE REGULARISATION ET DE PENALISATION  [CHAP. 3]

L’idée générale de la régularisation elliptique est la suivante : soit 4 résoudre
la classique équation de la chaleur :

(1.1) %—Au=fdans 0,

avec u(x,0) = 0, u = O sur X,
On « approche » I'équation (1. 1) par I'équation elliptique
o*u,  ou
1.2 —&—"4+——Au, =f dans Q,eg > 0,
otr ot / Q.2

les conditions aux limites existantes étant maintenues et en ajoutant une condi-
tion aux limites pour t = T.

On résout (1.2) (par des « méthodes elliptiques ») puis I'on passe & la limite
(e — 0).

J.-L. Lions (CIME 1963),.., O. A. Oleinik (1966), C. Bardos- H. Brezis (1968),...



Problem Ily. Find u € G such that

1 _ o _
/C 31'{1-1311;1{3}?4—/ Bﬂﬂﬁgugﬁ,}%uad}'zng-t.igdy.
o Chii Q O

L)

vv € G, or equivalently, in terms of the potential, find @ €G such that
f S 0lpdivdy + f B¥20ypdydy = — f F3dybdy.,
a Ciin " Q

L II ' 1
V! ':G.

| Obviougly, this problem is in the Lax - Milgram framework, as the right hand side 1is a

continuous functional on G. We then have

Theorem [pder the assumption Fy Lg[ﬂ], Problem 11y has a unique solution.

Our main convergence result is:

Theorem Let u: and u be the solutions of 11, and Ily respectively. Then, for = | 0, we have:

mn —u

In other words, the limit u* is the solution of the limit problem



The corresponding higher order partial differential equation for ¢ is obviously

(104 4 B2298), _ _a82F,.

C1111

parabolic according the theory of linear partial differential equations

Remark if we define the bilinear form

a’(u,v) =f = Ul'ulal't-’lff}"#—/Bmﬂﬁﬁugﬁﬁ-uad}r,
a C1111 Q

then the symmetry of a®(w,v) shows that the (unique) solution w of problem Tly can be characterized as
the unique element of G solving the minimization problem

ﬂ-ffﬂg JD [‘bjl

where |
Jo(v) = =a"(v,v) — / Fiyvady.
2 0
We can formulate, equivalently, this property in terms of the potential

Seo, the (unique) solution ¢ G of problem Ily can be characterized as the unique element of G solving
the minimization problem

MingJo(i))

B 1 B2222

Tow) = 5o [ 100l ay +

1) zﬂf‘y'—l—f F3021)dy
2C1111 L|2| ' Q MR



3.1.5. The shell has an edge with slight folding ...

In this section we consider a case slightly more complicated than the basic problem, when the section by
y1 = const. 1s as sketched in Fig 2.

.

or reasons concerned with applications to homogenization problems

tangent plane on Yy, = —b /2 and y» = /2 13 horizontal. This amounts to éaying that the ané‘le_ﬁf the
folding 1s 2w, with w = bnl/2 (see Fig 2) where b always denote the (constant) curvature. Denoting
by u; and fL:_ the traces on x5 = 0, the continuity of the displacement 01 at the folding gives in the
projections along 1, 1ts normal in the "base plane" and the axis Z (see Fig. 2) respectively:

In order to avoid irrelevant and cumbersome expressions, as w is small, we shall take cosw = 1,
sinw = w. Moreover, we shall see in the sequel that the components ug are asymptotically larger than
ug, and we shall neglect w?uy with respect to us. Then we shall consider

=

uy
_|_ .1.'+ _II'-u.-_ ~—
q t iy = Wiy + Uy
H'S

E-!

=

+
1
— Lt
+
3



We consider now the case in which the shell is 2nls —periodic with respect the section by 1 = const.projected
on the band (0,1;) x (—oc,4+oc) and having a slight folding at any section of the form (0, l) x {knk}
with & € Z, as sketched in Fig 3.

We can consider as "unit shell” the shell defied trough the rectangle (0, [1) % (—nl, +nl), clamped
along the "small sides” at {0} x [-nk,nk], which implies again kinematic boundary conditions similar to

those indicated

We then consider periodic loadings and search for periodic solutions.

The convergence arguments follows as in previous Subsections with easy modifications.

Remark. Many other results (global properties, the obstacle problem, ...}, work in progress (homo-
genelzation, hyperbolic surfaces, ...). Many open problems.



Plan de la Subseccion 3.2. Estructuras de tensegridad

3.2.2. Esculturas de Calder como punto de partida

3.2.3. Evolucion por medio de otros artistas y arquitectos
3.2.4. El tema llega a las matematicas

3.2.5. Incursion en la biologia

3.2.6. Para saber mas sobre tensegridades



1. Introduccion.

Si esta conferencia tratase sobre Ciencia en el Arte,...  recursos casi Infinitos

ii Seria otra conferencia distinta a esta !!

Mensaje (atipico) de esta conferencia:

Un cierto arte como origen de cienciay tecnologia

Dos mundos: ¢, dos culturas ?

Charles Percy Snow (1905 —-1980)

The Two Cultures and A second Look, Cambridge University Press. 1962,

(Las dos culturas y un segundo enfoque, Alianza, Madrid, 1977).



Alexander Calder

(1898 -1976)
http://calder.org

Wire sculpture, 1928.

Ligereza

Inestabilidad
Movimiento (Arte cinético)

Gravedad y viento (“formas que
gravitan”)

Varillas y cuerpos solidos

W - o
% Influencia de Miré, lenguaje abstracto,..

s

e




3. Evolucion de una nueva concepcidon por otros artistas y arquitectos

Primeras “esculturas” en 1949

(1999) Lifetime Achievement in
Contemporary Sculpture Award,
International Sculpture Center.

http://en.wikipedia.org/wiki/Kenneth _Snelson

Ligereza
Varillas y cuerpos solidos

Estabilidad:


http://en.wikipedia.org/wiki/File:Kenneth_Snelson_Needle_Tower.JPG
http://en.wikipedia.org/wiki/File:Kenneth_Snelson_Needle_Tower.JPG

Lenguaje nuevo, muy estricto, creado por el propio
artista: aparentemente inexistente en la naturaleza,...

Los unicos elementos son cables y barras flotantes,
no conectadas entre si,

en compresion,

frente a unos cables tensados que solo entran en
contacto con los extremos de las barras en puntos
diferentes.

Compresion: fuerza contra una parte
de una estructura.

Seccion limitada con respecto a la
longitud (L. Euler 1744)

Tension: “tirar de los extremos” de una parte de una estructura.

Seccion ilimitadamente pequeia con
respecto a la longitud



http://en.wikipedia.org/wiki/File:Kenneth_Snelson_Needle_Tower.JPG
http://en.wikipedia.org/wiki/File:Kenneth_Snelson_Needle_Tower.JPG

Easy Landing (K. Snelson, 1977), Baltimore (Maryland, USA)
Todo comenzo en un curso de verano:
http://www.bmcproject.org/Biographies/SNELSON

1948 Summer Session in the Arts (University of Oregon, Campus de Eugene)

Aguel Summer Course de 1948 fue un punto de encuentro de gran trascendencia

Two weeks into the session “this strange man Buckminster Fuller arrived.”



Richard Buckminster Fuller
“Bucky” (1895-1983)

Recuerdense las fechas:
Calder (1898 —1976)

Ingeniero polifacético (arquitecto, ecologista, inventor-constructor, matematico, ...)

\.\\

Excentrico, mesianico, provocador,...
Objeto de numerosos libros, articulos, exposiciones, distinciones, ...

ii Otra (densa) conferencia distinta a esta !!


http://www.bfi.org/about-bucky
http://www.bfi.org/about-bucky

Abundante informacion en

BUCKMINSTER FULLER INSTITUTE
http://www.bfi.org/

Ley de invarianza de angulos
de Fuller:

si restamos a la suma de los angulos

convergentes en torno a todos los vértices de £ SN — e
cualquier sistema, el nimero de vértices FULLER'S LAW OF ANGULAR CONSTANCY OF SYSTEMS

multiplicado por 360 grados, la diferencia iﬁ’ﬂmm R S e e m“fhﬂrmﬁﬁpﬂﬁ LT
siempre es 720 grados oS o e i mm*:;?ﬁ:‘f';_'m{ 8 |}

W i

o




Geodesic Domes

R.Buckminster Fuller spent much of the early 20th Century looking for wa
improve human shelter by applying modern technological know-how to shelter
caonstruction, making shelter mare comfortable and efficient, and making
shelter available to a greater number of people. Read more

Dymaxion World

At the heart of Buckminster Fuller's Dymaxion concept is the idea that rational
action in a rational warld demands the most efficient overall performance per
unitof input. Hi 1 5, then are those that vield the greatest
possible efficiency able technology. Read more

World Game

In the 1960'% Buckminster Fuller propo 3 s game” and %

(RERORT _ _ ;
| peace game” (later shortened to sim ply, the rld Game~) that was intended
1o be a ool that would facilitate a compreher ,anticipatory, design science
approach o the problems of the world. Read mone

Synergetics http://synergeticists.org/

Synerget he system of holistic thinking which B. Buckminster Fuller

introduce d began to farmulate. Syner multi-faceted: it invalves
geometric modeling, exploring inter-relationships in the facts of exXperience
and the proce fthinking. Read mare




Creador de nuevos términos: Sinergia (del griego ouvepyia, «cooperacion»):
resultado de la accion conjunta de dos o0 mas

causas.

“synergetics”: sistema de pensamiento holistico que R. Buckminster Fuller
presento y comenzo a formular. Tiene multiples facetas: se trata de
modelizacion geometrica, exploracion de las interrelaciones en los hechos de la
experiencia y el proceso de pensar. Esfuerzos para identificar y comprender los
meétodos que la naturaleza utiliza en la coordinacion de Universo (tanto fisica
como metafisica). Proporciona un método y una filosofia para la solucion de
problemas y el disefo, por lo que tiene aplicaciones en todas las areas del

guehacer humano.
Synergetics. Exhibition Catalog, Cooper Hewitt Museum of Design. 1976.

Tensegrity = Tension + Integrity (Portfolio and Art News Annual, No.4, 1961).

tension de los cables + integridad de la estructura (o armazon resultante, en
equilibrio estable).

Tensegridad: estructura que obedece al “lenguaje de Snelson”.

El término ha alcanzado ya un cierto renombre (especialmente a la sombra de
Buckminster Fuller) pero, a mi juicio, es muy restrictivo:



La definicidon (rigurosa) es muy restrictiva.

Esta escultura de Fuller NO es
una tensegridad.

X-piece, 1948-49.

Esta escultura de Snelson NO
es una tensegridad.

Patente de Fuller en EE.UU. 1973; Non-
symmetrical tension-integrity structure Patent.

Varillas aisladas

Compresion discontinua, tension-continua (islas
de compresion en lagos de tension: K. Snelson).



Controversia con K. Snelson ¢Influencia de Calder?

Mastil de la 4D/ Dymaxion House Patent 1927 ¢ Influencia de Fuller sobre Calder?

Fuller llevé sus ideas a la arquitectura
originando bellas estructuras inspiradas
en las tensegridades tales como, por
ejemplo, su famosa Biosphere instalada
en la Expo de Montreal de 1976.




Fuller tuvo una notable Influencia sobre Norman Foster (1935 -)

How Much Does Your Building Weigh, Mr Foster?

%»-..J- Documental, 78 minutos

L
71 A\ A

Directores: Norberto L6pez Amado y Carlos Carcas,
Estrenado el 8 de Octubre de 2010
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Hacer mas con
menos (Fuller)
Menos es mas,

Ludwig Mies van der
Rohe (1886-1969),

L L T ey

B T T

4
2
-
iz
0

-
F
"

=
o
H
(-
ol
o -
&=
o -
u -
L
-
]
B
-
L

Sainsbury Centre for Visual Arts,

University of East Anglia in Norwich,

Norfolk, UK. 1974-1978 Hearst Tower,
NEAT ] ¢

2007.

5.328 Toneladas


http://0.tqn.com/d/architecture/1/0/x/k/sainsbury.jpg
http://0.tqn.com/d/architecture/1/0/x/k/sainsbury.jpg

El impacto de Fuller (en particular de su clUpula geodésica) alcanzo incluso
a un ambito tan aparentemente lejano como el de la Quimica.

Los fulerenos (fullerenes) son la tercera forma mas estable

‘ del carbono, tras el diamante y el grafito.

El primer fulereno se descubrié en 1985 y se han vuelto
~ populares entre los quimicos, tanto por su belleza
aUCRIHIGENBLENERE  estructural como por su versatilidad para la sintesis de

nuevos compuestos, ya que se presentan en forma de
esferas, elipsoides o cilindros.

QUIMICA

Los fulerenos esféricos reciben a menudo el nombre de
buckyesferas y los cilindricos el de buckytubos.

_—%
f\.‘-—é % El méas conocido es el buckminsterfulereno:

c 5
\ formado por 60 atomos de carbono (C60), en el que
N ninguno de los pentagonos que lo componen
‘
>

cﬁ.\ .

*ﬁ}.\. g comparten un borde; se asemeja a un balén de futbol
é\ﬁ \.ﬁ pentagonos, con un atomo de carbono en cada una
\$ / de las esquinas de los hexagonos y un enlace a lo

‘g‘!ﬁ‘ largo de cada arista.

(domo geodésico), constituido por 20 hexagonos y 12



http://upload.wikimedia.org/wikipedia/commons/8/82/Fullerene-C60.png
http://upload.wikimedia.org/wikipedia/commons/8/82/Fullerene-C60.png

4. El tema llega a las matematicas

El lenguaje de lo “casi intangible”
Crab Canon on a Mobius Strip.

http://www.youtube.com/watch?v=xUH
Q2ybTejU

Canon Cangrejo [Quaerendo

5
BACH invenietis], de Ofrenda Musical,

J. S. Bach (1747).

Musikalisches Opfer D. Hofstadter: Godel, Escher, Bach
Musical Offering - Uffrando Musicala (1979)

D[ALO(}(}

El libro de la naturaleza esta escrito en lenguaje matematico

Galileo Galilei (1564-1642)




Man Ray (1890 - 1976) (e.d. Emmanuel Rudzitsky)

Quedod impresionado por la materializacion de las
ecuaciones matematicas tras una visita al Institut
Henri Poincaré de Paris, en 1935.

st S &

Shakespearian Equation: objets mathématiques (1935-1948): col'c'ci(')n de fotos y
pinturas

X

_/' Mathematical Object: Ruled Surface, 1936

-
: Shakespearean Equation: Twelfth Night, 1948

Imaginary 2011

Real Academia de Ciencias:

19 de octubre a 15 de noviembre 2011



La posibilidad de experimentar facilmente con esas estructuras, atrajo
tempranamente a numerosos matematicos (Robert Connelly (1947-), ...).

http://www.math.cornell.edu/~connelly/

Tenia muy avanzado un proyecto de libro sobre Tensegridades, habiendo
construido una cantidad importante de esas estructuras con las que experimentaba,
disfrutaba y hacia disfrutar a numerosas personas.



Miguel de Guzman introdujo su propia definicion de tensegridad
(un poco mas general que la de Sneldon y Fuller):

“Consideremos una configuracion geometrica constituida por un numero
finito de puntos y por unos cuantos segmentos gue unen esos puntos.

Una estructura de tensegridad consiste en asignar vectores a los
puntos, en las direcciones de los segmentos que concurren en ellos de forma
que:

(a) la resultante en cada punto es nula,
(b) para cada segmento, la suma de los vectores asignados a sus extremos es cero”

El opuesto de una tensegridad es
también una tensegridad.
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Base

Fig. 1. Three stage tensegrity tower.







Desde el punto de vista matematico son numerosas las cuestiones
relacionadas con las tensegridades

razones de la rigidez de esas livianas estructuras

propiedades de optimizacion en la conexion de sus aristas

problema inverso: dados unos puntos del plano, o del espacio,
hallar las condiciones que aseguran que esos puntos puedan
ser las aristas de una cierta tensegridad.

Ademas del propio interés geomeétrico, las respuestas a tales cuestiones
tienen relevantes consecuencias en muchos otros dominios, entre ellos el
arquitectonico.



Una de las tensegridades inicialmente consideradas
por K. Snelson: el prisma oblicuo de base
triangular.

Tres barras de igual longitud separadas en el espacio, tres cables
de igual longitud por cada extremo, cada cable uniendo (y
separando) en el espacio los extremos de las barras en una
estructura rigida autotensionada.

Simetria rotacional alrededor de un eje.

La simetria hace muy sencilla
la determinacion de fuerzas (vectores).

Configuracion de seis puntos en el espacio:

*Sean los puntos 1,2, 3, 4, 5, 6.

*No hay cuatro en un mismo plano. A cada punto llegan
cuatro segmentos.

*Esto implica que la Unica configuracion posible de
segmentos es: 12,13,23,45,46,56,14,15,25,26,36,34.
*Es decir dos triangulos 123, 456 (en la base y la cima) y

tres cuadrilateros (laterales) 1264, 2365, 1362.

Es posible explorar la situacion geométrica, p.e. con
Derive, Maple,Mathematica, Matlab,...




5. Incursion en la biologia

Un punto de vista insospechado en
el estudio de estas estructuras
aparecio con la obra de Donald
Ingber, a mediados de los afios 70,
al reconocer estructuras muy
semejantes en el esqueleto de las
células .

En el citoesqueleto, las cadenas de
proteinas - finas, gruesas o huecas -
cumplen el rol de los cables y las
varillas. Todas las proteinas conectadas
entre si forman una estructura estable,
pero flexible.

Donald Ingber
(1940-)

Arquitectura de la célula:
microfilamentos, microtubos,..


http://intl-jcs.biologists.org/content/vol116/issue7/images/large/JCS00359F3.jpeg
http://intl-jcs.biologists.org/content/vol116/issue7/images/large/JCS00359F3.jpeg
http://web.mit.edu/i-m/image2big.htm
http://web.mit.edu/i-m/image2big.htm

El citoesqueleto percibe la gravedad - o
cualquier tipo de fuerza - a través de proteinas
especiales llamadas integrinas, las cuales se
proyectan a traves de la superficie de la
membrana celular®

Dentro de la célula, las integrinas estan
conectadas al citoesqueleto. Por fuera, estan
unidas a un armazon conocido como matriz
ECM extracelular --una estructura fibrosa a la
cual se conectan las células de nuestro cuerpo.

Diagrama esquematico del balance de fuerzas
entre los microfilamentos tensionados (FMs),
filamentos intermedios (FI), microtubos
comprimidos (MTs) y la ECM en una region de una
matriz de tensegridad celular.

Las fuerzas de compresion soportados por
microtubulos (arriba) se transfieren a las
adherencias ECM cuando se interrumpen los
microtubulos (abajo), lo que aumenta la
traccion sustrato.


http://intl-jcs.biologists.org/content/vol116/issue7/images/large/JCS00359F2.jpeg
http://intl-jcs.biologists.org/content/vol116/issue7/images/large/JCS00359F2.jpeg

El esqueleto humano como tensegridad

Stephen M. Levin (Oregon, USA)

Single Tensioned Pelvis
model #05-STP-3.1

Tensegrity Spine



http://www.intensiondesigns.com/images/IMG_1454_single_pelvis.jpg
http://www.intensiondesigns.com/images/IMG_1454_single_pelvis.jpg

Regreso a la idea dinamica (cinética) de Calder

Tom Flemons (colaboro con Stephen M. Levin)

Simulaciones dinamicas del tensegridad célula
http://tensegrity.wikispaces.com/Flemons%2C+Tom

Animated Spiral Tensegrity Mast



7. Para saber mas
http://synergeticists.org/
http://www.tensegridad.es/

R. Motro, Tensegrity. Structural Systems for the Future, Kogan Page
Science, Londres, 2003.

redkoroab - | Valentin Gémez José Antonio
et E;zm Jauregui: Tensegridad : Bustelo: Equilibrio
| EStructuras tensegriticas de tensiones,
=i en cienciay arte, Equipo Sirus,

Univ. Cantabria, 2007 Madrid, 2007.

M. de Guzman y D. Orden: Finding tensegrity structures: Geometric and
symbolic approaches. Proceedings of EACA-2004. pp. 167-172.


http://www.libreriauc.es/ficha/publican/9788481024371/Tensegridad++estructuras+tensegriticas+en+ciencia+y+arte
http://www.libreriauc.es/ficha/publican/9788481024371/Tensegridad++estructuras+tensegriticas+en+ciencia+y+arte

D.E. Ingber (1998) “The Architecture of Life”. Scientific American Magazine.
Enero,1998.

D.E. Ingber(2003) “Tensegrity I. Cell structure and hierarchical systems
biology”. Journal of Cell Science, No.116, pp.1157-1173.

S. M. Levin, Biotensegrity and Dynamic

BIODTENSEGRITY

P : Anatomy,

DOYMNAMIC ANATOMY L8

(DVD: conferencia & conversaciones con Tom Flemons)

http://www.biotensegrity.com/

STEPHERNM M, LEVIMN, MD




4. ¢ Analogias en el ambito
de la arquitectura?: Indicios

llustracion de los temas de referencia:  § \

1. Energia: climatologia.

2. Materia: nuevos materiales.

20/08/2023



Control cimatico en espacios
ablertos: Expo 92

Dpto. de Ingenieria Energeética
y Mecanica de Fluidos,

Univ. de Sevilla

Ley de “anti-tabaco” 2008.....
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Sgledad Sevilla transforma el Palacio de Cristal en una
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La artista, pionera en el arte de la instalacion, pinta el cielo en este edificio emblematico de El Retiro
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The consideration of this type of periodic structures is motivated by
some of the structures designed by the outstanding engineer Eduardo
Torroja (Madrid, 1899-1961).

HIPODROMO DE LA ZARZUELA. MADRID, 1935.

C. Arniches, L. Dominguez y Eduardo Torroja. Con la empresa
constructora Agroman E.C.




The shell roofs of the Madrid Racecourse (1935) are a brilliant result of the
forms of the reinforced concrete consisting of a system of portal frames,
spread at 5 m intervals and connected longitudinally by small reinforced
concrete double curvature vaults. The cantilever roof, with a minimum
thickness of 5 cm, overhangs to a distance of 12,8 m.







Estructuras desplegables: S. Pellegrino, Cambridge U.K.
Es lo que Chillida llamaba la “arquitectura invisible”.

Obras inspiradas en tensegridades

La nube: Neuchatel Suiza EXPO.02

Ingenieros: Passera & Pedretti

Arquitectos: Diller & Scofidio Architecture New York
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Gracilas por su
atencion
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