Uniform 3-D networks and
related sponge surfaces &
polyhedra, as inspiration to
Innovative space structures

By Michael Burt

Professor Emeritus, D.Sc.
Faculty of Architecture and Town Planning,
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Periodic minimal and polyhyparic surfaces of genus 3 , subdividing space between
two cubic lattices into two identical subspaces.






Periodic, uniform and non-uniform infinite sponge polyhedra related to a minimal
(hyperbolic) surface of g =3 which subdivides space between two diamond lattices
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The subject of uniform 3D space networks is
inseparable from that of the hyperbolical sponge
surfaces and their tessellations as uniform sponge
polyhedra.The statement by A.F, Wells, in his
monumental work: ‘Structural Inorganic
Chemistry’ (1962) that “The theory of these
nets does not appear to be known”, challenged
the author into this recent research effort,
resulting, so far, in more-than 250 distinct space
networks, including some sets with an infinite
number of members, each.



networks come in dual pairs. Each network is uniquely determined
and is a reciprocal of its dual (complementary) companion.

ery dual pair of networks is associated with a continuous
verbolical sponge surface which subdivides the space between the
), into two complementary sub-spaces.

is trinity of the dual pair and the associated-reciprocal
onge surface is the most conspicuous, all pervading

ometric-topological phenomenon of our 3-D space,
ociated with its order and organization and more than anything else
ermines the way we perceive and comprehend its structure
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etworks, as polyhedral tessellation configurations,
rise to some familiar binding relations:

CT.U.=gT.U. =LT.U. - NT.U.+ 1,

J. & NT.U. stand for edge lines and vertex

S, respectively).

Pav. F =2E = V. Val.av. ;

V (2]1 —Zaav.) = 4J1(1 —g) - Descarte’s theorem
V-E+F=2(1-9) - Euler’s theorem;



= © Den.(tz-s*.“zl'%)=5485%]574%5 L )
!
- 72 [ &
=29 . \
L\ liaw
\
\
TS s ,.




6075 9/a?

81249 Deno-usien=0.04073




\TEGORIES OF UNIFORM Number of networks

) NETWORKS Found so far
Centroid related networks 5+13
Axis related networks 33
Plane related (Double Layer) networks 57
Centro-Axial-Plane related networks 5
Multi Layer Space networks }
Poly-vectorial Space networks ~160

Translation networks - 00



An assumption is formed that we are dealing with
probably not more than few hundreds of uniform
space lattices in 3-D space and in view of the
valency limiting values and symmetry constraints
it seems that an exhaustive systematic search of
these configurations is tenable.



BOLIC CUBIC SURFACE SHELL STRUCTURE

.= [:llﬁD F‘_.‘LHD
BLUE |paRK

*A190 b qaiw
SPONGE WAVE BRAKER

) m[:mﬂ_
SAILING CHANEL




5; - C,onf&gura{i on

and velalionils the
diamond . battice.

Zp

4 : —










34.34;- |.P.L PLATE






D-87G0 Wilrzburg sat: L Zo°, ¥ Zoo \
SteinachsliraBe 5 _t!!‘__ Yo

{MERO&)|

Telefon (0931) 41030 ST.B.ANL: )
_IPL- Plole.  200x 200.en, - i
S— Zeffechivt strictaral herght = 5 medules=16.3255m. Sqen
M odel .Q(w ;\-mr)-l-v\m.! O“"\\‘.’_\-&\‘i A fj’q a& P'-a.ﬁ'?- ’Y
I o - ,
. el WE - S _ﬁv - Sym
i @5 AR EEY ey DO e~ 0 o o
€ < k. X 'ﬁ‘( b; by 3 b edtiond ’
H dﬂ" e
. A NN I 4 § | sgiectinst
i & f A ’4 ! b RAR A o
YN/ N N N
4 i v e A b
B .. ; X 4 7 S
[[@ %4 o .f K Xf X 9
:I._ \ VieNG N ) g /%
o r act A |
m! A X i
g\" & ; X’ 7 §; h ¢ " f iy g 9
: y § J % 18 g
: .fé k ,(t y f 3. }é . {OnJ AL |
e L X)( )‘1 i _;' '_‘ “‘_‘f u_uU .
4 3 4 |
; \ o
4 NN ;
i 7 y; | i
+ & 5 § TR AR e Iy Vedicol ‘
L - 4 . ey tal
5;?.‘ N4 LNl NN Supports !
i i@ TR bty o \owest !
—_f & 3 ﬁ 3 [ o] xv‘t 3 | loger. i

D -

w0

S -

: B —— L 8O m . 1
SianiPicant guantties $o¢ spructarel amalusss meded (A~ 4fg4 System)
Nuwmber 8f woder: 2 (45 .
Nuwmloer of wmembers, 7022, 2 Qg 4.9 ua for modules sdes  and
Maletial pvopertiest o) steel l 4T =S.6568 o 12 dingomclige cobocyahedronsg  of
Twnposed load ! uniform 5 10 KN (= 00 14 /in®), dead ~éight 4f :fm;iwe imeludy,
Suppords : uev’\;w\, of twe sides aF Kroie (+ Sywmelr camsTramts o} A TAXES ).
Mo iminin vectical c\r;co\acéw\e.“"_ = = 507 o o Yo v dle 0‘- Yl a,la:ie,
el ~ q_fw d"_' S‘W’h, : .
( Additrvonod hevizowte| divplsaweats Sup 4 L0 UM-\
Moaximuwe Qovces, =467 Toms Ceompression), 120 Jons  (Tewmsion)

MMM GIPD\' Yhe viL\-blC ?\a.Tf wigls Sy 200 mx 0D > 40 2po m'k)

Tubes: 28 042, o beil t.ﬁ.leaiﬁ—\‘. M9 899,31 m wg,\%h,'f: 4393, (H}',

Nodes, 8880, ~ wevaht =  429.947 s )f's
Tabe 5i2€ dishibudion Node sre+¢ ﬂv{-;rfplm!‘f'ﬂﬂ s (46 45T =D ﬁ 33“;
p 883wne [ S7L @ 440/ 53| 2287 -

jeg. y3e 132% af 48 20.0 U

129, v 36 £8% ass/ (38 | 3z, 4

T 4393 r4e 6 % 485 458 40.3 %

89 ¥&d | Ak 198f 48 8.2 %

168.3x20 | 2.7, 22/ 728 [ 4. U

;.«9,11.1-7 w -.-so/;;s;, ”

i £k 3 "0 H A -

-t e

BT e il TR T TE (T B
Hobes! G);H 007 210 kWhanet  fubes iy it 199337 4 nodlto 104i3A ) 4TIz 16007 %2\

W = b asfat sdanbes de-‘;l’»ff:J’.”‘éﬁf* nolley weight=124-1" < __"3‘93?—.-.(395’
bul staddiv g dimaesiBrteg wit 9 6035 2.9 aud A 34 a0n n -t




—

PARATIVE LAORPHOLBGICAL CHARACTERISTICS OF THE OCTET DOUBLE LAVER
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3D networks and the associated hyperbolical sponge surfaces seem to
pose a critical aspect in all ‘material sciences’ and as an extension of
graph-theory, dealing geometrically with any plurality that may exist, of
focal entities and their inter-relations.
After investing in the systematic research of the topic, the author claims
enumerating, categorizing and graphically describing, so far, about 270
uniform 3D space networks and related hyperbolical sponge surface
configurations.
The effort is meant to support an evolution of new imagery which might
Influence scientific exploration and inspire art, architecture and innovative
space structures.
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