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A Design Method of Tensegrity Units for Renovation Elements
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Abstract

In this study, an advanced form-finding method of tensegrity unit modules is presented to apply on renovation building.
Here a fitness function of maximum natural frequency which can lead to a maximum stiffness status was used for a
genetic algorithm. To apply the lightweight pin-jointed structure to the renovation project is more economical over to build
new structures. In this paper, two types of tensegrity unit are presented to build expanded structures, and their force
densities are shown using the proposed form-finding method. The expanded structures which may influence renovation
projects are presented by using the tensegrity units.
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(Table 1) The force density results of the unit
quadruplex module tensegrity

Force density

Type Member Member Present
group
T=048
Lower cables 1 14 1.0
Upper cables 2 58 20
Bracing cables 3 9-12 20
Struts 4 13-16 20
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(Fig. 3> The connectivity of classic T-3 prism tensegrity

(Table 2) The force density results of the T-3 prism
tensegrity

Force density

Type Member Member Present
group
T=14.56
Struts 1 1-3 -1.0
Bracing cables 2 79 1.0
46
Other cables 3 1012 03
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(Fig. 4> The obtained geometry of the double T-3
prism module tensegrity. Perspective view.
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(Table 3) The force density results of the five
quadruplex module tensegrity

Force
density
T=252

Type Member Member

group

1611
24
79

510,16

Lower cables

2 12-15 20

17,22,27
32,21,26
31,36
Upper cables 2 18-20 20
23-25
28-30
33-35

374247
524146
51,56
Bracing cables 3 3840 20
4345
48-50
53-55

57,62,67
72,61,60
71,76
Struts 4 58-60 20
63-65
68-70
73-75
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(Fig. 6> (a) The classic T-3 prism tensegrity and
(b) the connectivity of the double T-3 prism tensegrity
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(Fig. b) The five quadruplex module tensegrity grid
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(Table 4) The force density results of the double T-3
prism unit

Type Member Member Forc.e
group density
46
1 13-15 100
Cables 79
2 1618 414
3 19-24 357
13
Struts 4 1012 04
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(Fig. 7) The obtained geometry of the double T-3
prism module tensegrity. Perspective view.

6. 2E

B ERolAE TEBo] A LHAEFE e
AejelA Ao BAE AL 5 Qi 280 Tl
A9 47139 g Lol B4R SEL
Arstgc Ao elmels TEge Hgo] A
& 2% WATE B2 A Asted 2744

1A §9 mue 4sEd A1y §5
Z giog B Akd Fge e

7)E Agete] HlaoA

oX,
fins
olN
Q‘L
2
v
Ul
o
=
™
rlr
o
N
)
A
Ho
L
td
(1)
o

2L R o
A A

i

ol

o

ol ok
ot
dot
ol
L
1.
o
2
o
>
v
g‘ﬁ
il
o
2

;

a

inj
o o
rlo
iy 2
)
zy
o
kit
i
]
¥
X0,
32
)

nj
riu
{u
N
l 1o
to
)
Ho
L
tlo
:(I)L_rl
1%
ol
£
N
)

29 4AENE =S5

mot oY,
L >
o &
o ®
nu

B

re o
4 1o
T

td
oL L

oy e rfT
-4
R
N,
r{o
—
q
)
o
B
2
=2
1o
:?L_',
4
o,
Al
32

Sz

re

S X _147

r
Pal
19

-



0|53 - oltE - FHH

References

1. Schek H.J., “The force density method for
form finding and computation of general
networks”. Comput Methods Appl Mech
Eng 3. pp.115~134, 1974

2. Connelly, R, “Rigidity and energy”. Inventiones
Mathematicae, 66(1), pp.11-33. 1982

3. Li, Y, Feng, X. Q., Cao, Y. P, & Gao, H,, "A
Monte Carlo form-finding method for large
scale regular and irregular tensegrity
structures". International Journal of Solids
and Structures, 47(14), pp.1888-1898. 2010

4. Pagitz, M., & Tur, J. M., "Finite element
based form-finding algorithm for tensegrity
structures". International Journal of Solids
and Structures, 46(17), pp.3235-3240. 2009

5. Tibert, A. G., & Pellegrino, S., "Review of
form-finding  methods  for  tensegrity
structures". International Journal of Space
Structures, 26(3), pp.241-255. 2011

6. Guest S., '"The stifness of prestressed
frameworks: A unifying approach". Inter-
national Journal of Solids and Structures 43.
pp.842~854, 2006

7. Kebiche, K., Kazi-Aoual, M. N., & Motro, R,,
“Geometrical non-linear analysis of tensegrity
systems”. Engineering structures, 21(9), pp.
864-876. 1999

8. Oppenheim, 1., & Williams, W., “Mechanics
of tensegrity prisms”. In Proceedings of the
14th international symposium on automation

& robotics in construction. 1997

m Received : November 17, 2017
m Revised : November 27, 2017
®m Accepted : November 27, 2017

148 _H 173 HIAZ SH 702, 2017. 12





