28 5 9 #OSOW oM o B Vol. 28 No. 9
20269 H Progress in Steel Building Structures Sep. 2026

BERBLRARFHRRUBESEURTEAR

BB AR IRA A APAT B L R
(LR ARRHAR B TU0 WM 2132005 2. 2K 1A TR¥ B, WL 424 3120005
3. I TR AT R /LB 3112005 4. R Q1 TR AT B AL MEIT 4424 312099)

W OE: N ERKPIERSS TSR TR AR LR T —FE T A A AR SRR B R R AR S R RO i
ZITETIAT M BAT 2 BT LA Bk 161502 49 A5 20 50 s i 29 SR ) S5 M B Ak R TE S B R &R 85 A U
bR R a5 () R EL5 B o0 2 AL S 07 %% 8 A I g YR R SR FH AT S 40 R 9k G R I O R AR A R AR B
SRR AT E0E 2 H AR T AT s A AR S ) B o A o ARFE S PR TR R X L AT S AT oK e A 5 A T R
ABXT LA AT o 25 A SR W]« AT 45 40 119 Jie K Al 33 O T AR 28 501 R 25 0 1 e Kn] B O AR R 38 8 1 190.74 %6, Tl
N353 A A v AR B 2 s . TR TR A O VR SR A 100 S 24 o 1 R SRR PR 45 A 1 IR A 1
M5 rT AT, AT Sk 5l hir 4 (A 45 Ky 118 TR 1 A AR B S

IR RIS HRIE s AR BT TT ;A R R T TE AR TN ) 4 A A

hES%S: TU399 XHARERD: A XEHE: 1671—9379(2026)09—0100— 09

DOI: 10.13969/j.jzgjgiz.20250214001

Form-Finding Method for Tensegrity Structures with
Boundary Constraints

FENG Xiaodong", GUO Youyan®, HU Zhibiao®, XU Zhongli*, ZHANG Xiaonan'
(1. College of Future Technologies, Hohai University, Changzhou 213200, China; 2. School of Civil Engineering,
Shaoxing University, Shaoxing 312000, China; 3. Shilang L.ongshan Engineering Design Co., Ltd.,
Hangzhou 311200, China; 4. Tongchuang Engineering Design Co., Ltd., Shaoxing 312099, China)

*Corresponding author: xiaodong.feng@hhu.edu.cn

Abstract : In order to optimize the application of tensegrity structures in practical engineering, a novel form-finding method was
proposed for tensegrity structures subjected to boundary constraints. Dummy members were introduced to release the
fixed node constraints and transform the tensegrity structure with boundary constraints into a free-standing self-
stressed system without supports. The three basic conditions of the structure were determined, including the
geometric topology, the dimension of the structure, and the element type. The force density matrix and the
equilibrium matrix were then obtained, and the singular value decomposition method was used to iteratively solve
them to ensure a correct self-equilibrium configuration. The nodal coordinates and force density distribution were
subsequently calculated. Based on a practical engineering case, the maximum light-transmitting area ratio and
prestress distribution uniformity of a seven-strut and a five-strut tensegrity structure were compared and analyzed. The
results showed that the maximum light-transmitting area ratio of the five-strut structure was 190.74 % higher than that

of the seven-strut structure, and the five-strut structure had a more uniform prestress distribution. These results
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demonstrated the feasibility and accuracy of the proposed method for determining self-equilibrium configurations of
tensegrity structures subjected to boundary constraints, providing theoretical support for the practical engineering
application of tensegrity structures.

Keywords: tensegrity structure; form-finding; boundary constraint; dummy member; singular value decomposition; maximum

light-transmitting area ratio; uniform prestress distribution
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Table 1 Connectivity matrix of the two-dimensional

IS

pre-stressed tensegrity structure

X IK4EE Cy
B/ E c C

1 2 3 4
1 1 0 —1 0
2 1 0 0 —1
3 0 1 0 —1
4 0 1 —1 0
5 1 —1 0 0
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Table 2 The connective matrix of equivalent self-stressed
tensegrity structure with dummy member to

remove boundary constraints
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self-stressed tensegrity structures
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Fig.3 Convert a 7-strut tensegrity structure into a 5-strut tensegrity structure



5593

HA 1 T H A 00 sk B PR 25 4 4R BT

105

A2 Ky S UG A Dl R g kA R AR A i A 4
FaY ) i DR T 3 D't T AR AR 5 5 K TN T B AR B FE A A
AR A AL B 254

T 63 7K L A 25 0 1) 300 SR 24 SR AR R 5 B LA R UL 1
FATT 5 T A5 A O AL FTR W0 UR AT 1R B A R 22 S O A
FRPFR 51 AT S A BT AR o -EFT 4544 R SUAT PR 12 35 A
FHAB 1 P2 FF AR B S5, ULIRL 3b) 5 TUAT 4544 ke 41
FFA 2 e R A 30 B 20 o FF R LR 22 3, WL 3d)
WA S B T v AR 2 5 A 1 X N ) 45 280 A
SR AR TH A

31 HREFENEESITEREITL

TE TR P A ARG M HRIE WE 50 b, 25 28 T ik R B 3
Pk RE 22 5 538 A B R b kAl A sl R
05 S T L 5 1 32812 B0 S 22 L b R A ) T 9 A1
TR A R R AW o AR SO A FE T R I B
T8, 1 3 ST V- A R R Y A S RO A S R T BT AR AR A
BT RO AP 7 RER AR R o DL TOAT SR R AR 2 A
WS BRI X U ST o I3k 3 B, 1A R s 47 IR
BOT A SCO7 B8 b stk 5 s AR Bk HoA A gt
FRCR BTG TRHOIE R RCRTOR, AT B R A
SCHR HH B RO J7 i

32 HFHERAAELERE
45 ¥4y d R R] 28 O' THT BR A S 48 45 ) R e R AT DI TR
T AR 2 A T AR (% IE B8 T AR TS0 B U AL . %48 b

AL FH 37 AR X 45k
0.6 AT R I AR X 45k
04 r
21 ;)\‘
~ 0r
al // >
04t
-0.6 b— : '
-0.5 0 0.5
X

a) GAFTRAL ARG AR IR

x3 AEAENFEHIEBITHEISEE
Table 3 Comparison of average run times of different

methods

F ik % A ALFrik FHhmmaE e
EAT R R 500 500 500
F 3 iE 4T A /s
Z 42 A CPU & 5 % AMD Ryzen 7 5800H # Radeon 2 #4 &,
T VLB AT EOP ik

0.393 8 0.8127 1.3556

JE VPN Y ROV RE A R ZAR AR . AT S v A A
TR T T5 i IX, 32 X R AT 2 35 00 2 5 1ROl I 22
S 5 4 i AT OB TR AR AR BEAE T 0 A B ARG BRI
WIREFE , 05 & AR o e KT i e i AR R 35 4 5K
X (32) Fow

t=(A/S)x 100% (32)
EVL AR SESE 38 ST IR MWL (b FNIIB-
T AR 5 S O 45 K S5 T BR (F2 1E % 82 T AR IHAR)

S K 45K 5.R6 PRy S AR (& 3a) (c)), Al T
G0 O o 25 R ) i R AT DG T AR SR IR 4 P o
A T B 465 /g S THT BRI B2 T, T B A 5 4 4 e T
FOL AR 5 T 190.74 %, 1 3F 0 T L AF 5K S 8 ik 45
F i KT R . A RO HE A= R v
P 1 NS S L BT B, AT B OB ERET ; [R] )
W T A R A PN IR T A A 7 ORI T IR T REFE K
ko iz AE#

A B AR X35
0.6 AR FE AR X 35K

0.4 +

02t

-0.5 ' 0 05

X
b) FATIKBIEAR SN

4 SKEER L RS E A E S R X i
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Table 4 The maximum transparent area ratio of a

7-strut and a 5-strut tensegrity structure

M EA /%
L AF(HRALHT) 5.29
AT (A E) 15.38
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Table 5 Node coordinates of the 3-dimensional 7-strut tensegrity structure

Tk x 3y z Tk x ¥ z
ER-S —0.082 2 0.501 6 0.000 0 A 12 0.067 1 —0.0957

k2 —0.470 8 —0.1918 0.000 0 FE13 0.067 1 —0.0957

A3 0.2917 —0.416 3 0.000 0 A4 0.078 4 0.086 7

kA4 0.340 9 0.377 0 0.000 0 F & 15 0.078 4 0.086 7

FES —0.4435 0.248 5 0.000 0 T A 16 —0.1019 0.057 1 )
A6 —0.143 6 —0.487 6 0.000 0 FET7 —0.1019 0.057 1 0207
AT 0.507 4 —0.0315 0.000 0 T E18 —0.0330 —0.112 1

k8 —0.018 9 0.1153 —0.267 3 F & 19 —0.0330 —0.112 1

A9 —0.0189 0.1153 0.267 3 F %20 0.116 6 —0.007 2

F 510 —0.108 2 —0.044 1 —0.267 3 k21 0.116 6 —0.007 2

F a1 —0.108 2 —0.044 1 0.267 3

Fo ZHRMKNBHREHET LR
Table 6 Node coordinates of the 3-dimensional S-strut tensegrity structure

R x ¥ 2 bR x ¥ 2
a1 —0.552 0 —0.0339 0.000 0 A9 —0.054 3 —0.2101

A2 —0.1384 —0.5354 0.000 0 F 510 0.1830 —0.116 6

&3 0.466 5 —0.297 1 0.000 0 a1l 0.1830 —0.116 6

T a4 0.426 7 0.3518 0.000 0 a2 0.167 4 0.1380 0.316 2
FES —0.202 8 0.514 5 0.000 0 FE13 0.167 4 0.138 0

T E6 —0.216 6 —0.013 3 —0.316 2 T E 14 —0.079 6 0.2019

T —0.216 6 —0.013 3 0.316 2 A 15 —0.079 6 0.2019

A8 —0.054 3 —0.2101 —0.316 2
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Table 7 Initial force density coefficient vector of

the 5-strut tensegrity structure

xR8 EHKNBEAEMVBNEERYRE
Table 8 Initial force density coefficient vector of

the 7-strut tensegrity structure

2AER 27 N EEERERE B EA #7 NEEERERE
R H T ¢1~q20 1.000 0 & E T ¢1~qs 1.000 0
HFET @r~qx0 —1.0000 FE T o~z —1.0000
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Table 9 Normalized force density coefficient vector

of the 7-strut tensegrity structure (relative to rod 1)

FUEA # T NEBEBERBRRZ
R HET G~qu 1.000 0
RHET Gr5~Qos 1.370 1
AT G~ —0.5000
H#E T 3~z —0.629 9
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(HEXFFHF 1)
Table 10 Normalized force density coefficient vector

of the 5-strut tensegrity structure (relative to rod 1)

PUER ¥ NEREZEKE
R HT G~qu 1.000 0
& H T G1~G= 1.1205
T G1™~Gss —0.500 0
L Go~Gs0 —0.879 5

PR B R — R IR EF T, W GER —
WJE BRI sk . 20 6 MRIMR N B RS (r, = 6) )5 , L #F
SRR R G MY e A IR S AR LA AR RS (s =
1) 16 D TE55 /ML AL B IS Gy, = 16) 5 TUFT TR B A
SRR AN WL SAEE LN AN IEEG=1).101
TE 55 /NG Ar B BE3S Oy, = 10) 5 PO Bl RG 704 3 J& F i K
EHEIAERER

THR WSS S5 1 %% B R BUR b 4 X (E Y 7 22, 0
KAV A HBEnT A, AP hr AR &5 49 Oy 2 /N, T
IR ISR R D G a2 N N S I % S S i o | D S N
) () I B i B R AR A B e T AR P B o e 4 L U
A PR BE 3 43 A AN ¥ 5 35 il T ) R GR T O, DA
2 &

gi LR A A BRI AT, B A B R TR
FHANAA 5 15 B 388 2ok A SO0 3 B, 6 Uk T I 48 5 VA 78 5 4%
SRR R R AR S R HROE 1 v AT S R L Tl ok
i LR AR 4 R A S R TRE I SRR S

4 #Hig
AR SCHR T 1 0 24 SRS R U 40T O

11 tHMATFRKNEFEUMNIZERBEXE
@MITER T E
Table 11 Variance of the absolute value of the force
density coefficient vector of the 7-strut and

5-strut tensegrity structure
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