Static Non-linear Finite Element Analysis
of Spatial Cable Networks

4 8 g AN~ =Tl OF  AF g
Kim, Moon-Y oung Kim, Nam-11 Ahn, Sang-Sup
8 X
= 7g] AolBo g o] &% 3a1] AolETe] AH v4¥ FAa4LHA ZEE A B4, 32 E
2l Ag 40t BAESA Aol B a2 (elastic catenary cable element) 3 FHAEW P AFPLH 2 Flegpe
g e e ackit) XA ¥R do7|n AL i Fol2de 27EE QS AR5 H84,
Newtor-Raphson ¥ 7% F]%‘%—‘E 7 H4A el e sE FEdle 2o viscous damping & 18
% dynamic relaxation®-& A Algch EF zv|e) ARBEAHE 7|Eo2 el O Aojawe] A
v e He e, 2dde) ) gEe W AolB T=o Bt ”]"“‘JEHH sElaln, 4T EE

]2’.0] ang] z]‘q.g,]. u] o, 7—111—;3,—].\:E = L.‘l_oﬂ}\-" Zﬂ*]‘?l‘ Q]TF':__ g_l E]Mrﬂ-tﬂ o] E].\:’J-HO 0]7“0]-1:}

Abstract

A geometrically non-linear finite element formulation of spatial cable networks is presented using
two cable elements. Firstly, derivation procedures of tangent stiffness and mass matrices for the
space truss element and the elastic catenary cable element are summarized. The load incremental
method based on Newton-Raphson jteration method and the dynamic relaxation method are prese-
nted in order to determine the initial static state of cable nets subjected to self-weights and support
motions. Furthermore, static non-linear analysis of cable structures under additional live loads are
performed based on the initial configuration. Challenging example problems are presented and dis-
cussed in order to demonstrate the feasibility of the present finite element method and investigate
static non-linear behaviors of cable nets.

Keywords : cable network, geomelric non-linearity, finite element melhod, spuce truss element, elastic
catenary cable element, load incremental method, dynamic relaxation method
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001071 | 595.27 | 59487 | B86.74 504.84 594.89 | 594.44
0.01786 | 74422 | 74369 | 73152 743.69 4376 | T43.18
0.02500 | 854.18 | 8354 | 840.74 853.52 853.62 | 8B2TH
003214 | 94341 | Y4270 | 93472 042.67 942,80 | 941.93
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39 Aol Butel 271HP AW 2 B 44 vdE FEaLss

lrk =T I¥ 7 gAHFH 8 Y £
FEaEe] Frld uhE AolBe FIAF W3t
2 Jehlsd 3Ee] Fbdl diEted #o]e]
73 8} (hardening) 3l= %4-& UeEhdth

5.3 53R 2= AolEd

18 87 o] 2E w(=0.000464ks/cm) &+ A
A 39 —7zuksko a2 HEelEE 3628.72kes =
5AARA o] BL et o] el AJERA H
oli= gAY L=114.3cme]t}. o] oA
ANe e 7] dEmge 4 ZP‘GJE}.

stEE Yl AERe] Aee A5
222 2AFH AH 34 FFoTo] L
&= A5
223 ! sERg2d AdolE
(di,=—762cm, ds.=7.62cm,
dyy=—"7.62cm, dy,=7.62cm) ®] F7}
9 A3s
stz | sEEg2d AHoF
(dsy= —7.62cm, d.,=-7.62cm) ©]
F271E= A
H 4= 40 A BFAE A, 274, 374, 64
o ExAess RAYT B e ©A4E
FHeaz REYY Fed A 39 FHAA

3515

w
&
a
|

--£3—  Truss element

—Jll— Elastic catenary cable alement
3505 -

35.00 —

3495 -

3490 —

Vertical displacement at the loading point {m)

.
000 L00 10.00 | 15,00 20.00 25.00
Number of elements

TP Ha}

AAY
Y
w
IS

RARNNY

l-——114.3 cm ‘-‘4—— 114 3 cm —-[

+—— 1143 cm

5
77T
[ 114.3 ¢m -i

A =0.080645cm*
E=703,065.9ks/cm’

7 8 5EE Azt AolgY

o dwtdom AolBiE=
2l Alelge] A 75
o] Ee] B A4EE &
o e Agert. FETFIH Zo] AF
*ﬂc'ﬂ -°~16;P 71101‘%%%1194 z7] B¥4HE &=
Mg et o] dAFs s

—‘?—ZH% 17H9] sattez FEF dedfel &
A, ERjand e dErle] 84 sl_té‘ﬂ
el dagd & F vk ATl st
& doZ v AolBe g5 BYUYRY
Fauigel ofste) TAFH ] FFYHE
T 2o ofeirfe] B AHang AHE-E
of gt} o whale] BFEF 2-

==

i F
R Zol 24| g2t =719 eFHo| FEF FH g9
Aol ¢ gAY o5t 2 A
galy] w2 AlolB AAH o] A AHHY
ok wehA] o] Aee HiTe] Edig
2 ARl 3] RESE 1 gl 59

_EFUI
i

.4 21 BRE 7t Alojdy
a7 98} o] A= w(=0.27685ke/em) o A
A 74 -7 "Wgkoz AZdF 90,718kg s o=



Z1E

B4 Efjas U EMEpME A2 SHE MSHA
Mol & XF (em)
g% 1 2 3 6
Sz23 Edags | 110810 | 10379 | L0545 | 101818
1 |@agsde4| 101587 - -
Hxzdl EfiAgs | ST2181 | 372181 | 372181 | 372181
2 (d94dsdes] 3728 - -
szzgl EdAss | 231500 | 231500 | 2315%0 | 231500
3 |HA8sdes| 2316501 - -
soad EXASA | W5 | 445502 | 4M4A602 | 44550
4 [epusdas]use | - -

* : time increment=1., damping coefficient=1000000.

2147 A o] &

ol F

Qe 24 Ao B
AR L=4572mel T o A
AAE Heel A HFEE

A A

A7,

A2 AFTe) F8oke 3

Fezde: A5 27 T AFHF
2 A3 A5

de) szagel et MaPHH L

a7 79 SARAEE AN Rolh

3 b
8 5l

o %7}

ol ExAmde Aoy 174F 17, 27,

371, 6709 a4, BPES

7

A2 nd=ys

Ange

e &
S WAATY e A3t

Hﬂ

75 e
Bzt & A el FANE 2
% 9l5e] AFte]l g A BdAEFAL
A BT 1] eavtoz AT AL
£33, Eg2ande QY 4z 2Y
Pahs Aol BedE & & At WA AF
o F7lsle] A sFel Feshe el 54
Ao A4ANY AL 5o B2 RYF
oy PG ez NFUWY g FETE
Q£ AT ol AlE AFs] G| FUHAE
Hstgd Hate] JiH oz FopAm T
o2 Ql3le] Aolgw Ao BAe AP gl
Aol AN S ) YEes wadch

6.d £

EY }.'&Ag} g—
A WHE
‘%}l\:— 71101%‘%4 2718y HHE 7575?'5}

F7relze] digt AF wAHdE el

g 39} v 48| B Al Newton-Raphson ¥t

W ZA% FE=2YE viscous dampingS
75 & dynamic relaxation®o] H-&gAch

olBrto] 7118y wARE e Filey TEFH

e AEL d%Th
1) Ef284E o&T sFFEEd o

71884 vy dus 2E, JFFEHT B

Aol eg 1T AelBTe E7|HIE IR

223 A=z FHEsA.

2) ‘%"éﬂd‘?—ﬁﬁﬁ:f o] &8 7] A9 w4

MM FETE FHER Bl At F

;‘.":.»
1=
z P

¢

o I P

#5 E2ARA 3 sHEeM
= A& (cm)

4 BH 79+

%—'Y “f ”ﬁ “5 T
X &
7 K17 N

2114_ 5 6 7 _'*E_
-9 10 1 1z 1_35:
) vt
14 hs he H7 L ‘I
e Ft
i

19 20 1‘21
7777 77L7

b= 4.572 M —afa- 4.572 M—wp— 4.572 M -wjs- 4.572 M ]

A =15.48384cm*
E=1,617,051.58ks/cm?

T8 9 21E™ Aol

a4 1 2 3 6
fzzd EfAgA | 131689 | 12.8742 | 12.6238 | 12.7941
1 Rk _ _ ~
2882 12.7843
e E#]~a 4 | 88,1886 | 88.1873 | 88.1870 | 88.1868
Pl e 3 R B
FAas [(881863)
* . time increment=1.,
damping coefficient = 1000000.
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