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A Numerical Analysis Approach for Design of Cable Dome Structures

1A @

Kim, Jae-Yeol

5 9
Jang, Dong-Woo

Abstract

This paper deals with the method of self-equilibrium stress mode analysis of cable dome structures. From the point of
view of analysis, cable dome structure is a kind of unstable truss structure which is stabilized by means of introduction of
prestressing. The prestress must be introduced according to a specific proportion among different structural member and it
is determined by an analysis called self-equilibrium stress mode analysis. The mathematical equation involved in the
self-equilibrium stress mode analysis is a system of linear equations which can be solved numerically by adopting the
concept of Moore-Penrose generalized inverse. The calculation of the generalized inverse is carried out by rank factorization
method. This method involves a parameter called epsilon which plays a critical role in self-equilibrium stress mode analysis.
It is thus of interest to investigate the range of epsilon which produces consistent solution during the analysis of

self-equilibrium stress mode.

FAE : AoE F ANFIRE, Yuioigd, Ao BE Tz
Keywords : cable dome, self-equilibrium stress mode, generalized inverse, cable dome structures

1. #lolg & #==

% A1 5 3l ARFE) shirk o PxBold) 1
2y 72 vhe 9gge) ZelrEsvt Basly,
o) LelxEalne ofs) BAE A FERS B
& H93) 228 B} 9ok AA7EEe) Dr)E

* A3Y, gAEUsta AFFET @, FEAL
Tel: 031-299-0758 Fax:031-298-2737
E-mail : jykim@uhs.ackr
= A3, Mg AU A3 Ay
Tel: 031-299-0758 Fax:031-298-2737
E-mail : mir728@empal.com

FolRA] W 298 % gl 7V B WY
% shbs, A8 AATEE] 4719 Y$H )
Q FEN2HOZ ASE Roltk Aol F 2
Bo] ol /1YY PN 2] F& dolek 7
o F FEAAFE A AAHOE AE2AM
Hgsol gon, Aol § PxE e %8
& FEAA0 ofF B T o FAU=

LRt Sltk Q1 2 AlolE: vRAE ARl o))

A2 2A84 1 « 89



ARG FER

A2}, v} e o 3L A UiR- O
o, AHOlE, 453 T R 5o 2§ 9
3 AREE A7 ol L3k PAMIE v
W7 589 &R 23 A|HET. whE,
AolE vfAE A 2F 07 REQ] FRAR v
FEHE ARBAL e T2 2J3) A==€ Aol
£ npAE A|2Ee Y Y] ZREE AFE A
olE IFOE WHCIE(ERES 2 AN U
HEHNS 2 AR 0E 7= Qlth o] Al2H]
o 87T FHAAE 3 a3 P =ed
& QA ZEAEYAE EYsfoksict Aol EnlAa
E A &EY BAld] =YEE THAEY 20 F7)
© AlzHel a7 EE FEHE S 5 A -3
A= ojA o} gt} Alo]E viAE A|2¥] HAjEe]
ZYXEG 2 e A S AV|HYSH &
ttn j

12 7oz & 7x2 =y

Aole & 72l o Fefe ok Fo) I
o ols) AR} TR0 olx Po Yot
Efigol}. & AT TFx Qi Bige 17
19} 2] N2 e WAL 71 S ohxje) 23
o2 o)) Holth

I8 1 NHO| e £ ofxlo| o) mEHH
e}

dY #HolE &

ool

Aol Brze) UL o] Bie| 958 we}
2Egol (Y 2 19 3), F BENY Azl
$212olck. 2 He] X HFA olaf e
oAAH, 7t Geje] AL HAe 9Ho Aol

oot el 458 et e AR AR AN
2% e FHEF| F5ol thal tholojof Tt
€ 2otk o] AEL dHBE I8 A
AlolE FAE7E @d€t

-——

- -

a3 2 WHolu EtE e BN BE

JOF 3 HYolLt EtE e ofzhy HE)

2 Ao A4E wde 1% 2% Y3ast 5
U] ¥goz T WRYAlY 370
& nhaEd ol 53, AR TR e 4
Ak, o] pkaE X5e] J7ke T 49 o] F
el ol WE AR P5F 71R0E Bk o]
ol WS R 950019} B B BHSEY.
B AT, 2 M5 340l tgess, o

St wliEY FolE A 4 Ytk

heightof ¢
f

masts

a8 4 ojAE o| Hst

90 » 2008 zYYaYE=2x



Alolg & == MA

(T
do
ok
4>
pal
_9||=
s
oz
i3

By 20 WE L BAAEE B9 3]
Sts) Basic). ol@A slof BE RS AFHD
A4 9B SRS AR § 7RI} VST,
a9 57 AYUEG} FARES hAZ AR
Aols Erzoltt

d8 5 AHolg & #xo ZHE o

FAFH, viRES) o, AHFE TPICE
OF Zde thE ¢ Jloh i B st 2R g
V9%, P93, 49-EY, Bg-98
8 22 OE 4372 St 6). 4 2dse
18 73 o] vAEY] golE 9 s
BN A 2dsh S W), 7 2 elele) tig
BT 1260744 sttt

2

DAE 0| U

o2 FAE & ok
B,=p (1)

ole

CIRCLE —circle CIRCLE - ellipse
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ELLIPSE —circle ELLIPSE — ellipse
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Outer ring: ellipse

Inner rings: ellipse

Regularity of masts: various
Number of joints per ring: 12
Total number of joints: 36

Total number of members (n): 72
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[Trial number 1]

Epsilon used: 1.000000E-05

Rank (r) = 72

Statical indeterminacy (n - r) = 0
Number of solution sets = 0
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prk : peak pivot

r : row number

k : column number / principle step number
ur/k : coefficient above peak pivots

xtk : coefficient below peak pivots
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[Trial number 2]

Epsilon used: 0.500000

Rank(r) =170

Statical indeterminacy (n—r)=2
Number of solution sets =2
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prk = 48 = 0.418802 < epsilon = 0.500000
prk = 72 = 0.418802 < epsilon = 0.500000
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[Trial number 3]

Epsilon used: 0.100000

Rank(r) =

Statical indeterminacy (n—r) =1
Number of solution sets=1
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prk = 72 = 2.707291E-05 < epsilon = 0.100000
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