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Critical Load and Effective Buckling Length Factor of Dome-typed
Space Frame Accordance with Variation of Member Rigidity

&g o & A

Shon, Su—Deok Lee, Seung—Jae

Abstract

This study investigated characteristics of buckling load and effective buckling length by member rigidity of dome-typed
space frame which was sensitive to initial conditions. A critical point and a buckling load were computed by analyzing the
eigenvalues and determinants of the tangential stiffness matrix. The hexagonal pyramid model and star dome were selected
for the case study in order to examine the nodal buckling and member buckling in accordance with member rigidity. From
the numerical results, an effective buckling length factor of adopted models was bigger than that of Euler buckling for the
case of fixed boundary. These numerical models indicated that the influence of nodal buckling was greater than that of
member buckling as member rigidity was higher. Besides, there was a tendency that the bifurcation appeared on the
equilibrium path before limit point in the member buckling model.

Keywords : Space frame, Instability, Effective buckling length, Member buckling, Nodal buckling, Critical point
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(Fig. 1) Hexagonal pyramid model
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(Fig 2> Displ.-Force curves of Hexagonal
pyramid model (pin-joint)

(Table 2) I, of Hexagonal pyramid model
in accordance with u

I 0.05 01 015 02 025
I(em)| 94431 | 381299 | 8915.75 |16216.36|26166.19

(Table 3) Effective buckling length factor
and unstable phenomenon of Hexagonal
pyramid model in accordance with © & 8

(Table 1) Buckling load of Hexagonal
pyramid model (pin-joint)
Bucklin: D,/ H

i e | D e | A8 |
0.05 50 220 28281.59 440 %
0.1 100 43.0 213895.2 430 %
0.15 150 65.0 681055.0 433 %
02 200 87.0 1504485.0 435 %
0.25 250 110.0 2705262.0 440 %

QA WHE vmar] dsA ARz 1
wilo] Qe T8 <Table
>3 23, MY AEE <Fig 259 2] Lehg
u} DA YA FIET A s AR
z AyH2o) A dHARe T2Ee 4 3
%Ol B, 47} 2 };}#% A& Z7)e
Ak QA Mol T2E FolH)S o 435%

Buckling buckling .

" B Load length factor EmdNiing
04 61778.0 0.708 member

0.5 78830.0 0.701 member
005 | 06 88347.0 . nodal
0.7 92558.0 . nodal

0.8 94533.0 . nodal

04 256000.0 0.689 member

0.5 322020.0 0.687 member
010 | 0.6 354520.0 . nodal
0.7 | 363020.0 . nodal

0.8 378870.0 . nodal

04 | 593060.0 0.676 member

0.5 753450.0 0.671 member
015 | 0.6 786700.0 . nodal
0.7 | 811280.0 . nodal

0.8 839960.0 : nodal

0.3 780000.0 0.668 member

04 | 1060700.0 0. 661 member

020 | 05 | 1313400.0 nodal
0.6 | 1363900.0 . nodal

0.7 | 1418900.0 . nodal

03 | 1216800.0 0.6>4 member

04 | 1693300.0 0.640 member
025 | 05 | 1989500.0 . nodal
0.6 | 2070000.0 . nodal

0.7 | 2154300.0 . nodal
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(Fig 3) Effective buckling length factor of
Hexagonal pyramid model

(@) B=07

(Fig 4> Unstable phenomenon of Hexagonal
pyramid model (x=0.05)

(c) B=0.6

Max. Node 7
/

(c) $=0.6 @ f=07"

(Fig 5) Unstable phenomenon of Hexagonal
pyramid model (©=0.1)

(c) B=0.6 (d) 5207

(Fig 6) Unstable phenomenon of Hexagonal
pyramid model (©=0.15)

Max. y

(¢c) f=0.6 (d) B=0.7
(Fig 7) Unstable phenomenon of Hexagonal
pyramid model (©=0.2)

(¢) B=0.5

(Fig 8) Unstable phenomenon of Hexagonal
pyramid model (x=0.25)
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(Fig 9) Critical point of Hexagonal pyramid
model in accordance with 3 (x=0.05)
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(Fig 10) Critical point of Hexagonal
pyramid model in accordance with
(n=0.1)
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(Fig 11> Critical point of Hexagonal
pyramid model in accordance with

(1=0.15)
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(Fig 12> Critical point of Hexagonal
pyramid model in accordance with
(1=0.2)
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(Fig 13) Critical point of Hexagonal
pyramid model in accordance with 3
(1=0.25)
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712 A5+ <Table 4>
(Table 4) Initial data of star dome

T | Il H | Hl 0 A
(cm) | (cm) (cm) (cm) =H/2L | (ci)
500 | 250 | 10216 | 8216 | 010216 | 11.2

(Fig 14> Star dome model

2 2o 3y
29} BHA A2 <Fig 15> 2ol 3 A
Eo|do] wAslH, dAstFo] Hrt olwje] HFH
& o AFNA 002 e}
e 7|20 73 7|7

i=]

B

@ Aae wae AAdYel ARG 74
=] i

B A5 AHEES

(Fig. 16) Unstable phenomenon of star
dome (BCP model)

(Fig. 17) Unstable phenomenon of star
dome (BCF model)

(Table 6) Effective buckling length factor
and unstable phenomenon of star dome in

T e ¢ accordance with 3 (BCP model)
12000 v KR T —
- © .© cklin
&, 8000 : 2 QW 16} Heme Heing Buckling
& H 5.3 Load length factor
- 4000 : 1 TE
g = 06 18987.0 11% member
T 85 07 21710 1192 member
Ji u 08 25232.0 1194 member
-8000 L L A . -2
0 1_0 20 30 40 %0 09 28865.0 1.185 member
| - Displacement{em) 10 323180 1180 | member
(Fig 15) Disp.-force, -Det. & -Eigenvalue 11 350130 1185 member
curves of star dome model
1.2 38023.0 1.192 member
(Table 5) J, of star dome model (cm?) 13 - - nodal
14 - - nodal
Inner Ring Outer 15 - - nodal
1, 108.49 13.38 136.57
LEEFImE DK
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(Table 7) Effective buckling length factor
and unstable phenomenon of star dome in
accordance with 3 (BCF model)

Buckling buckling .
B Buckling
Load length factor
0.1 5199.9 0.829 member
02 10182.0 0.838 member
0.3 14925.0 0.848 member
04 19991.0 0.846 member
05 25694.0 0.834 member
0.6 312380 0.829 member
0.7 373720 0.818 member
0.8 - - nodal
09 - - nodal
1.0 - - nodal
2.0e+4 —_— —
oo | £ 1|55 Taae
s E
3| i
A S [ T P | B
0.0

Displacement (cm)

(Fig. 18) Equilibrium path and Critical point
of star dome (BCP model)

C3 Model
T

2.0e+4

0.6xlo
.......... 0.7xlo
—=== 0.8xlo
1 —— 0.9xlo
— — - 1.0xlo
0.6xlo
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1.0xlo

1.Beid frs N

1.0e+4 |

PO ma e

Load (kgf)

({0 c 1| I RO S \ , —9)

0.0

Displacement (cm)

(Fig. 19) Equilibrium path and Critical point
of star dome (BCF model)
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