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Experimental Evaluation of FREE NODE with Axial Load and Moment for
Single Layer Free-Form Structures
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Abstract

Single layer free-form structures are being highlighted in the field of architecture due to its attractive shape. In these
structures, node connecting system is very important because the node must resist bending and axial stress simultaneously.
So the local and global stabilities of entire structure can be determined by the stiffness of node system. In this study,
therefore, various types of bending test with axial force were performed. As a result, bending capacity with axial force of a
new spherical node for free-form structure could be performed and structural capacities were checked to use in real

structure.
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(a) Double layer system
(The Hong Kong Polytechnic University,
Hong Kong)

(b) Single layer system
(Osaka Maritime Museum, Osaka Japan)

(Fig. 1) Double and Single layer system
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(Fig. 3) Shape of FREE NODE and
connecting method
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(Table 1) Require capacity of FREE NODE
Buckling Tensile Shear
capacity of | capacity of | capacity .
member member of bolt capacity
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(Table 2) Test of specimens
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Yield Tensile H "

strength | strength Or(lgi on
(MPa) | (MPe)

Test 1 307.9 521.1 325

480 Test 2 3189 5227 31.2

Test 1 326.2 4442 34.6

Test 2 343.7 454.0 323

: Test 1 379.6 4523 35.6

) SPSR400
(Fig. 4) Roof of double curvature Test 2 | 3836 469.9 354
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(Table 3) Test specimens list

| e A3 o,
M-Mo-n_R(C50) | Compression (Yield ?3: d 50%) 1
M-Mo-n_R(C80) | Compression (Yield fjj d 80%) 1
M-Mo-n_R(T50) | Tension (Yield ;f: d 50%) 1
M-Mon_R(T80) | Tension (Yield ffg d 80%) 1
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(Table 4) Structural performance of M-Mo-n R(T)
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. Failure
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/tension crack

(425kN) ¢t 80%(680kN)E @A M-Mo-n_R(T50)
3 M-Mo-n_R(T80)°ll 22} f+4HA4}= o] 83t 714

@ F oAFololE 2 olgs) =l

g L= R
&3
N
=
!
=
m =
rlr
U
N,
£
o
B
&2
lo
o
mode O
rO

o
B>
ol
=
P
~
Sote
R
ol
oX
o
olN
ASH
ol
rr
o,
oo
o
%0,
fiul

56 _H 144 H13 SA 553, 2014. 3



=30t RUES Aol 2= FREE NODE<2| A& #I}

80 rL{—_f:-"
e
70 -

T
|
I

AN

Moment [kNm]
5 3
pes

30

]/ ——M-Mo-n-R
20 ——M-Mo-n-R(T50) =
10 = =:M-Mo-n-R(T80)

; SRR
0 0.02 0.04 0.06 0.08 01 012
Rotation [rad]
(Fig. 12) Moment-rotation relationship
curves of M-Mo-n_R(T)

4.2.2 gage &4

<Fig. 13(a)>= 2 AAA 9 gage042] #<= Az
St I Zolth. M-Mo-n_R(T50)% M-Mo-n_R(T80)
9] gage ZAHFS M-Mon_R9 A3} FASH
gage047} 714 w48 Wate ks 7Hith ol
S A 7t AYA B2 BAER Qs A

o $1A3t gage022] 1 3Z(<Fig. 13(b)>)l

Tk H= M-Mo-n_Re| 3 REQ BHEZ Q3|
e e FEY I FHE 9l I we F

Fof s Bote v ¢4F FU T HZo| U
oI Fol AF ZH HojHe] Uojge & &
1.

4.3 M-Mo-n_R(C50) & M-Mo-n_R(C80)

M-Mo-n_R(C50)%} M-Mo-n_R(C80) &4 = E,

Ao =HE, 7] 3H A4, 33 RZE <Table
5>0 YR AT

80000

70000

60000

|
e i

|- em===M-Mo-n_R(C50)
= = M-Mo-n_R(C80)
——M-Mo-n_R(T50
= =+M-Mo-n_R(T80)

Strain(10e-6)
£ 8 &

CPHEEEPRE Ny R Yy Rup

)
)

i

20000

10000

P

0

0 001 002 003 004 005 006 007 008 009
Rotation [rad]

(a) gage04

80000

70000

60000

wm—-Mo-n_R

——M-Mo-n_R(C50)
= = M-Mo-n_R(C80)
——M-Mo-n_R(T50)
= =-M-Mo-n_R(T80)

Strain(10e-6)
& & g
g 8 8

20000
___-_7——«.’.:-____
-

10000 e

0 001 002 003 004 005 006 007 008 009
Rotation [rad]

(b) gage0?2
(Fig. 13) M-Mo-n_R

(Table 5) Structural Capacity of M-Mo-n_R

Yield | Ultimate | Tnitial .
. Failure
Speamen moment | moment strength sha
(KN'm) | (kNm) | @y | 5P
M-Mo-n_R 74.3 841 3257.8 al
buckling
M-Mo-n_R(C50) 68.2 94.4 4940.3 al
buckling
M-Mo-n_R(C80) 57.0 824 5181.3 al
buckling
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