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Basic Study on Plane Arch Constructed with PBS Structure
-Effect of Out-of-Plane Restraint on Buckling Behavior of Arch Composed of Multiple Spheres-
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Abstract: The Prestressed Beads-on-String Structure is a necklace-like structure with strings through the beads. By

introducing into the string, the beads are forced into close contact with each other, creating resistance to compression

and bending moments. When a spherical cross section is applied, out-of-plane buckling and torsion occur in addition

to in-plane buckling of the arch. But, no study has been conducted regarding out-of-plane buckling when applying a

spherical cross-section. In this report, the authors study experimental studies into in-plane and out-of-plane buckling

using a plane arch shaped PBS structure composed of multiple (13) spheres.
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Figure 1 Conceptual outline of PBS structure
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Mateial : Wood bead : Wire rope h/L 0.1 03 0.5
Cross section 1 950 12 ~h 65 145 185
Boundary condition : Pin - Pin L 665 485 375

Loading : 5-point concentrated load PS 100N, 200N

Figure 2 Outline of experiment
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\(a) With restraint (h/L=0.5) 7 (b) With restraint (h/L=0.3)

1000 -
4.4 - V802N £
-3 , | Z 800 i
“'Oé"s < 600]550N /\ 4 / :\'_
= 400 // ‘
s ¢ v
o S A s ch %
3 * means horizontal displacement | & 200 / I 375
0
No.l  —— No.2 5500 0 50 100 150 200
No3  ------ No.4 Vertical displacement [mm]
----- No.5 (a) h/L=0.5
250 : 100 _
&5 i g
Z 200 BN “ Z 80 =
2 150\ ,,j_;’?:"‘rf" T 60fL6
;(: 100 \\\’ 7l | “_"_‘o“ 40 SON e Al
€ 50/ I & 20 Bl
0 485 0 665
50 100 150 200 -20 0 20 40 60 80

-50 0
i Vertical displacement [mm]

(¢) WL=0.1

7280, AR TIAPS=10QNFRFOAE R & N THOH 2179 .

%bemé.

R ®H Y I ig. 350, h/L=0.5/3# T
IERFRCETL T D 0D, HRANLTe & 9 et Bk,
h/L=0.1 & 0.3 13248 O /A O ZEAr R ETT T 5 IExT PRI
ROPEET— K&/ U72. 72, Fig\d X v, (a) h/L=0.5
TIEH RO E—ZXDENNT A AON2LL L 72T

SSONAFITE 2 5 FRIEME T L, fie K E802.4NIZ E]
L%, MEMET U7, (b)h/L=0.3 ]IZ 75N I T
SR D EE SRR 20w U, 0% b EITEM L, ik

MEIZ187.6NTH - 7-.

HITKRELS 2D T & &R
R D B EIIRE N
AEENPRKE L, B — X &Lﬁ?& ébéfﬁ'ﬁ
EBIBRESIOEMENKRE L 0D Z kf BWAIC L DK
FABEEY, JIROFRER LR EXDH.MAT,
h/LIZ & o TR 2 D\ W/LA/NSWIEET —

(c) With restraint (h/L=0.1)
Figure 3 Deformation behavior of the arch specimens with and without out-of-plane restraints

(d) Without restraint (l;/i=0.3) o
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Figure 5 Total load - displacement relationship (without restraint)
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