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Basic Study on Stress Concentration in Horn-Shaped Tension Membrane Structures
- Effect of Ring Diameter of Protruding Part on Breaking Load of Membrane -
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Abstract: With the revision of the technical standards on June 28, 2024, the construction of large-scale membrane structures

has become possible. Among these, horn-shaped tension membrane structures have relatively complex double-curved

shapes.This structure has a unique property in that stress concentration occurs at the protruding parts not only when an applied

load is applied but also when the shape is formed. This study clarifies the mechanism of stress concentration in horn-shaped

structures through nonlinear analysis and uplift experiments using small-scale model.
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Figure 1 Typical Horn-Shaped Membrane Structure
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Figure 2 Test Specimen Details
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Figure 3 Destructive propertie (O :Fracture location)
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Figure 4 Load-displacement relationship
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F : Upward thrust [N] .
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Figure 5 Stress conversion formula
Table 1 Comparison of membrane stress

Maximum load [N] Circumference length [mm] | Membrane stress [N/mm’]
¢ 100 287 314 9.14
¢ 150 415 471 8.81
¢ 200 545 628 8.68
z Ring (Beam element) Y
X)\Y $ 100,150,200
8
2
FE
1000 [mm]
—— :Z-axis roller support B=100, 150, 200
(a)Perspective (b)Plan
Figure 6 Analytical model
Table 2 Analysis Overview
W Structural Specification
Dimensions : 1000mm X 1000mm
B Material Type
[OMembrane Material : Agricultural plastic film (2D-solid)
Film Thickness : 0.1 [mm]
Tensile Stiffness : 7540 [N/m]
Poisson's Ratio : 0.4
Shear Stiffness : 2693 [N/m]
[JRing : Steel (Beam Element)
Elastic Constants : 2.1X 10" [N/m’]
Poisson's Ratio : 0.3
Cross Section : b=10 [mm], t=15 [mm]
1000 Y 0 0.45 1.35 2.25 3.15 4.05 4.95 5.85 6.50
Analysis value ¢ 100mm LX i H

Experimental value ¢ 100mm
—4 Analysis value ¢ 150mm
—A Experimental value ¢ 150mm
—— Analysis value 6 200mm
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—X Experimental value ¢ 200mm
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Figure 7 Comparison of
load-displacement relationship

Figure 8 Stress diagram
(Displacement: 100 mm)



