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A Structural Calculation for a 6 mm Inner Radius 
With E=0.15 mpsi and 4.5/3 mm Wall Thickness

May 9, 2006
Ang Lee 
Introduction


 Earlier study indicates a 4.5/3 wall thickness with a flat backside may be sufficient in terms of the stress and stability for the case of  E creep=0.15e6 psi (1,2,3,4). This calculation is to look into a possibility of  reducing PVC material further by changing its inner radius from 10mm to 6 mm, as suggested by Vic Guarino,  with a minimum structural effect.
Result & Discussion
A similar approach is used to calculate the stress and deflection for a vertical extrusion as well as 31 planes assembly. The result is summarized in Table 1.  As expected, the maximum stress for a single vertical extrusion subjected to 19 psi is around 495 psi. The maximum stress for 31 planes assembly is about 600 psi. However, SF of the buckling seems to be reduced by 22% with SF=3.7 for r=6 mm and SF=4.7 for r=10 mm after 20 years service time. The assembly bending stiffness is considered to be highly depending upon of web thickness as well as its length. During the bending mode, the web is forced to bend into a S shape. The small inner radius results the longer web "effective length"  (straight part), which leads a weaker structure with a smaller SF against the buckling. The maximum adhesive stress stays around 130 psi for r=6 mm case.
Conclusion
Compared with r=10 mm, smaller inner radius( r=6 mm) will  result a 22 % reduction in terms of the SF of buckling with a 9% material saving.
Table 1 Stress and Stability for 31 planes Block
E=0.15e6 psi ;flat back side; r=6 mm
	Wall thickness
	Maximum Stress (psi)
Near the bottom


	Deflection

along the beam direction (inch)
	SF  

(global buckling _ after 20 years)
	Adhesive
 stress

(psi)

	4.5/3 mm for both

Vertical and Horizontal

r=6  mm
	~600
	0.043
	3.7

	130


	4.5/3 mm for both

Vertical and Horizontal

r=10 mm

	< 600
	0.043
	4.7
	130
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Appendix: The calculation details and plots: 
The FEA model with a shell element has a following condition:
1) A 19 psi linearly distributed pressure applied along the vertical cell and zero pressure for the horizontal.

2) The density is modified to reflect a proper weight of the PVC& liquid.

3) The bottom is assumed to be fixed as a worst case.

4) 31 planes as block with a vertical ending for both sides.

5) The modulus of PVC is 0.15e6 psi (The creep modulus after 20 years ).

6) The thickness of the adhesive is 10 mils with 0.5e6 psi as its modulus.

7) Wall thickness is 4.5mm for the side wall and 3 mm for the web
8) The cell size is 3.87 cm x 6.0 cm ( centroid distance)

9) The inner radius r=6 mm

Result for 4.5/3mm (V+H), E=0.15e6 psi, 6 mm corner radius
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Fig 1 Stress for single vertical extrusion subjected to 19 psi 
with E=0.15e6 psi; flat back side, r=6 mm
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Fig 2 Deflection UY for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi;
 flat backside; r=6 mm
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Fig 3 Deflection UX for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi; 
r=6 mm; flat backside
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Fig 5 Deflection along the beam direction for a 31 planes block With E=0.15e6 psi, 4.5/3mm wall thickness for vert+hori, flat backside, r=6 mm
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Fig 6 Stress near the bottom for a 31 planes block With E=0.15e6 psi;
4.5/3 mm wall thickness for both V+H; flat backside; r=6 mm
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Fig 7 SF of buckling for 31 planes block with E=0.15e6 psi; 
flat backside; r=6 mm
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Fig 8 Adhesive Stress 
* Note: 
The glue are is assumed to be 0.776"x0.776".
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