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Stress and Stability Calculation for E=0.15e6 psi

April 11, 2005

Ang Lee 
A recent PVC (PVC 1111-BB_PET B) study, by a consultant, indicates that the creep modulus could go as low as 0.072e6 and as high as 0.47e6 psi after 20 years.  The “best estimated” is 0.15e6 psi as shown in reference 1.  This calculation is to use E=0.15e6 psi as a guideline to understand what structural implication is. It is considered to be a genetic exercise only since there is no final number given yet.
The stress and stability calculation follows the similar approach as before. The result is summarized in Table 1 & 2.

Table 1 Stress for Single Extrusion Subjected to 19 psi
	Modulus
psi
	Stress (psi) 

 Vertical extrusion

subjected 19 psi
	Deflection (inch)

Vertical extrusion

subjected 19 psi


	SF (buckling)

For the horizontal Web _ 2mm

 (accident case)

	E=0.15e6 


	394
	0.0042
	1.60

	E=0.36e6 

	394
	0.0018
	3.84


Table 2 Stress and Stability for 31 planes Block
	Modulus

(psi)
	Maximum Stress (psi)
Near the bottom


	Deflection
along the beam direction (inch)
	SF 

(buckling)
	Adhesive stress

(psi)

	E=0.15e6

	< 700 
	0.052
	2.1
	175

	E=0.36e6 

	< 700 
	0.022
	5.0
	175


Reference:
(1) Jim Grundzinski, “Report on Creep Property of Pet-B”, Nova-doc-667-v1,March 8, 2006

Appendix:
The calculation details and plots
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Fig 1 Stress for single vertical extrusion subjected to 19 psi with E=0.15e6 psi
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Fig 2 Deflection for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi
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Deflection along the heam direction; E<0.156 psi; Vertical wall thickness=4.





Fig 3 Deflection along the beam direction
 for a 31 planes block With E=0.15e6 psi
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Fig 4 Stress near the bottom for a 31 planes block With E=0.15e6 psi
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Fig 5 SF of buckling for 31 planes block with E=0.15e6 psi
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Fig 6 Adhesive stress
Note: 
 Above 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.
6) The thickness of the adhesive is 10 mils with 0.5e6 psi as its modulus.

7) Thickness of the vertical extrusion is 4.5 mm/3 mm, and 3mm/2mm for the horizontal extrusion respectively.

8) The cell size is 3.87 cm x 6.0 cm ( centroid distance)
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