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A Further Structural Calculation for E=0.15e6 psi

April 24, 2005

Ang Lee 
Introduction

The earlier study indicates that stability of structure will be effected if the creep modulus after 20 years is around 0.15e6 psi (1)(2) .  Safety factor SF of buckling goes down to SF=2.1 for 31 planes block assembly and SF= 1.6 for the horizontal web (2mm web) due to 19 psi (accident case). To maintain a SF around 5 after 20 years service (E creep  = 0.15e6 psi ), one of the structural options is to increase the wall thickness of the horizontal extrusion  to be the same as the vertical one, 4.5/3 mm.  This calculation is trying to understand it quantatively with a similar approach by using 4.5/3 mm wall thickness & the creep modulus of E=0.15e6 psi.
Result & Discussion
By increasing the horizontal thickness to be the same as the vertical one (4.5mm/3mm), the calculation shows that SF=4.4 for a 31 planes block assembly and SF=5.1  for the horizontal web after 20 years service as shown in Table 1& 2. It is considered to be acceptable.  However, adhesive stress is moving higher to the 230 psi as expected (3).  A further study of the cell backside shape suggests that the adhesive stress can be reduced as much as 40% by using a flat backside.  It goes down to 130 psi as shown in Table 3. The glue area (0.776"x0.776" )  is remained as same as the "scalloped" for the purpose of the comparison.   The main reason for this reduction comes from a smaller displacement along its width direction.  The expansion of the vertical cell under 19 psi results two components of the displacement, the beam direction and the width direction as illustrated in Fig 2 & Fig 3 for a scallop backside and Fig 8 & Fig 9 for a flat backside.  By filling up this "scallop area" of the cell backside,  it results a smaller displacement, specially along its width direction where the sliding of two extrusions occurs as shown in Fig 12 & Fig 13.   This ratio of reduction in terms of the displacement is estimated  about 0.414 mils/0.66 mils *100%=62% based on a 2d simple model. It seems very consistent  with the adhesive stress reduction observed based on 3d model as shown in Table 3.   Result is very encouraging. 
Conclusion
To minimize the creep effect as well as adhesive stress complication, a 4.5 mm/3 mm for both vertical and horizontal extrusion with a flat, or sought of flat backside, is highly recommended.

Table 1 Stress for Single Extrusion Subjected to 19 psi 
Modulus E=0.15e6 psi ; Scallop backside
	Wall thickness
	Stress (psi) 

 Vertical extrusion

subjected 19 psi
	Deflection (inch)

Vertical extrusion

subjected 19 psi


	SF (buckling)

For the horizontal Web 

 (accident case)

	4.5/3 mm for both
Vertical and Horizontal

	394
	0.0042
	5.22 
(3mm web)

	Current base line
4.5/3 mm for vertical
3/2 mm for the horizontal

	394
	0.0042
	1.6
(2mm web)

Too low!


Table 2 Stress and Stability for 31 planes Block Assembly
E=0.15e6 psi ; Scallop backside

	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

	< 700 
	0.051
	4.4
	230
Too high!

	Current base line
4.5/3 mm for vertical

3/2 mm for the horizontal

	< 700 
	0.054
	2.1
Low!
	175


Table 3 Stress and Stability for 31 planes Block
E=0.15e6 psi ; Scallop backside and flat back side
	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

Flat backside


	< 600
	0.047
	4.7

	130


	4.5/3 mm for both

Vertical and Horizontal

Scallop backside

	< 700
	0.051
	4.4
	230
(high)

	Current base line with E=0.15e6 psi, 4.5/3 mm for vertical

3/2 mm for the horizontal 
Scallop backside


	<700
	0.054
	2.1
(low)
	175


Reference:
(1) Jim Grundzinski, “Report on Creep Property of Pet-B”, Nova-doc-667-v1,March 8, 2006
(2) Ang Lee, " Stress and Stability Calculation For E=0.15e6 psi", Nova-doc-781-v1, April 11, 2006.
(3) Ang Lee, "31 planes with 4.5/3 mm wall thickness for a Vertical Extrusion Only", Nova-doc-278-v3, March 22, 2006

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)

A) Result for 4.5/3mm (V+H), E=0.15e6 psi, Scallop backside
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Fig 1 Stress for single vertical extrusion subjected to 19 psi 
with E=0.15e6 psi; scallop back side
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Fig 2 Deflection UY for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi; scallop backside
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Fig 3 Deflection UX for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi; scallop backside
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Fig 4 SF of the web buckling for the horizontal extrusion

with 4.5/3 mm thickness and E=0.15 mpsi; scallop 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, scallop backside
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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; scallop backside
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Fig 7 SF of buckling for 31 planes block with E=0.15e6 psi; scallop backside
B) Result for 4.5/3 mm (V+H); E=0.15e6 psi; Flat backside
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Fig 8 Stress for single vertical extrusion subjected to 19 psi 

with E=0.15e6 psi; flat backside
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Fig 9 Deflection UY for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi; flat backside

[image: image10.png]where glue layers is

deflection along width direction
ux=0.414 mils

Ux(max)=0.414 mils

flat gives 40% reduction

Ux (width) deflection under 19 psi

for the vertical extrusion
E=0.15e6 psi

Wall thickness=4.5/3 mm

by filling this " scallop area”,

ANSYS 10.0A1
APR 20 2006

11:05:59
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
UX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.003591
SMN =-.413E-03
SMX =.414E-03
-.413E-03
| -.322E-03
| -.230E-03
. -.138E-03
0 -.459E-04
| .460E-04
= .138E-03
—J .230E-03
= .322E-03
L .414E-03
inch




Fig 10 Deflection UX for single vertical extrusion 
subjected to 19 psi with E=0.15e6 psi; flat backside
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Fig 11 Deflection along the beam direction for a 31 planes block With E=0.15e6 psi, 4.5/3mm wall thickness for vert+hori, scallop backside
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Fig 12 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
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Fig 12 Comparison of displacement along its width direction 

based on a 2-D model
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Fig 13 Comparison of displacement along the beam direction 

based on a 2-D model
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Adhesive Stress Comparison 

for scallop or flat backside; same glue pad area (~0.776"x0.776");
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Fig 14 Adhesive Stress Comparison
* Note: 
The glue are for both scallop and flat back is assumed to be same (0.776"x0.776") and same mesh density for both models
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