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Study of the Adhesive Failure at Lower Portion of the Detector
Dec 15, 2005

Ang Lee 

As earlier study(1) indicated,  adhesive stress can be as high as 180 psi at the lower portion of the detector for the 31 block with 4/3.5 mm wall thickness for the vertical only. This calculation is trying to understand what will happen if one or two extrusions on the bottom of the detector loses its adhesive bond for some reasons. The buckling failure will be the first concern as we understand. Then, PVC as well as the adhesive stress will be also calculated with 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 0.36e6 psi.
6) The thickness of the adhesive is 10 mils with 0.5e6 psi as its modulus.

7) First/first two extrusions from the ground cross 31 planes has no adhesive.

There are two ways to simulate the adhesive failure. One is to simply taking the adhesive element out from the model such that the interface could be overlapping and sliding each other. It is considered to be worst case for buckling. Second one is to add the “couple degree of freedom” along the UX such that the interface where the failure occurs could slide each other along the vertical but move together along the horizontal direction. It probably provides an upper limit for the calculation. In the reality, it will be somewhere between these two conditions since the structure is bowing outward. The interface could still be touching each other with a sliding to result a weaker structure than a fully bonded case.
Table 1 is a summary of the calculation result for the buckling calculation. It indicates that the structure has very low SF against the buckling if the adhesive fails on the bottom of first two extrusions. Adhesive failure for one extrusion case seems to be marginal. Therefore, it seems that a proper bonding between extrusions is very critical to the structure in question.

A further calculation is carried out to exam the adhesive stress as well as the PVC as shown in Fig 1 through Fig 5 for the case with first extrusion on the bottom having no adhesive. 
Table 1 Summary of the calculation result for SF for the Buckling
(with 31 block 4.5mm/3mm wall thickness for vertical only)
	SF 

(safety factor for buckling)
	Two extrusions at the bottom has no adhesive
	One Extrusion at the bottom has no adhesive
	Fully bonded

	First method
	1.47


	3.87
	5.14

	Second method
	1.55


	4.14
	5.14
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Fig 1 Adhesive stress for the case of one extrusion
on the bottom without any glue
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Fig 2 Buckling SF for the case of two extrusions

on the bottom having no glue 
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Fig 3 Buckling SF for the case of one extrusion

on the bottom having no glue 
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Fig 4 Stress for the case of one extrusion on the bottom having no glue 
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Fig 5 Deflection along the beam direction for the
case of one extrusion on the bottom having no glue
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