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A Structure Calculation for Two Bookend Scenario with no Gap
Nov 29, 2005
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Introduction

The Nova liquid scinttillator detector consists of many layers of PVC extrusions. To assemble them together, there are two options available so far. One is to have one side of bookend up first. Then, first 32 planes PVC block will be attached to the bookend. Second & third one and so on will be sequentially up with a small gap between blocks for the stress relief. Second option is to have all extrusions up and fit into two bookends before the filling starts. This construction scheme will require no gap between blocks since the swelling near the bottom has been eliminated. This study is trying to understand this second option structurally.
Modeling & Calculation Details
The detector is about ~120 m long with a ~2000 PVC layers between two bookends. To understand its structure implication under the second option, only few layers are needed in the model for the purpose of the calculation since mid section of structure is in its equilibrium state. To validate it, a calculation is done with 16, 32 and 60 planes having its left & right sides constrained in the horizontal direction as shown in Fig 1. The result indicates there is almost no difference between the planes numbers used in the modes as we expected.
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Fig 1  FEA model for “Two bookends with no gap”
Table 1 Stress in PVC with “Two Bookend with no gap”

	Number of Plane used in FEA model
	16

	32
	60

	Max Stress (psi)
In PVC


	626
	630
	631


Case 1 _ Operating case:

A 16 planes model will be used for the case of “two bookends without the gap” as following:
1) 16 planes of PVC with both sides, left & right, constrained horizontally.
2) A 19 psi linearly distributed pressure applied along the vertical cell.

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

4) The modulus of PVC is 0.36e6 psi.
5) The thickness of the adhesive is 10 mils with 0.5e6 psi as its modulus.

The calculation result shows that the maximum stress is around 625 psi as shown in Fig 2. Compared with “32 planes as block with a gap between the block”, PVC stress is reduced by almost a factor of 2 since there is no accumulated deflection & stress near the bottom. The adhesive stress is also calculated as similar fashion as reference 1. It is plotted against the block high as shown in Fig 3.  The maximum principle shear stress is around 92 psi.  Compared with a first option, it is reduced by almost factor of 3.5.  
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Fig 2 PVC stress for “two bookends with no gap
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Fig 3 Shear stress for “two bookends with no gap”
Case 2__One of failure mode (suggested by Vic Guarino _ANL)
Assuming one of vertical extrusion in the middle looses its liquid due to some reasons, the hydrostatic pressure will go away as shown in Fig 4. The question is whether
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Fig 4 One of the failure mode __ one of the vertical extrusion looses its liquid

structure equilibrium condition or its stiffness will be compromised in some way under such condition.  The calculation indicates there is almost no effect in terms of stress in PVC and very little change in the shear stress of adhesive bond as shown in Fig 5 and Fig 6.
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Fig 5 PVC stress for one of the failure mode__

one of the vertical extrusions loosed its liquid
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Fig 6 Shear stress in adhesive bond for one of the failure mode
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