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This document is a summary of the structural analysis that has been performed on the Nova Far Detector.  It is meant as a guide to the analysis documents, which will be referenced below.  All document numbers are Nova Document Database numbers, unless otherwise indicated

The Baseline Design

The original baseline design of the Nova Detector is described in the Technical Design Report (Nova 2678).  This design used two versions of the extruded PVC modules.  Horizontal modules were designed with thinner walls than vertical modules, in order to reduce material costs.  The modules were to be assembled into blocks of 31 planes each. This necessitated the assembly of two difference versions of the blocks, which had 15 or 16 vertical layers.  The assembly plan was to arrange 5 adjacent blocks with a 0.1 inch gap between them, followed by a 0.75 inch expansion gap.  This original structure was reviewed by an internal committee (Nova 1956 and references) and found to meet the design requirements.

The Full Height Engineering Prototype was built in the style of the baseline design.
The Current Design

In early 2011, several design changes were made to the Nova Far Detector compared to the description in the Technical Design Report.  The changes consist of the following new features:

· All detector modules will be made of extrusions as shown in drawing #489027 (Nova #5813).  There will be no distinction between modules for use in horizontal planes and modules for use in vertical planes.  Previously, the horizontal modules were made form thinner material.

· All detector blocks will be identical and contain 32 planes of modules as shown in drawing #489028.  The northern plane (numbered #31) will have a vertical orientation.  Previously, blocks had 31 layers, which forced two variations of the block layout.

· Detector blocks will be installed with a slight tilt, where the upper end is arranged to be south of the base as shown in drawings #489073 (Nova #5935).  The nominal tilt will be 1.0±0.5”.  Previously, blocks were stated as being vertical, although no tolerance was given.

· Blocks will be installed with equal gaps between them of 0.25±0.25”.  These gaps will be filled by spacers at the top of the blocks, so that all blocks are in contact with adjacent blocks.  Previously, four consecutive block gaps were to be 0.1”, followed by a gap of 0.75”.  These were given without tolerances.
Several analyses of the structure have been made with this new geometry.  A summary is given below:

The buckling of blocks with uniform extrusions built as in drawing #489027 was calculated in Nova #5477(A. Lee).  The safety factor against buckling for a filled, top guided block was found to increase from 1.3 to 3.1, compared with the baseline design.

The affect of the asymmetric loading due to the new geometry on the overall detector structure was analyzed in Nova #5507(A. Lee).  The extra load due to the 32nd layer was found to be insignificant.  The asymmetry causes a free standing block to deflect about 0.5” after 20 years.  This creates a force on the south wall at the top of the detector of no more than ~26,000 pounds.  A spacer that runs the full width of the detector and 20 inches in height will spread this down to an insignificant pressure of ~2 psi.  The conclusions reached for buckling safety factors were unchanged.

Nova #5726 (A. Lee) calculates the safety factor against buckling for several different block tilts for both filled and empty blocks.  A safety factor of 2.5 against buckling was found for filled blocks at 20 years age.  Safety factors for unfilled and younger blocks were found to be higher.

Nova #6065 (A. Lee) calculates the total cumulative force on the blocks due to the initial lean given during installation.  A conservative approach gives a total force of 62 tons on the southernmost block.  This force can be tolerated by the structure by spreading it over a large area.  A spacer at the top of the block 48 inches in height will spread this force to a pressure below 6 psi, which the structure can easily withstand.

All indications are that the Far Detector will be stronger and more robust to manufacturing inconsistencies if a single variety of extrusion is used as specified in drawing #489027.  The added cost of plastic used to manufacture these extrusions compared to the baseline plan will be compensated in part by the simplification of the assembly process made possible by the reduction in the variety of parts.  We see no engineering problems caused by this change to the Far Detector Design.
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