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A Structural Calculation for 40'x40' High Detector 

With E=0.15e6 psi
May 25, 2006
Ang Lee 
A structural calculation for a 40'x40' liquid scintillator detector is carried  out with a E=0.15e6 psi, which is considered to be a "best estimated creep modulus" for Pet-B after 20 year(1) . A 40 ft x 40 ft  plane consists of  9 extrusions with 32 cells per extrusion. Both cell geometry and its wall thickness will be remained as same as 53'x53'  __ baseline model, namely 38.7 x 60.0 mm for the cell size and 4.5/3 mm (V) &3/2 mm (H) for its wall thickness.  The hydrostatic pressure is 14.5 psi. The calculation follows a similar approach as before (2,3), except the height of detector being reduced to 40 ft.

The  result is summarized in Table 1 & 2 for both  single extrusion and 31 planes assembly. Compared with 53'x53' version with a same E=0.15e6 psi, PVC stress and deflection has been reduced by ~25% , so does the adhesive stress. The maximum stress is around 500 psi for a 31 planes assembly. The buckling SF for 31 planes assembly after 20 years is SF=3.1.  It has gained about 50% from SF=2.1 due to the shorter length and less weight.
The stress for the exterior cell, subjected to 14.5 psi, is about 900 psi with a 4.5 mm end wall  as shown in Fig 4 (both 2-D and 3-D models). It seems very marginal since it falls between 1,000 psi (initial criteria ) and 792 psi (Nova 667 v-1. pp13,by J Grudzinski
Table 1 Stress and Stability for Single Extrusion 
4.5/3 mm for the vertical and 3/2 mm for horizontal 

E=0.15e6psi after 20 years; scallop backside
	Dimension of

plane
	Hydrostatic

Pressure

(psi)
	Stress (psi) 

 Vertical extrusion

subjected hydrostatic pressure
	Deflection (inch)

Vertical extrusion

subjected hydrostatic pressure
	Stress

(psi)

Exterior

cell
	SF (buckling)

For the horizontal Web 

 (accident case)

	40 ft x 40 ft


	14.5


	300
	0.0032
	900
	2.1


	53 ft x 53 ft
(current base line)
	19
	394
	0.0042
	1,170
	1.6


Table 2 Stress and Stability for a 31 planes Assembly
4.5/3 mm for the vertical and 3/2 mm for horizontal 

E=0.15e6psi after 20 years; scallop backside
	Dimension of

plane
	Maximum Stress (psi)
Near the bottom


	Deflection
along the beam direction (inch)
	SF  

(global buckling )
	Adhesive
 stress

(psi)

	40 ft x 40 ft


	~500 
	0.040
	3.1
	131



	53 ft x 53 ft
(current base line)


	< 700 
	0.052
	2.1
	175


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

(2) Ang Lee, "31 planes with 4.5/3 mm wall thickness for a Vertical Extrusion Only", Nova-doc-278-v3, March 22, 2006

(3) Ang Lee," Stress and Stability Calculation for E=0.15e6 psi", Nova-doc-781-v1,April 11, 2006

Appendix: The calculation details and plots: 
The FEA model with a shell element has a following condition:
1) 40 ft x 40 ft plane with 9 extrusions/plane and 32 cells/extrusion.

2) A 14.5 psi linearly distributed pressure applied along the vertical cell and zero pressure for the horizontal

3) The density is modified to reflect a proper weight of the PVC& liquid

4) The bottom is assumed to be fixed as a worst case.
5) 31 planes as block with a vertical ending for both sides.

6) The modulus of PVC is assumed to be  0.15e6 psi __"creep modulus" after 20 years (1) .

7) The thickness of the adhesive is 10 mils with 0.5e6 psi as its modulus.

8) Wall thickness is 4.5/3 mm for the vertical extrusion and 3/2 mm for the horizontal.

9) The cell size is 3.87 cm x 6.0 cm ( centroid distance).
10)The backside of the cell is scallop shape.
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Fig 1 Stress for single vertical extrusion subjected to 14.5 psi (40 ft)
with E=0.15e6 psi; scallop back side
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Fig 2 Deflection UY for single vertical extrusion ;E=0.15e6 psi
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Fig 3 Deflection UX for single vertical extrusion 
with E=0.15e6 psi
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Fig 4a Stress for the exterior cell with E=0.15e6 psi  (2D-model)
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Fig 4b Stress for the exterior cell with E=0.15e6 psi (3D-model)
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Fig 5 SF of the web buckling for the horizontal extrusion

with E=0.15e6 psi
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Fig 6 Deflection along the beam direction 
for a 31 planes assembly; E=0.15e6 psi
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Fig 7 Stress near the bottom for a 31 planes assembly with E=0.15e6 psi
[image: image9.png]AN mev 19 2006

13:24:13
DISELACEMENT
sTEP=:

suB
FREG=3.065
PowerGraphics

SF=3.1 (after 20 years)
for 31 planes assembly
40'x40°

E=0.15¢6psi





Fig 8 SF of buckling for 31 planes assembly With E=0.15e6 psi
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Fig 9 Adhesive Stress Comparison; E=0.15e6 psi
* Note: 
The glue area is assumed to be same (0.776"x0.776") and same mesh density for both models.
PPD/MD/Engineering Analysis Group
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