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1. Introduction

Extensive analysis has been done on the NOvA structure.  These calculations have been difficult to verify experimentally because actual PVC extrusions of the correct geometry have not existed.  Currently a die for 16 cell extrusions has been made and is being used to produce prototype extrusions.  These prototype extrusions are now being used to perform mechanical tests to confirm the structural analysis.  The first test has been simply to seal the ends of a 4ft long extrusion and pressurize it to 19psi (the operating hydraulic pressure at the bottom of the detector). Rosette strain gages have been placed on the surface of the extrusion to measure the stresses which are then compared to a FEA simulation.  

2. Test Description

A 4ft long extrusion has had four rosette strain gages placed at the center of the length at the locations shown in Figure 1-2 below.  The rosettes are oriented as shown in Figure 3.  The X direction is aligned with the direction of extrusion and the Y direction is aligned with the width of the extrusion.  Figure 4 shows a picture of the test setup.  The pressure was applied using nitrogen from a tank.  A pressure gage on the tank and on the extrusion confirmed the pressure within the extrusion.  A barrier used by welders was placed around the extrusion as a precaution against failure of the extrusion or end seal.  The extrusion was kept under pressure for 5 days and then released and allowed to relax for 1 day.  
Future tests will use a temperature compensating gage to eliminate the effect of temperature on the measurements.  A lack of data channels prevented the use of a temperature compensating gage on this test.  
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Figure 1 - Location of Rosettes on Extrusion
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Figure 2 - Location of Rosettes in Comparison to FEA model
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Figure 3 - Strain Gage Orientation and Numbering within Rosette

3. Test Results

The strain gages output strains in the direction of their axis.  Through geometry the strains in any direction can then be found.  The strains from the rosettes were converted to strains in the X and Y direction for comparison to the FEA model.  

In order to make a valid comparison between the FEA model and the test measurements the thickness of the webs and sidewalls of the extrusion and the modulus of the material must be taken into account.  Initial tests on the PVC show that in the short term modulus of the PVC is on the order of 500ksi.  Measurements on the PVC extrusion showed that the wall thickness averaged 1.5mm for the web and 2.5mm for the outside wall thickness.  These values were used in the FEA model to compare to the experimental measurements.  

Table 1 shows the results of the test and Figure 4 shows the von Mises stresses plotted versus time.

Table 1 - Rosette Strains and Calculated Stresses Using E=360ksi


[image: image4.emf]von Mises Stress Pressure Time

Rosette # 1 2 3 X Y ShearXY X Y ShearXY psi psi minutes

495 116 505 116 884 -10 223.60 551.04 -2.13 480.05 19 0

690 224 697 224 1163 -7 337.04 737.39 -1.49 639.39 19 274

579 47 579 47 1111 0 221.70 675.34 0.00 596.25 19 4534

253 -231 237 -231 721 16 -13.16 392.73 3.41 399.52 19 7054

-203 -329 -210 -329 -84 7 -212.19 -107.74 1.49 183.79 0 7054

-255 -312 -362 -312 -305 107 -240.47 -237.49 22.81 242.24 0 8494

345 -6 387 -6 738 -42 124.92 442.13 -8.95 395.08 19 0

475 81 522 81 916 -47 208.16 564.17 -10.02 494.45 19 274

421 25 479 25 875 -58 167.39 529.79 -12.36 469.55 19 4534

107 -322 161 -322 590 -54 -90.62 298.22 -11.51 352.94 19 7054

-250 -439 -213 -439 -24 -37 -267.80 -90.86 -7.89 236.28 0 7054

-277 -388 -254 -388 -143 -23 -257.90 -153.44 -4.90 224.85 0 8494

3017 119 2502 119 5400 515 1,011.85 3,263.44 109.79 2,899.64 19 0

3603 18 2946 18 6531 657 1,148.15 3,925.01 140.06 3,503.76 19 274

4002 -119 3056 -119 7177 946 1,178.38 4,289.08 201.67 3,853.91 19 4534

3591 -348 2663 -348 6602 928 940.73 3,903.91 197.83 3,545.47 19 7054

1003 -347 539 -347 1889 464 120.59 1,073.92 98.91 1,033.29 0 7054

556 -316 174 -316 1046 382 -7.60 573.10 81.43 593.93 0 8494

2094 2 2312 2 4404 -218 768.14 2,644.96 -46.47 2,358.10 19 0

2502 105 2743 105 5140 -241 958.16 3,104.87 -51.38 2,755.22 19 274

2784 0 2978 0 5762 -194 1,003.43 3,460.09 -41.36 3,084.20 19 4534

2387 -265 2583 -265 5235 -196 752.52 3,097.48 -41.78 2,799.11 19 7054

619 -239 644 -239 1502 -25 118.05 860.33 -5.33 807.86 0 7054

322 -210 322 -210 854 0 22.61 476.26 0.00 465.36 0 8494
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Figure 4 - Change in von Mises Stress with Time
4. Evaluation of Results
It can be seen in Figure 4 that the stresses increase over a short period of time from their initial values.  This increase is most likely due to the initial high creep rate that occurs when PVC is stressed.  The calculations of the von Mises stress used a constant modulus (550,000psi) however the initial modulus was most likely higher and then declined over time.  It is felt that the initial increase in stress is due to a high level of initial creep strain.  The drop in stress from points 3 to 4 is most likely due to temperature variation in the building.  The temperature dropped about 15F between these two measurements.  We know that the PVC strain is dependent upon temperature.  
Most significant though is that once the pressure was released the stress did not return to zero.  Even after 24 hours the stress remained.  

The von Mises stress match closely with the calculated stresses for a single extrusion under pressure as seen in Figure 5 below.  The initial von Mises stress in the side wall on the scallop averaged 437psi but then increased to 566psi over a short period.  This matches well with the value of 698psi calculated in the FEA model.  The difference is attributed to the averaging affect of the gage over the area that it covers and variation of the thickness within the extrusion.  The strain/stress varies rapidly in this region and the strain gage can only average over the 6mm area that it covers.  The stress compares very well for the 66mm sidewall.  The gages measured a von Mises stress of 2628psi initially and this increased after a short period to 3129psi which compares well with the FEA result of 2982psi.  Table 2 shows a comparison of initial stresses and strains with the FEA results.  
The dial indicator on the third scallop indicated an initial deformation INWARD of the scallop of 0.001” which increased to 0.008” by the end of the test.  A similar type of deformation was found in the FEA model on the order of 0.002” as seen in Figure 6.  
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Figure 5 - Comparison with FEA Results
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Figure 6 - Deformation of Scallops

Table 2 - Comparison of Results

	
	Test Results
	FEA Model

	
	Stress psi
	Strain

(Micro)
	Stress psi
	Strain

(Micro)

	Scallop

side
	480
	872
	694
	1270

	60 mm side
	2900
	5270
	2982
	5422


5. Conclusion

This initial test demonstrates that the FEA model can predict within reasonable accuracy the strains/stresses in a PVC structure.  Variations in the material thickness and modulus, however, will introduce errors.  Any test results that are found over time will have to use input from material testing in order to use the correct modulus to have a valid comparison.  
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		Modulus		550,000.00		psi

		Poison Ratio		0.29

		Shear Modulus		213,178.29		psi

				Gage # (micro-strain)						Direction (micro-strain)						Stress  (psi)						von Mises Stress		Pressure		Time

		Rosette #		1		2		3		X		Y		ShearXY		X		Y		ShearXY		psi		psi		minutes

		1		495		116		505		116		884		-10		223.60		551.04		-2.13		480.05		19		0

				690		224		697		224		1163		-7		337.04		737.39		-1.49		639.39		19		274

				579		47		579		47		1111		0		221.70		675.34		0.00		596.25		19		4534

				253		-231		237		-231		721		16		-13.16		392.73		3.41		399.52		19		7054

				-203		-329		-210		-329		-84		7		-212.19		-107.74		1.49		183.79		0		7054

				-255		-312		-362		-312		-305		107		-240.47		-237.49		22.81		242.24		0		8494

		2		345		-6		387		-6		738		-42		124.92		442.13		-8.95		395.08		19		0

				475		81		522		81		916		-47		208.16		564.17		-10.02		494.45		19		274

				421		25		479		25		875		-58		167.39		529.79		-12.36		469.55		19		4534

				107		-322		161		-322		590		-54		-90.62		298.22		-11.51		352.94		19		7054

				-250		-439		-213		-439		-24		-37		-267.80		-90.86		-7.89		236.28		0		7054

				-277		-388		-254		-388		-143		-23		-257.90		-153.44		-4.90		224.85		0		8494

		3		3017		119		2502		119		5400		515		1,011.85		3,263.44		109.79		2,899.64		19		0

				3603		18		2946		18		6531		657		1,148.15		3,925.01		140.06		3,503.76		19		274

				4002		-119		3056		-119		7177		946		1,178.38		4,289.08		201.67		3,853.91		19		4534

				3591		-348		2663		-348		6602		928		940.73		3,903.91		197.83		3,545.47		19		7054

				1003		-347		539		-347		1889		464		120.59		1,073.92		98.91		1,033.29		0		7054

				556		-316		174		-316		1046		382		-7.60		573.10		81.43		593.93		0		8494

		4		2094		2		2312		2		4404		-218		768.14		2,644.96		-46.47		2,358.10		19		0

				2502		105		2743		105		5140		-241		958.16		3,104.87		-51.38		2,755.22		19		274

				2784		0		2978		0		5762		-194		1,003.43		3,460.09		-41.36		3,084.20		19		4534

				2387		-265		2583		-265		5235		-196		752.52		3,097.48		-41.78		2,799.11		19		7054

				619		-239		644		-239		1502		-25		118.05		860.33		-5.33		807.86		0		7054

				322		-210		322		-210		854		0		22.61		476.26		0.00		465.36		0		8494
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