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Test Set-up 

To understand the deflection due to hydrostatic pressure, a simple test has been 
performed with readily available material unknown PVC. It is a 3-cell geometry with 7 
layers as shown in Fig 1. The extrusion is 10 ft high, resulting in a water pressure of 4.32 
psi at the bottom. The vertical end is sealed with the plastic plug and the horizontal one is 
emptied. Two dial indicators are positioned in the center of the extrusion with a distance 
of 12” from ground.  The filling procedure is illustrated in Fig 1 as 1st, 2nd, 3rd and 4th. 
Three readings were taken for both indicator #1 and #2 as the center cell filled first, the 
top cell as next and bottom cell being the last. The difference between indicator readings 
will be the swelling of the structure. It is one of several tests done as described in Nova 
docdb-1198 in more details by D Pushka.  

  
Finite Element Model 
 7 layers PVC structure is modeled with a shell element and spring element for the 
glue layers. It is very similar model and approach used for the Nova real structure, except 
the cell geometry and wall thickness. A linear distributed pressure is applied on the 
vertical extrusion with maximum value of 4.32 psi at the bottom. The bottom of extrusion 
is assumed to be fixed since there is a plastic plug. Calculation is done as same fashion as 
the filling sequence for the test. The PVC modulus of E=0.36 mpsi and 0.4 mpsi, based 
on a single layer  8 ft high extrusion test, is used in the calculation.   Result is 
summarized in Table 1. 
 
Discussion 

Fig 2 shows the comparison between the measurement and FEA calculation. It 
seems very comparable. The deflection is relatively small when the first two layers filled 
since these are   internal layers with “double wall” thickness. When 3rd and 4th layer 
filled, the deflection is increased noticeably due the single wall for the exterior layers. As 
four layers completely filled, FEA result gives a 33 mils for E=0.4 mpsi and 36.6 mils for 
the E=0.36 mpsi, respectively. Compared with the test result of 32.67 mils, FEA model 
gives very accurate prediction. It is also very interesting to note that the total deflection 
(swelling) can be approximately as  

 
Total deflection~ Single layer deflection (for two exterior surfaces) + double wall 

deflection * number of interior vertical layers. 
 
The second part above has an accumulative nature.  For example, total swelling is 28.1 
mils for a single layers extrusion of 10 ft high. Then,double wall will reduce its deflection 
by a factor of ~8 resulting a 3.5 mils. For 7 layers structure with 2 interior vertical layers, 
the total deflection can be estimated as 28.1+3.5*2=35 mils. FEA gives a 33 mils and test 
result is 32.67 mils. This is a relative narrow test structure.  If the structure has more 
planes glued together, the second part__ accumulative part will be much appreciated. 
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Fig 1 Sketch of  7 Layers _3 cells test  

 
 

Table 1 The Measurement and FEA Result 
 

Filled Layers  1 2 3 4 
      

Mid cell (mils)  1 -8 21 33.5 
Top cell (mils)  2 -10 18.5 33 

Bottom cell (mils)  2 -11 20 31.5 
Average (mils)  1.67 -9.67 19.83 32.67 

      
FEA (E=0.4 mpsi) (mils)  1.27 2.54 18.86 33.19 
FEA (E=0.36 mpsi) (mils)  1.41 2.82 20.96 36.88 
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Comparison between the meassurement and FEA prediction
for 7 layer _ 3 cell_ 10 ft  high assembly
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Fig 2 Comparison for the test result and FEA calculation 

 

 
 

Fig 3 FEA model 
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Fig 4 Swelling for 7 layers __ 3 cell geometry_ 10 ft high 


