




in wruch: 

fa
, 

II = sin a · (1 - cosa) · da a! fa, ; 12 = cosa · (1 - cosa) · da a! (7) 

The solutions of these integrals lead to the following results: 

(8) 

I . . 1 . 1 . l (  ) 2 = sma2 - smal - -sm2a2 + - sm2al - - a2 - al 
4 4 2 

(9) 

3. Calculus oC the loads in nodes 

To realise the fmite element analysis, the length L = 12 m of the vessel was 
divided in 12 equal parts; the circumference was divided in 24 sectors, for each of 
them corresponding a 15° centre angle. In trus way it was realised a mesh with 288 
elements. Because the type oC fmite element which was utilised has intermediary nodes 
at the middle of each side, the loads wruch were obtained from the liquid pressure 
were introduced in 25 transversal sections situated at the distance t = 0.5m. In each of 
these sections act 12 concentrated forces like in figure 3. They was calculated with the 
relations (5), . . .  ,(9) and it obtained the values show in Table 1. On the end sections, 

the forces have values equal with half of the values show in Table 1 .  
Table 1 

Nod Q, 
i N 

1 7.528 
2 52. 13 1 
3 1 82.900 
4 390.924 
5 662.026 
6 977.23 1 
7 13 16.528 
8 1655.3 18  
9 197 1 .023 

10 2242. 125 
I I  2450. 150 
12 2580.917 

Figure 3 13 2625.509 

4. The flnite element analysis 

The discretisation of the analyzed model, was made considered 12 elements on 
the length of the vessel and 24 elements on its circumference. The element used in the 
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analyse was QTS8, these being included in the class of the thin shell in 3-dirnensions; 
this class is specific for the program of analysis with finite e1ements, LUSAS ver. 1 1 . 1 . 

The position of supports on the circumference was considered for an angle of 
150 degree, respectively for a number of 10 elements . 

ln the analysis we consider that the material of vessel is an thermo-resistant 
steel with the next characteristics: Young modulus - 1 .95. 1 0-5 MPa, Poisson ratio _ 

0.28, specific weight - 7.85 . 1 0-5 N/nun . 

. For the establishment of the best position of supports, from the point of view of 
stresses and displacements, we consider at the beginning, for them position, a value of 
a = 0.208L. This starting value was chosen from the theOly of bending, applied at the 
straight beams. ln the case of a straight beam, with sirnple supports, charged with a 
uniform distributed load, the position of supports must be at the distance of 0.2 1 1 9L 
from the extrernities, 50 that the rotation of the ending sections to be zero. 

5. Results. Conc1usions 

After we made some other 
analysis, in which was modified the a 
parameter between the values 0. 166L 
and 0.33L, we choose a = 0.25L. 

For tlůs value of a, we obtain 
the best results for the stresses and 
displacements, results which are 
presented in the figures 4, . . .  ,8 .  

Figure 4 The deformation of the vessel 
in the transversal section in wruch 
the supports stay 

Figure 5 The shape of the deformed vessel 
CONT0UR5 OF Sl( 

Figure 6 The distribution of the normal stress 
on the longitudinal direction 
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Figure 7 The distribution of the 
maximum principal stress 

Figure 8 The distribution of the Von Misses 
equivalent stress 
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