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Scope
The computer program SOR uses the finite-element method for the analysis of shells of revolution subjected to axially symmetric loading. The structure is idealized by finite elements having the shape of a frustum of a cone of constant thickness (Fig. 5.2 of Ghali, A., Circular Storage Tanks and Silos, Spon Press, 3rd ed.).  The geometry of the shell is defined by coordinates (x,r) of nodes situated on a radial half section passing through the axis of revolution. The x-axis, pointing upwards, coincides with the axis of revolution. The analysis gives the nodal displacements, the reactions and the stress resultants N, N, and Mat mid-point of elements;  N  and  M are, respectively, normal force and bending moment per unit length in meridian direction; similarly, N and Mrepresent force and moment in circumferential (hoop) direction. The loading can be any, or combination, of the following:

· Two concentrated forces, q1 and q2, and a radial moment, q3 uniformly distributed over a nodal line. The symbols q1, q2 and q3 represent the intensities of the actions per unit length of the nodal line. The positive directions for q1 and q2 are, respectively, upwards and radial outwards; the positive direction of q3 is represented by a clockwise arrow on the right-hand half of a sectional elevation; the three directions are shown in Fig. 5.2 (b) of the book mentioned above.

· (b) Uniform load on a specified element, whose intensities per unit area are qt and qn ; where qt is tangential load directed along a meridian, from the element’s  starting node to its end node; qn is normal to element’s surface pointing in direction of local coordinates 2* and 5* (Fig. 5.2 (a)). The self-weight of the structure can be determined by the computer.  The command for this loading, which is a part of loading type (b), is indicated below.

· (c) Temperature rise in a specified element; in which case the element’s number the temperatures Ti and To at the inner and outer surface are given. It is assumed that the rise of temperature varies linearly between Ti and To.

Folder contents
The folder SOR available from the website for the mentioned book contains an executable file and four example input files.  A back-up copy of an input file is provided in a file named INPUT.BAK. To solve a new problem, copy INPUT.BAK in SOR.IN and replace its data by the data of the new problem.  Running the problem will create a new file named SOR.OUT. 


      
Sign convention

Positive displacement u is vertical upwards; positive displacement w is   horizontal radial outwards;   positive rotation theta is represented by a   clockwise arrow on the right-hand half of a sectional elevation of the structure. N is positive when tensile. M is positive when producing tension at the outer surface of an element; when the two nodes defining an element have the same x-coordinate, the   element has the shape of an annular plane; positive moment produces tension at   the bottom face, provided that r1 is less than r2. The subscripts 1 and 2   refer to the first and second nodes of the element. The reaction components are determined in the directions of the global axes.

Input Data Instructions
The data, in free format, must be in a file named SOR.IN. The file contains single lines or sets of lines of data as follows:
· Single line of title, not exceeding 72 characters.

· Single line of 4 integers: number of nodes, NJ, number of elements, NE, number of joints with prescribed displacement(s), NSJ and number of load cases, NLC.

· Single line containing µ, thermal expansion coefficient. A set of lines; their number equal number of nodes. Each line is composed of a node number followed by its x and r coordinates.

· A set of lines their number equals number of elements. Each line starts with three integers: a member number, its starting node, JS and its end node, JE followed by three real values: the thickness, , elasticity modulus, E  and Poisson’s ratio,( .

· A set of lines their number equals number of joints with prescribed displacements. Each line starts with a node number and three restraint indicators (0, 1 or 2), followed by three real values of prescribed displacements. The restraint indicators 1 and 0 mean, respectively, free and prescribed displacement. When a displacement component is free, a dummy value (any real number) must be filled in for the prescribed displacement.  When the indicator is 2 it indicates a spring support; the corresponding real number on the same line is the spring stiffness (force per length squared or force length per length)

· A set of any number of lines for loading of type (a). Each line is composed of two integers, a load case number and a node number, followed by three real values of nodal force intensities,  q1, q2 and q3.The last line of the set must start by an integer greater than the number of load cases, followed by a dummy integer and three dummy real numbers. The last line must not be omitted even when there is no loading of type (a).

· A set of any number of lines for loading of type (b). Each line is composed of two integers, load case number and element number, followed by two real values of intensities(per unit area) of tangential load, qt pointing from starting node to end node, and normal load, qn in direction of local coordinates 2* and 5*. If the analysis is for the effect of self weight of the structure is required, include in this group a line composed of load case number, the integer zero, the weight per unit volume and a zero. The last line of this set must start with an integer greater than the number of load cases, followed by dummy integer and two real values. The last line must not be omitted even when there is no loading of type (b).

· A set of any number of lines for loading of type(c). Each line is composed of two integers, a load case number and element number, followed by two real values of temperature rise at the inner and outer surfaces. The last line of this set must start with an integer greater than the number of load cases followed by a dummy integer and six dummy real values. The last line must not be omitted even when there is no loading of type (c).
· Single line containing the integer 1 or 0; the integer 1 or 2 produces a long or short output, respectively. The long output includes tables that can be used to plot the stress resultants on a datum that forms the mid-surface of the shell when revolved about the x-axis. 
Examples of data for file SOR.IN

Example 7.1 of Ghali, A., Circular Storage Tanks and Silos, 3rd edition    

Thermal stress, cylindrical concrete wall, top edge free and bottom  edge totally fixed 
21  20  1    1
  NJ, NE, NSJ, NLC
10.e-6
              Thermal expansion coefficient

 1     .00   30.
  Node number; x and r coordinates

 2    0.5    30.  
 3    1.0    30.  

 4    1.5    30.  
 5    2.0    30. 
 6    2.5    30.  

 7    3.0    30. 
 8    3.5    30. 
 9    4.0    30. 
10   4.5    30. 
11   5.0    30. 
12   5.5    30. 
13   6.0    30. 
14   6.5    30. 
15   7.0    30. 
16   7.5  30. 
17   8.0    30. 
18   8.5    30. 
19   9.0    30.
20   9.5    30. 

21  10.0    30. 

   1
1    2
.25
32.e9  0.167   Element number; JS, JE, t, E, (  

   2
2     3
.25
32.e9  0.167   


 

   3
3     4
.25
32.e9  0.167   
   4
4    5
.25
32.e9  0.167   
   5
5    6
.25
32.e9  0.167   
   6
6    7
.25
32.e9  0.167   
   7
7    8
.25
32.e9  0.167   
   8
8    9
.25
32.e9  0.167   
   9
9    10  .25
32.e9  0.167   
   10
10   11  .25
32.e9  0.167   
   11
11   12  .25
32.e9  0.167   
   12
12   13  .25
32.e9  0.167  

   13
13   14  .25
32.e9  0.167  

   14
14   15  .25
32.e9  0.167  

   15
15   16  .25
32.e9  0.167  

   16
16   17  .25
32.e9  0.167  

   17
17   18  .25
32.e9  0.167  

   18
18   19  .25
32.e9  0.167  

   19
19   20  .25
32.e9  0.167  

   20
20   21  .25
32.e9  0.167  

   1 0  0  0   .0   .0   .0    Node number, restraint indicators, prescribed displacements

   1
1    .0   .0   .0 
  Load case number, node number, q1,q2 and q3
   10
0    .0   .0   .0 
  Dummy, end of data of loaded nodes

   1        1    0.      0.  Case number, element, tangential and normal ld. intensities

   10      0    0.      0.  Dummy, end of distributed load data

  1       1    0.     30.  Load case number, element, Ti,To
  1       1    0.     30.  

           1       2     0.     30.  
           1       3     0.     30.  
  1       4    0.     30.  
           1       5     0.     30.  
           1       6     0.     30.  
            1       7     0.     30.  

           1       8     0.     30.  
            1        9     0.     30.  

           1       10   0.     30.    

           1       11   0.     30.    

           1       12   0.     30.    
           1       13   0.     30.    
           1       14   0.     30.    

           1       15    0.     30.      

           1       16    0.     30.    

           1       17    0.     30.    

           1       18    0.     30.    

           1       19    0.     30.    

           1       20    0.     30.    

 10       0     0.       0.  Dummy, end thermal load data

    0                             Indicator  0 or 1, for short or long output, respectively

Example 5.4 of Ghali, A., Circular Storage Tanks and Silos, 3rd edition    
Circular cylinder monolithic with spherical dome
101
 100   1    2
  NJ, NE, NSJ, NLC
0.
              Thermal expansion coefficient

 1    .0      1.25
  Node number; x and r coordinates

 2    .025  1.25

 3    .05    1.25

 4    .075  1.25

 5    .1      1.25

 6    .125  1.25

 7    .15    1.25

 8    .175  1.25

 9    .2      1.25

10    .225 1.25

11    .25   1.25

12    .275 1.25

13    .3     1.25

14    .325 1.25

15    .35   1.25

16    .375 1.25

17    .4     1.25

18    .425 1.25

19    .45   1.25

20    .475 1.25

21    .5     1.25

22    .525 1.25

23    .55   1.25

24    .575 1.25

25    .6     1.25

26    .625 1.25

27    .65   1.25

28    .675 1.25

29    .7     1.25

30    .725 1.25

31    .75   1.25

32    .775 1.25

33    .8     1.25

34    .825 1.25

35    .85   1.25

36    .875 1.25

37    .9     1.25

38    .925 1.25

39    .95   1.2525

40    .975 1.2525

41
.100000E+01
.12525E+01

42
.101085E+01
.12335E+01

43
.102153E+01
.12144E+01

44
.103204E+01
.11953E+01

45
.104239E+01
.11760E+01

46
.105257E+01
.11567E+01

47
.106258E+01
.11372E+01

48
.107242E+01
.11177E+01

49
.108209E+01
.10981E+01

50
.109158E+01
.10784E+01

51
.110091E+01
.10587E+01

52
.111006E+01
.10388E+01

53
.111904E+01
.10189E+01

54
.112784E+01
.99887E+00

55
.113647E+01
.97878E+00

56
.114492E+01
.95862E+00

57
.115320E+01
.93839E+00

58
.116130E+01
.91809E+00

59
.116923E+01
.89771E+00

60
.117697E+01
.87727E+00

61
.118454E+01
.85676E+00

62
.119192E+01
.83619E+00

63
.119913E+01
.81555E+00

64
.120616E+01
.79485E+00

65
.121300E+01
.77409E+00

66
.121967E+01
.75327E+00

67
.122615E+01
.73239E+00

68
.123245E+01
.71146E+00

69
.123857E+01
.69047E+00

70
.124450E+01
.66943E+00

71
.125025E+01
.64834E+00

72
.125582E+01
.62720E+00

73
.126120E+01
.60601E+00

74
.126639E+01
.58478E+00

75
.127140E+01
.56350E+00

76
.127623E+01
.54218E+00

77
.128087E+01
.52082E+00

78
.128532E+01
.49942E+00

79
.128958E+01
.47798E+00

80
.129366E+01
.45650E+00

81
.129755E+01
.43499E+00

82
.130125E+01
.41344E+00

83
.130477E+01
.39187E+00

84
.130809E+01
.37026E+00

85
.131123E+01
.34863E+00

86
.131418E+01
.32697E+00

87
.131693E+01
.30528E+00

88
.131950E+01
.28357E+00

89
.132188E+01
.26184E+00

90
.132407E+01
.24009E+00

91
.132607E+01
.21832E+00

92
.132788E+01
.19654E+00

93
.132950E+01
.17474E+00

94
.133093E+01
.15293E+00

95
.133217E+01
.13110E+00

96
.133322E+01
.10927E+00

97
.133408E+01
.87423E-01

98
.133475E+01
.65573E-01

99
.133522E+01
.43718E-01

100
.133551E+01
.21860E-01

101
.133561E+01
.0

   1
1    2
.025
1.0       0.167   Element number; JS, JE, t, E, (  
   2
2     3
.025 
1.0 
0.167


 
   3
3     4
.025     1.0 
0.167
   4
4    5
.025     1.0 
0.167

   5
5    6
.025     1.0 
0.167

   6
6    7
.025     1.0 
0.167
   7
7    8
.025     1.0 
0.167
   8
8    9
.025     1.0 
0.167
   9
9     10  .025    1.0 
0.167
   10
10   11 .025     1.0 
0.167
   11
11   12  .025    1.0 
0.167

   12
12   13 .025     1.0 
0.167
   13
13   14 .025     1.0 
0.167

   14
14   15 .025     1.0 
0.167
   15
15   16 .025     1.0 
0.167
   16
16   17 .025     1.0 
0.167
   17
17   18 .025     1.0 
0.167

   18
18   19 .025     1.0 
0.167
   19
19   20 .025     1.0 
0.167
   20
20   21 .025     1.0 
0.167
   21
21   22 .025     1.0 
0.167
   22
22   23 .025     1.0 
0.167
   23
23   24 .025     1.0 
0.167
   24
24   25 .025     1.0 
0.167
   25
25   26 .025     1.0 
0.167
   26
26   27 .025     1.0 
0.167
   27
27   28 .025     1.0 
0.167
   28
28   29 .025     1.0 
0.167
   29
29   30 .025     1.0 
0.167
   30
30   31 .025     1.0 
0.167
   31
31   32 .025     1.0 
0.167
   32
32   33 .025     1.0 
0.167
   33
33   34 .025     1.0 
0.167
   34
34   35 .025     1.0 
0.167
   35
35   36 .025     1.0 
0.167
   36
36   37 .025     1.0 
0.167
   37
37   38 .025     1.0 
0.167
   38
38   39 .030     1.0 
0.167
   39
39   40 .030     1.0 
0.167
   40
40   41 .030     1.0 
0.167
   41
41   42 .0125     1.0 
0.167
   42
42   43 .0125     1.0 
0.167
   43
43   44 .0125     1.0 
0.167
   44
44   45 .0125     1.0 
0.167
   45
45   46 .0125     1.0 
0.167
   46
46   47 .0125     1.0 
0.167
   47
47   48 .0125     1.0 
0.167
   48
48   49 .0125     1.0 
0.167
   49
49   50 .0125     1.0 
0.167
   50
50   51 .0125     1.0 
0.167
   51
51   52 .0125     1.0 
0.167
   52
52   53 .0125     1.0 
0.167
   53
53   54 .0125     1.0 
0.167
   54
54   55 .0125     1.0 
0.167
   55
55   56 .0125     1.0 
0.167
   56
56   57 .0125     1.0 
0.167
   57
57   58 .0125     1.0 
0.167
   58
58   59 .0125     1.0 
0.167
   59
59   60 .0125     1.0 
0.167
   60
60   61 .0125     1.0 
0.167
   61
61   62 .0125     1.0 
0.167
   62
62   63 .0125     1.0 
0.167
   63
63   64 .0125     1.0 
0.167
   64
64   65 .0125     1.0 
0.167
   65
65   66 .0125     1.0 
0.167
   66
66   67 .0125     1.0 
0.167
   67
67   68 .0125     1.0 
0.167
   68
68   69 .0125     1.0 
0.167
   69
69   70 .0125     1.0 
0.167
   70
70   71 .0125     1.0 
0.167
   71
71   72 .0125     1.0 
0.167
   72
72   73 .0125     1.0 
0.167
   73
73   74 .0125     1.0 
0.167
   74
74   75 .0125     1.0 
0.167
   75
75   76 .0125     1.0 
0.167
   76
76   77 .0125     1.0 
0.167
   77
77   78 .0125     1.0 
0.167
   78
78   79 .0125     1.0 
0.167
   79
79   80 .0125     1.0 
0.167
   80
80   81 .0125     1.0 
0.167
   81
81   82 .0125     1.0 
0.167
   82
82   83 .0125     1.0 
0.167
   83
83   84 .0125     1.0 
0.167
   84
84   85 .0125     1.0 
0.167
   85
85   86 .0125     1.0 
0.167
   86
86   87 .0125     1.0 
0.167
   87
87   88 .0125     1.0 
0.167
   88
88   89 .0125     1.0 
0.167
   89
89   90 .0125     1.0 
0.167
   90
90   91 .0125     1.0 
0.167
   91
91   92 .0125     1.0 
0.167
   92
92   93 .0125     1.0 
0.167
   93
93   94 .0125     1.0 
0.167
   94
94   95 .0125     1.0 
0.167
   95
95   96 .0125     1.0 
0.167
   96
96   97 .0125     1.0 
0.167
   97
97   98 .0125     1.0 
0.167
   98
98   99 .0125     1.0 
0.167
   99
99   100 .0125     1.0 
0.167
   100
100  101 .0125     1.0 
0.167
   1 0  0  0   .0 .0 .0         Node number, restraint indicators, prescribed displacements
   2
39  .0 -0.25 0. 
    Load case number, node number, q1,q2 and q3
   2
40  .0 -0.5   0.

   2
41  .0 -0.25 0.

  10
0    0.   0.  0.
     Dummy, end of data of loaded nodes

  1        0    1.0
   0.          Load case number, zero, weight per unit volume, dummy real.
  1        1    0.      0.          Case number, element, tangential and normal ld. intensities

  10      0    0.      0.           Dummy, end of distributed load data

  1       1     0.      0.           Load case number, element, Ti,To
  10      0    0.      0.          Dummy, end thermal load data

    0                                     Indicator  0 or 1, for short or long output, respectively
