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1. Objective

     The  program  CTW  performs  elastic  analysis  of circular  cylindrical  walls  of  variable  thickness  subjected to axi-symmetrical external applied loads or to temperature  variations.   Application examples are the vertical walls of circular storage tanks and silos. The analysis gives the reactions at the edges, the variation of the  bending moments , M  and M in  the  vertical  and the  circumferential  directions (force length/length)  and the hoop force , N (force/length). 

    The top or bottom edges of the wall can rotate freely or the rotation can be completely restrained. The translation of the edges in the radial direction can be either free or elastically restrained. The latter represents the case when the wall slides on an elastomeric pad.

    The wall thickness is to be specified at a minimum of three sections; the computer assumes parabolic variation between the three. By giving the thickness values at additional points, practically any variation of thickness can be analyzed.  

 2. Load types
 The load can be of the following types:
Load type 0:

     A concentrated line load of constant intensity, Q (force/ length).  An example is the component normal to the wall produced   by a post-tensioned circumferential tendon. In this case, Q is equal to the force in the tendon divided by the radius, r of the wall middle surface.   A  distributed  couple of intensity C  (force length/length) applied  at an  edge or at any intermediate level is  to  be replaced  by two  line loads of intensities, Q and -Q ; where Q =     C divided by an arbitrary small length (e.g. one hundredth of the wall height).

Load type 1:

 A distributed load whose intensity, q (force/ length2) is specified at an odd number of sections, not less than three. The program assumes parabolic variation between each three consecutive sections. A straight line variation is treated as a special case of a parabolic variation; thus three values of q must be specified.

Load type 2:

     Temperature rise varying linearly through the thickness between, To and Ti (the outer and inner faces of the wall, respectively). The values of To and Ti apply throughout the whole wall height.
 Load type 3:

     Prescribed radial outward translation wB and / or rotation θB at the bottom edge.
 Load type 4:

     Prescribed radial outward translation wT and / or rotation θT at the top edge.

Load type -1, -2 ..., -9:

    A distributed load whose intensity, q = multiplier. Z() ; the Z-function, given in Section 3, define one of nine shapes of load distribution. The multiplier is a real value to be specified in the input data. With load types -1, -2 ..., -8, the Z-functions are dimensionless and the multiplier has the units (force/length2).
 3. Distributed load shapes

 
   Nine shape functions are selected to represent variations of load intensity; these are identified by the negative integers -1, -2 ... to -9. The shapes can be combined to give the best distribution  of circumferential prestressing forces which produces any desired state of stress. (See Section 8.5 of Ghali, Circular Storage Tanks and Silos, Spon Press, 3rd. Ed.). The nine shape functions are given below in terms of ξ = x/l, or βx, with l being the wall height and x is the distance between the bottom edge and any point;
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    All the shape functions are dimensionless except the last one which has unit of length. This function is suggested by Brandom-Nielson (ACI Structural Journal, July-Aug. 1985). With this function, the multiplier must have the units (force/length2).

4. Method of analysis

    The
analysis is done by finite differences using 101 equally spaced nodes (see Chapter 3 of Ghali, , Circular Storage Tanks and Silos, Spon Press, 3rd. Ed.). The values of M , M and  N are calculated only at the top
and bottom edges and at 19 equally-spaced inner nodes.

5. Sign convention

    The load intensity q is positive when acting outwards. The bending moment, M is positive when it produces tension at the outer face of the wall. The hoop force is positive when tensile.  A positive temperature value represents a temperature rise.  A positive prescribed edge translation, wB or wT represents an outward radial deflection. The edge rotation θB or θT is positive when the derivative  [image: image26.png]


  is positive, with w being the outward radial deflection and x the distance between the bottom edge and any point. A positive value of the reaction at an edge indicates an inward line load normal to the wall surface at one of the edges.

6. Input data

 To run the program, type: CTW. This must be preceded by the preparation of an input file of any name, containing 10 or 11lines or sets of lines:
· A title not exceeding 76 characters.
· Modulus of elasticity, E and Poisson's ratio, ( and thermal expansion coefficient, α.
· Radius of middle wall surface, r and wall height, l.
· A set of lines indicating the thickness variation. Each line consists of three x values and the corresponding wall thicknesses, h. Repeat this line as many times  as  necessary to describe the thickness variation over the whole wall height. The first x value on the first line of the set must be 0.0 and the last x value on the last line must be equal to the wall height, l. Also, the third x value on any line must be the same as the first value of the line that follows it.  
· Number of load cases, NLC (not exceeding 8), followed by the parameter IRESULTS, 
· which is equal to 0 or 1. When the integer 1 is selected, the results will be printed at 21 nodes to be specified below by the user. When IRESULTS = 0, the results will be printed at 21 equally spaced points.
· The integer 1or 0, followed by a value of a variable SSB, representing the conditions at 
· bottom edge. The integer 1 or 0 is indicator of free and prevented rotation, respectively. The value SSB (force/length2) is stiffness of spring restraining the radial translation. The stiffness is the force per unit length of the periphery per unit radial translation. When the translation at bottom edge is prevented, enter a large value for SSB; entering the value 0.0 will indicate that the edge is free to slide. Note that the boundary conditions specified by this data line and the following one apply to all the loading cases except   a single case of prescribed edge displacement, if any.
· A line containing the integer 0 or 1 and the value SST representing the conditions at top 
· edge. The integer 1 or 0 indicates respectively free or prevented rotation. When the translation at top edge is prevented, enter a large value for SST; entering the value 0.0 will indicate that the top edge is free to translate in radial direction.
· A set of any number of lines giving load data. The last line of the set starts 

· with an integer greater than NLC. Each line of the set gives :

· LCASE, LTYPE, VAR1, VAR2 (load case #, load type (one of the integers 0, 1 ..., 4, -1, -2... and -9)  followed by two real values whose meanings differ with the load type :

· Type 0: VAR1 = the x-value of the section at which the line load is applied.

·               VAR2 = the line load intensity, Q (force/length).

· Type 1: VAR1 = the x-value of a section.
· VAR2 = the load intensity, q(x) (force/length2).                                                                                                Note that this load type requires an odd number of lines with a minimum of three lines. The x-coordinates must be listed in ascending order; the computer assumes parabolic variation of  q(x) between each three consecutive sections.

· Type 2: VAR1 = the temperature rise, To at the outer face.

·  VAR2 = the temperature rise, Ti at the inner face.
· Type 3 & 4:VAR1 = wB or wT, prescribed radial displacement at bottom or top edge.

·                     VAR2 = θB or θT , the prescribed rotation at bottom or top edge .

· The value of VAR1 or VAR2 can be any real number other than zero. The value 0.0 is   reserved to indicate a free displacement. The following are two data lines examples and their meaning:
· 8    3    1.0
  1.0E-6

· 8    4    0.0
  0.0

· The first line indicates that for case of loading 8, wB = 1.0, while θB is restricted to the negligible value 1.0E-6. The second line indicates that in the same load case, the translation and rotation are free to occur at the top edge. Absence of this data line has no effect, because the free-displacement state is assumed.  Note that only one case of prescribed displacements at the edges can be analyzed in one run. For the other load  cases analyzed in  the  same
run , the edge conditions  are as  specified  earlier  by  the     parameters IBB, SSB, IBT and SST .

· Types -1 to -9: VAR1= the constant by which the shape function:  -1 ,-2 , ... or -9 is to be  multiplied to give the load intensity, q. In this case VAR2 is a dummy real value which is not to be omitted .

· One line to indicate the end of the load data set. It consists of an integer greater than the 
· number of load  cases, followed by a dummy integer and two dummy real values.

· A set of lines listing 21 integers in ascending order, to select 21 nodes, out of 101, where 
· the results arerequired. This set is to be omitted when IRESULTS=0.

· A set of lines indicating any number of load combinations. Each line starts with a load     
· combination number followed by a set of load factors whose number equals NLC. The load factors, in the order in which they are listed, will be used as multipliers to the respective load cases. The last line of the set starts with the integer 99, followed by NLC dummy real values, which must not be omitted. The results of a load combination give the effect of all cases combined, with each case multiplied by its respective load factor.

        7. Beam on elastic foundation

The program CTW can be used for the analysis of a beam on elastic foundation, when the cross-sectional moment of inertia, I and the foundation modulus, k (force/ length2) are constants. This is possible because the beam has the same deflection and bending moment as for a strip of unit width in an analogous circular cylinder. The strip runs in   the direction of the cylinder axis. Length of the beam, l must be the same as that of the cylinder. To use CTW for a beam on elastic foundation enter  data for an analogous cylinder having Ecylinder = Ebeam; lcylider = lbeam; Poisson’s ratio for the cylinder = zero and:
(r h )cylinder = √ (12 E I /k)beam
An arbitrary value can be chosen for rcylinder , then hcylinder calculated to satisfy this equation. The symbols C, Q and q for the beam will, respectively, mean applied couple, transverse force and load intensity; their units will be: (force length), force and (force/length), respectively. The symbols SSB and SST will have the units (force/length). No thermal loading can be analyzed. The bending moment obtained by the analysis of the cylinder will be the same as the bending moment of the beam; but the circumferential bending moment calculated for the cylinder has no meaning. The hoop force, (Nφ )cylinder can be used to calculate the deflection of the beam or the elastic foundation reaction by the equations:
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        9. Input data examples

 The input data is to be prepared in a new file with any  chosen name having the ending “IN”. Four example input data files, a backup input file named CTWin.BAK and the executable file, CTW.EXE are provided with this manual. The contents of each data line in the input files are explained by brief notes.  To prepare the input file for a new problem, it is suggested to copy the backup file in the new file and replace the numbers by the data of the new problem. To run the program, type CTW or click on the executable file; the computer will prompt requesting the chosen name of the input file and an output file (with the ending “OUT”). 
