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CHAPTER 3 COMPUTER SOFTWARE

3.1 INTRODUCTION

ANALYSIS software was developed to solve Structural and Civil Engineering
designs by implementing the Finite Element Analysis formulations presented in this
study. Many original solutions were incorporated in this work, and colossal efforts and
many years of intensive research were spent in the development of this software.

3.2 SCOPE OF PROGRAM

A brief description of the most prominent capabilities of ANALYSIS software is
given here below

1. Determination of the buoyancy of immersed sections.
2. Determination by the finite element analysis method of nodal internal forces and

displacements of elastic structures that are idealized as an assemblage of discrete
beam-column elements, supported by self-equilibrating external forces and
pressures. The formulation incorporates deformations due to bending, shear and
axial forces, the non-linear influence of axial forces on bending and equivalent
nodal force vectors corresponding to trapezoidal loading, uniformly distributed
loading and linear thermal gradients across elements. Elastic sub-grade foundation
elements are incorporated in the analysis of foundation structures.

3. Plotting the nodal internal moment and shear diagrams.
4. Design of shear connectors for double skin composite (DSC) to resist

compression plate buckling, interface shearing forces and to act as transverse
shear reinforcement.

5 Determination of ultimate moment of resistance of DSC sections subject to
bending and axial forces.

6. Design for shear reinforcement of RC beam-column elements.
7. Determination of ultimate moment resistance of reinforced concrete (RC) sections

subject to bending and axial forces.
8. Display and or print literature, axes, input data forms, and sections' details.
9. Provide a drafting board for plotting of figures and cross-sections.

3.3 FORMULATION

The program has been originally developed as a general-purpose program to
perform all the calculations implied by the finite element formulation. The analysis can be
applied to any plane assemblage of discrete beam column elements. The program
determines the internal forces (axial, bending and transverse shear) acting within the
plane of the cross-section, which is idealized as an assemblage of discrete beam - column,
finite elements (see Figure 5.2). The analysis incorporates deformations due to bending,



axial and transverse shearing forces, the non-linear influence of axial forces on bending,
equivalent nodal force vectors corresponding to trapezoidal and uniformly distributed
load, and linear thermal gradients across elements (5). The program also incorporates
elastic foundation elements to model the effect of inter-granular soil pressures beneath the
foundations and designs RC and DSC elements. The design of RC elements is based on
ACI Code. The design of DSC elements is based on Euro Code and on research in the
School of Engineering, UWCC.

The program has been validated, by comparing the numerical results for a
carefully chosen range of problems, with available analytical solutions.

3.4 OPTIONS OFFERED BY ANALYSIS SOFTWARE
1. The use of mouse or soft keys menu to control program execution during the

entire performance in DOS environment
2. Graphical I/O capability is added to create dialogs and widgets for effective

graphical user interfaces to control program execution during the entire
performance in Windows environment.

3. Determination of nodal displacements, internal forces and moments
4. Designing double skin composite elements
5. Designing reinforced concrete elements
6. Checking the design of double skin composite elements against ACI Code

3.5 INPUT OF DATA

ANALYSIS Program displays on the screen at proper intervals all the input data
forms that are then filled by the user with the required information. Corrections of the
data input can be made at all times, and printing the input data forms is an available
option. For demonstration, the data of the selected example is entered by DEMO
program on behalf of the user.

3.6 PROGRAMMING LANGUAGE

The programming language of the present development is HP BASIC for
Windows and HP BASIC PLUS. ANALYSIS program can run under DOS 5.0 or above
and under Windows 95+ environments.

3.7 SYSTEM REQUIREMENTS

A 386/486/Pentium class processor or better is required. A processor with built-in
numeric processor (486, Pentium) or an external numeric coprocessor (387SX, 387DX,
487) is strongly recommended. Eight megabytes of free RAM are recommended. If
memory is inadequate, the program displays the free available memory and gives proper
advice. The program will run with a monochrome, 16-colour, 256-colour or 24-bit display
driver, but a 256-colour display driver is recommended. COLOR MAP functions only
with 256-color display driver. The program can send screen dumps to any graphic printer
supported by Windows. Plotters must be HPGL or PostScript compatible.



3.8 ENVIRONMENT

ANALYSIS runs in DOS and Windows as follows
1. DOS version –

It runs in MS-DOS version 5.0 or above. Microsoft mouse software must be
installed on your computer before running the program.

2) Windows version-
a. Windows 3.1x - Add Microsoft WIN32S to the system.
b. Windows 95+

3.9 THE DEMONSTRATION PROGRAM

To demonstrate the performance of ANALYSIS, a DEMO program that presents
the various features and capabilities of the software has been developed. It solves the
same example presented in Fig 5.1.

Although the intended use of the master program is for much more complicated
problems, this example was carefully selected simple to allow checking the computer
output by hand calculations. The DEMO diskette is easy to run and pleasant to watch.

3.10 RUNNING THE DEMO PROGRAM

Before running the Demo program, make sure that the computer complies with the
limitations stated under SYSTEM REQUIREMENTS and ENVIRONMENT mentioned
above. After that is done, insert the Demo diskette in drive A, keep it inserted during the
entire performance of the program, and strictly heed the instructions displayed on the
screen by the DEMO program. DEMO.ZIP has been uploaded unto Supremelogic Ltd
website. Those wishing to download it may click on the following URL link. After
extracting all its files, click on START_DEMO.BAT file to start the program execution.
Thenceforth follow carefully the instructions as they are displayed on the screen.

If Windows version is used, invoke DEMO.EXE by the File Manager. The Demo
program runs for 1 hour then quits and returns control to Windows.

If MS-DOS version is used, type A:\>demo then press [ENTER]. The Demo
program runs for 1/2 hour then quits and returns control to DOS drive A.

To re-run either Demo program repeat the relevant steps explained above.



CHAPTER 4 EXAMPLES OF PROGRAM APPLICATION

4.1 INTRODUCTION

Two examples, a single bore DSC immersed tube tunnel and a continuous RC
frame are chosen for the application of the program. Printing of the input data forms is
provided by ANALYSIS software to assist the users entering the input data into the
program memory.

4.2 DOUBLE SKIN COMPOSITE TUBE TUNNEL SECTION

4.2.1 Ultimate limit state bending and axial force

Determination of the ultimate bending resistance of a double skin composite
section, is based on the following assumptions

a) Strain in the concrete is assumed to be proportional to the distance from the
neutral axis (Fig 4.1 c). The maximum strain in the extreme fibre, at ultimate load,
is assumed to be equal to 0.003.

b) Tensile strength of the concrete is neglected.
c) At ultimate load, concrete stress is not proportional to strain, and a rectangular

compressive concrete stress distribution may be assumed (Fig 4.1 b).
d) The designed compressive axial force PU, is assumed to act at the centroid of the

transformed un-cracked section (Fig 4.1 b).
e) Stress in the compression steel plate fSC, is limited by the material yield stress fY,

slip yielding of the compressive plate connectors and plate buckling. Hence for
compression plate yielding (6,7)

fSC ≤fY (4.1)

For slip yielding of the compressive plate connectors
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In which, nC is the number of compression plate connectors effective in resisting
the longitudinal shear force between the compression plate and concrete (number
of studs between points of zero and maximum moment), PRK is the characteristic

shear resistance of the stud connectors and γV is a partial material safety factor,
taken as 1.25.

For plate buckling
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Where, b, tC, and ES are the width, thickness and Young’s modulus of
compression plate and SC is the longitudinal spacing of compression plate
connectors

f) Stress in the tensile steel plate fSt, is limited by the material yield stress fY and slip
yielding of the tension plate connectors. Hence for tension plate yielding

fSt ≤fY (4.4)

for slip yielding
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In which, nt is the number of tension plate connectors effective in resisting the
tensile forces (number of studs between points of zero and maximum moment),
and γVt is a partial material safety factor based on actual tests (6.11), taken as 1.6 for
concrete in tension zones. When fSt is compressive, equations (4.1), (4.2) and (4.3)
should be applied instead of equations (4.4) and (4.5), for the determination of the
allowable tension plate stress.

The ultimate design resistance of a double skin composite section, subjected to
bending and axial force, may now be determined as follows:

Considering the equilibrium of axial forces (see Fig 4.1 b) gives

PU = FSC + FC +FSt (4.6)

Taking moments about the line of action of FSt gives

MU + PU e’ = FSC Z’ + FC Z (4.7)

In equations (4.6) and (4.7)
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From the geometry of Fig 4.1 we may derive the following:
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In which n is steel/concrete modular ratio γa and γc are the partial material safety
factors of steel plate and of concrete. All other terms in equations (4.6) to (4.13) are
defined in Fig 4.1

From the geometry of Fig 4.1 c, the tension plate strain εst and the compressive
strain εsc are given by
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whereεc is the strain in the extreme concrete fibre, taken equal to 0.003 at ultimate load.
Hence,

fSt = εst ES =
c
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in which fSt is the lowest value given by equations (4.4) to (4.17) and fSC is the lowest
value given by equations (4.1), (4.2) and (4.3).

Solving equations (4.6) to (4.17) can be best achieved by plotting interaction
diagrams (Figures 5) by computers. The ultimate moment of resistance of the section,
corresponding to a particular value of PU, can then be read directly from the plotted
interaction diagram. If desired, these equations can be also solved by hand as follows:

a) Assume a value of c = d/2 and take x = 0.90 c
b) Solve for fSt and fSC (equations (4.16) and (4.17)). Note that fSt and fSC are
limited by equations (4.1) to (4.5).
c) Determine FSC, FC, and FSt and PU. If PU is equal, or close enough, to the
external compressive force, determine MU. Otherwise adjust c and repeat steps (a)
to (c).

4.2.2 Diagonal tension in concrete



Consider an element of concrete (Figure 4.2 (a)), which is acted upon by
transverse shear stress τand axial compressive stress σx. Under combined action ofτand
σx, the concrete is assumed to fail by diagonal tension, caused by tensile stress σt (Figure
4.2 (b)). The magnitude and direction of the tensile stress can be deduced from Mohr’s
circle. Stresses σx and τproduce a minor principal stress σt on a plane inclined at an angle
βto the line of action of τ.

From the geometry of the Mohr’s circle we may write the following
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If τ.is the shear stress causing diagonal tension failure, then σt is equal to the
ultimate tensile strength of the concrete fCt. Hence the ultimate shear strength of the
concrete is given by
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The value of σx should be determined approximately and conservatively from the
equation
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Where PU is the axial compressive force and AC is the area of the uncracked transformed
composite section (Figure 4.3), given by

AC = b{n( tc + tt ) + d } (4.21)







4.2.3 Buoyancy

Figure 4.1 shows the assumed tunnel cross-section, with the exterior, interior and
ballast surfaces defined by suitable elements and nodes. The origin of the global co-
ordinates is taken at node 1 so that all nodal co-ordinates are positive. Information
contained in Fig 4.1 was used to complete input data forms 1 to 3. Computer output is
given in Fig 1 and in Table form.

4.2.4 Finite element representation

Figure 4.2 shows the finite element representation of the tunnel cross-section.
Information contained in Figure 4.2, was used to fill input data forms 1 to 3. Computer
output is given in Fig 1 and in Table forms

4.2.5 Loading

Figure 4.3 shows the assumed trapezoidal and concentrated loading and external
and internal temperature loading acting on the cross-section. The information contained
in Figure 4.3 and the material properties in Table 6 were used to complete the data input
data forms 6 to 9. Since the section is supported by elastic foundations there are no
assumed fixed boundary conditions, whence input data Table 10 was ignored.

4.2.6 Shear connection

The material properties, the specified steel plates’ thickness and the concrete
depth are filled in input data forms 11 and 12.

4.2.7 Computer output

After running the program the information of the section was entered into the
computer memory, then Tables 4 to 14 were displayed on the screen and printed. Since no
boundary nodes were considered, Table 10 did not appear. The deformed section is
plotted in Fig 2. Note that elements 1, 2 and 3 are not shown, as deformed. This is due to
the fact that in the finite elements analysis method, the element's internal forces, moments
and displacements are represented by their equivalence at the element's nodes. Therefore,
extrapolating displacements or internal forces at locations other than the element's nodes
may not be correct. If it is desired to show displacements or internal forces at any other
position, nodes should be created at those positions. Nevertheless, the program plots
shear and moment diagrams for selected elements but displays a warning message on
screen into this effect. Fig 4 plots stress and strain diagrams of DSC cross-section and Fig
5 plots interaction diagrams of ultimate moment resistance versus axial forces.



4.4 RUNNING THE PROGRAM

Printing the output Tables and dumping the Figures are available options during
the first and subsequent runs of the program. Since most of the input and output data is
recorded automatically in binary data files, printing Tables and dumping Figures may, at
the discretion of the user, be postponed to a subsequent run.

4.4.1 Buoyancy

The data input in forms 1 to 3 was entered into the computer memory during the
first run. The computer output is shown in Tables 1 to 3, which are also recorded as
binary data files on the mass storage media.



4.4.2 Finite element analysis

The input data forms, 4 to 8 were entered into the computer memory during the
first run. The computer output is shown in Tables 4 to 11 and Figures 2 and 3. Tables 4 to
10 are recorded as binary data files. Table 11 is computed each time the subroutine is
executed.

4.4.3 Design of shear connection

The input data forms, 10 and 11 were entered into the computer memory during
the first run. The computer output is shown in Tables 13 and 14. Table 13 is recorded as
binary data file and Table 14 is computed each time the program is executed.

4.4.5 Design for ultimate moment and axial force

The data in form 12 and the internal bending moment and axial compressive force
in output Table 11 (node 1 element 1) were entered into the computer memory. The
computer output is shown in Fig 5. Since no binary data file is created, dumping of the
graphics, if required, should be performed during each run.



Composite Section
Buoyancy data input













Composite Section
Buoyancy computer output







Composite Section
Finite element analysis data input

























Composite Section
Finite element analysis

Computer output



From information in Tables 4 and 5 the program plots the geometry of the tunnel section
to scale in Fig 1. This plotting is essential because it allows the user to detect any input
mistake easily and quickly.





From information obtained from Figures 5.1, 5.2, and 5.3 the program displays Tables 4
and 5, as shown here below









From information in Table 12, the program plots the deflected shape of the tunnel finite
elements in Fig 3. We should note that in the method of finite element analysis only nodal
displacements are determined. If the user wishes to determine displacements elsewhere
on the element, nodes should be created at the desired location.

The shear and moment diagrams dor selected nodes are plotted by the program here
below. We should note that in the method of finite element analysis only nodal
displacements are determined. If the user wishes to determine displacements elsewhere
on the element, nodes should be created at the desired location..







Design of composite elements



Table 13 gives the section properties. Tables 14 and 15 give the design of studs





Fig 5 check the section resistance to bending moments at selected nodes



Fig 1 sections (a) and (b) gives details of the shear connectors. Sections (c) and (d) gives
suggested corner details of the composite tunnel section.





Design of continuous reinforced concrete
frame



4.3 REINFORCED CONCRETE CONTINUOUS FRAME

The same procedure explained in section 4.2 was followed in the design of the
continuous reinforced concrete frame shown in Fig 1_B. The frame geometry, loading,
local and global axes are given in Fig 1_B. This structure is idealized by 31 elements and
20 nodes and is subject to its self weight, concentrated forces and bending moments at
some nodes, and triangular, trapezoidal, uniformly distributed and thermal loads on some
elements. The frame has 4 boundary nodes: 1, 12, 13 and 14 and 3 foundation elements
14, 21 and 20 resisted by elastic foundation elements 29, 30 and 31. Note that the elastic
foundation elements share their nodes with the foundation elements 20, 21 and 14. Since
this frame has 4 boundary nodes, Table 10 was included in the program output. Fig 1_B
details the loads acting on this frame as follows:
Node 3 is acted upon by a concentrated horizontal force of: + 50 kN
Node 8 is acted upon by a concentrated vertical force of: + 100 kN
Node 10 is acted upon by a concentrated horizontal force of: – 50 kN
Node 16 is acted upon by a bending moment of: – 50 kN-m
Node 19 is acted upon by a bending moment of: + 50 kN-m
Element 4 is subject to horizontal uniformly distributed load of: + 40 kN/m
Element 15 is subject to vertical triangular load that varies from: 0 to 80 kN/m
Element 6 is subject to vertical trapezoidal load that varies from: 60 kN/m to 80 kN/m
Element 8 is subject to thermal gradient that varies from: 10o C to 100o C
Element 10 is subject to thermal gradient that varies from: 15o C to 200o C











From information in Tables 4 and 5 the program plots the geometry of the tunnel section
to scale in Fig 2. This plotting is essential because it allows the user to detect any input
mistake easily and quickly.
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