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Chapter 1
INTRODUCTION to HYBSLAB

1.1 Coordinate Systems and Sign Conventions

This manual deals with the progrém HYBSLAB which was
developed at_the University of Alberta fér the finite
element analysis of plates with eccentric stiffeners. The
program is based on the hybrid stress method. A detailed
discussion of the theory is available in reference 2.

A right-hand Cartesian coordinate system (x,y,z), is
used. The following degrees of freedom are defined at the

midsurface of the finite element plates:

transverse displacement,
W,y= rotation about X axis,
W,x= rotation about Y axis,
in-plane displacement ‘
(in the X direction),
in-plane displacement

(in the Y direction).

< (:EPSﬁS
wonowou

Figure 1.1 Coordinate System and Degrees of Freedom.



The directions of moments and shears are defined according

to the tensor sign convention shown below.

Figure 1.2 Moment and Shear Sign Convention.

1;2 Background Information

The program HYBSLAB was developed for the ‘analysis of
flat plates with integral eccentric stiffeners and either
point or finite-sized columns. The programjis intended
primarily for use by consulting firms where at present the
use of more approximate methods based on equivalent frames
predominates.

| The following characteristics of this program

distinguish it from other existing programs:
(1) The program is based on the hybrid stress method. For

reasons discussed elsewhere (Hrabok,1981), this -
formulation appears to be best suited for the analysis



of flat plate floor systems.
(2) In modelllng the structure, any element shape ranging
- from a triangle to a six-sided polygon may be used.
Floors of arbitrary planform can be analysed and the
finite dimensions of column cross sections and the
finite width of beams may be accounted for in the
analysis. Translational in-plane degrees of freedom
have been included to allow for displacements, such as
those caused by eccentric stiffeners. The same
subroutine which generates the flexural matrices for the
various shaped elements is also used to obtain the
in-plane matrices.
(3) In developing the program, much emphasis has been placed
on reducing the user manpower demands. This has been
done by automating the 1nput of data and by u51ng

graphlcal displays to aid in the checking of input data
and the interpreting of output data.

The variational basis for the hybrid stress method and
proof of its convergence were established in the latter part
of the 1960's by Pian and Tong (Pian,1969 and Tong, 1969).
Thevmethod is based on a modified complementary potential
energy principle with Lagrangian multipliers being used to
ensure overall equilibrium of the element. The Lagrangian
multipliers for the modified complementary energy principle
are the displacements and they are not eliminated at.an
element level. |

The program HYBSLAB is based on Pian's method and has
the capability of generating in~plahe and plate bending
stiffness matrices for a wide range of element shapes. The
element shapes may vary from a 3-sided element (triangle) to
a 6-sided irregular polygon. Some possible element

configurations are shown in Figure 1.3,



3 4 3 4
1 1
Triangle 1 2 Quadrilateral
5 4 5¢ 4 6 5
6 ¢3 | ¢4
2 .
1 3 : 1 2 1 3
5-Node 6-Node 6-Node
Transition Transition - Transition
5 6
5 4
5
1 4 1
6 1 4
2 2
3 3
2 3 .
5-Node Polygon L-Shape 6-Node Polygon

Figure 1.3 Some Possible Element Configurations



1.3 General Description of HYBSLAB
The following is a list of the subroutines in HYBSLAB.
It is provided to give the user an overall view of the

program.

*%¥% GROUP 1 = STIFFNESS MATRIX SUBROUTINES *%%

Subroutines :

STIFFS (Hybrid Stiffness Matrlces for Elements:
(i ) Rectangles .
(ii- ) Triangles ,
(iii) Quadrilaterals ,
(iv ) L-Shapes ,
(v ) Transitions ,

: (vi ) Polygons o)

" OFFSET (STIFFS Transformation for Eccentricities)
BMSTF (Offset Beam Element Stiffness Matrices)

- XSTIFF (Read-In Stiffness Matrices from Unit(11) )
COLCAP (Column Caps represented by Thick Plates)
SPRING (Additional Stiffness at Chosen DOF)
DISPRE (Prescribed Non-Zero Nodal Displacements)

L2 3 GROUP 2 = AUXILIARY SUBROUTINES * %%
Subroutines :

ASSEMB (Element Stiffness Entry into Global Matrix
BANDWI (Semi-Band Width of Elements )

BANSOL (Gauss Equation Solver for Displacements)
INVERT (Inversion of H( , ) for Hybrids)

CONECT (Joint & Member Input - Connectivity Data)

GRDATA (Read & Write Group Properties in GPROPS)

COORDS (Coordinate Generation from Group Data)
BMPROP (Beam Element Data)

£ Y 37 GROUP 3 = STRESS SUBROUTINES kK%
Subroutines :

BFORCE (Beam Element Nodal Forces)

STRESS (Plate Element Stresses and Nodal Forces)

AVERAG (Averaged Stresses at Nodes)

Auxiliary Units

File(1) - Output of F.E. Mesh ,
File(2) - Output of 'W' Displacements ,
File(3) - Output of Nodal Stresses ,

File(11) - Read 'XSTIFF' matrices



The subroutine 'STIFFS' uses the hybrid stress method
to calculate in-plane and flexural stiffness matrices for
the various shaped elements shown in Figure 1.3.

The hybrid stress method as proposed by Pian and Tong
requires that a set of stress functions be chosen to
describe the stress field inside the element. A second set
of independent functions is required to describe the
displacement field along the element boundaries and to
provide interelement displacement continuity.. For the plane
stress elements, the edge displacements between nodes are
described by linear functions in U and V while the stresses

are described by the partial quadratic polynomials:

Ok: B: *+ xB, + yB. + xyB.
Oy= Bs + xB. + yB. + XyB., (1.1)
ny: - Yﬂz - O,SYZB4 - XBy - O.SXZB. + Bg

For the plate bending elements, the element edge
displacements for W and W,t (tangéntial slope) are described
by first order Hermitian polynomials while W,n (normal
slope) is assumed to vary linearly between nodes. In the
interior of each element the following complete qQuadratic

polynomials are used to describe the moment field:

Mx= B, + xB, *+ yBs + x*B, + xyBs + y*B.
MY= B? + xﬁa + Yﬁs + xzﬂ1o + xYBt1 + Yzﬂ1z (1.2)
MXY= - XYB4 - XYBIZ + ﬁ13 + xﬂ14 + Yﬁas + x2316 + Y2317



When using the subroutiﬁe 'STIFFS' it is important to
note that'the.localAcoordinate axes of an element may be
pléced at any location relative to the global axes but the
local axes must remain parallel to the global axes.

Subroutine 'STIFFS' also generates the work-equivalent
load vector for uniform normal loading of all the plate
elements., For the in-plane loads, the program does not do
.this and the user is required to proportion the surface
tfactions, if any, to nodal loads.

The program has a number of other technical features
which may be of interest. Provisions have been made in the
program to accommodate singularity elements (Hrabok,1981) or
any other user-provided element having the same nodal
degrees of freedom as the HYBSLAB elements. For example,
the stiffness matrix and load vector for the éingularity
elements are generated by a separate program and are stored
in a file which is later accessed by HYBSLAB. This file is
sepérate from the file which contains the data for the main
problem and will be referred to as an auxiliary file.

To model eccentric stiffeners, the user can use either
beam elements or other plate elements which have midsurfaces
offset from the midsurface of the main plate. Details of
this procedure are given in the next section.

The effects of columns may be lumped at a single node
or the finite dimensions of the column cross section may be-
represented. A more detailed discussion of this topic is

contained in the last section.



The program has a number of special features that may
be required for certain problems. For example, the user may
specify non-zero values for any degree of freedom or
éonstrain two or more degrees of freedom to have the same
value. As well, additional stiffness may be added to the
diagonal term associated with any degree of freedom.

The solution for nodal displacements is obtained by
using an in-core banded Gaussian elimination routine. The
pfoblem size that may be solved with the present version on
the AMDAHL 470/V8 is 1500 unknowns with a semi-band of 80.
These values may be varied subject to the condition that
their product must be compatible with the in-core storage
limits of the computer facility being used.

The following measures have been taken to assist the
user with the practical aspects of time and cost, and error
detection.

The input data may be specified in one of two ways,
which will be referred to as 'automatic' and 'manual'. The
automatic data generating subroutine, called 'CONECT', is
specifically'intended for 4-node element gridworks and
requires very little input from the user. This subroutine
operates from 2 two-dimensional integer matrices, one of
which contains the joint numbers of the structure while the
other contains the element numbers. The input required for
. this subroutine basicélly consists of specifying the rows of
the matrices, but with provisions made to éutomatically

generate subsequent rows from any given row and numbers



within a row. This subroutine is specifically tailored for
grids consisting of rectangles and/or quadrilaterals. An
exémple illustrating the use of these matrices is given in
Chapter 3.

' The other method is to manually specify the input data,
element by element. This is the most inefficient and

time-consuming way to prepare the data and should only be

used when necessary. To provide the user with added

flexibility in data preparation, both methods may be used
for a éiven»problem.

To.feduce computational costs, elements with identical
sfiffness matrices are placed in the same group so that only
one element stiffﬁess matrix needs to be calculated.

Another attractive feature of the program is that the
user does not input the global coordinates of the joints.
The subroutine 'COORDS' generates this data from the local
coordinates used for calculating the stiffness matrix of
each element group.

 After the input data has been prepared, the user has
the option of doing a check-run.. Thé program is run without
calculating any stiffness matrices and an auxiliary data
file is created. This data file can then be used to produce
a drawing of the structure complete with node and element
numbers. This type of graphical display provides a quick
and easy means of detecting errors in the connectivity data,
the local coordinates of the element groups, and the

grouping of the elements.
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The program output for each load case consists of the
nodal displacements and rotations, element nodal and centre
point stress values, and internal nodal forces. As well, at
each node, stresses averaged from the values associated with
the adjoining elements are printed along with fhe principal
flexural stresses. |

The solution output may also be obtained in a graphical
form. In the current version of the program, two auxiliary
files are required to store output data for contour plots.
The first of these files contains the nodal values of the
transverse displacement W , while the second file contains
the averaged nodal values of Mx, My, Mxy, Mp, and Mp., where
Mp, and Mp, are the principal moments.

For example, if one were designing reinforced concrete
slabs and if the reinforcing is to be placed in the X and Y
coordiﬁate directions, then contour plots of the orthogonal
moments Mx and My would be most useful., If these plots are
done to thé same scale as the working drawings, then the
designer can do the steel layout directly on the contour

drawings. Examples of such moment plots are provided later.
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1.4 Modelling of Eccentric Stiffeners

When a plate is stiffened by a beam which has its
centroidal axis in a plane not coinciding with the plate's
_midsurface, then in-plane or membrane strains may be
produced in the plate. The applied loads are carried
jointly by flexural action and membrane aqtion in proportion
to the relative rigidities of the plate and the beam and the
distance between their centroids. In order to analyse this
type of structure it is necessary to consider not only the
geometric degrees of freedom, < W , Ox , fy>, but also, the
in-plane displacements, < U , V>.

The method adopted in HYBSLAB for coupling an integral
stiffener to a plate consists of calculating the stiffness
matrix of the stiffener about its own centroid and then
transferring it to the midsurface of the plate. This
dperatioﬁ is accomplished by pre- and post- multiplying the
beam stiffness matrix by a linear transformation matrix
{Tel. 1In essence, the transformation mat;ix couples the
nodal degrees of freedom in a manner equivalent to attaching
the beam node to the plate node by a rigid bar. This is the
same as specifying that plane sections remain plane.
Although this method introduces additional unknowns in the
form‘of in-plane degrees of freedom, it does not require
estimating the location of the neutral axis in the composite
section. This method was used in. HYBSLAB; the details are

given in reference 2.
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The beam's local X axis is always along the
longitudinal axis of the beam. The local Z axis always
points in the same direction as the global Z axis. A local
stiffness matrix [K] is calculated and then modified for
eccentricities and rotation in-plan. To obtain the global
.matrix, [K] is first pre- and post-multiplied by the
transformation matrix [Te]. Then, it is also pre- and
post-multiplied by a rotational transformation matrix [Tr].
The [Tr) matrix consists of direction cosines between the
.local and global (X,Y) axes. The final form of the beam
vmatrix in the global system (denoted by [Kb]) can be written
as:

T T
[Kb] = [Tr)l{TellK][TellTr] (1.3)
The explicit form of the final global-matrix [Kb] is given
in reference 2.

The process described thus far has dealt with the’
representation of eccentric line beams. Provisions have
also been made to allow the user to model the finite width
of a téctangular beam. When this option is used the beam is
referred to as a wide beam.

To model wide beams, thick plate elements are used and
the stiffness matrix which is calculated at the midsurface
of the thick plate is tfansferred to the global midsurface
by pre- and post-multiplying it by a transformation matrix.

Details of this operation are given in reference 2.

ey
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It is necessary to draw the user's attention to an
error introduced by the method being used to model eccentric
stiffeners. The nature of the error was identified in 1977
by Gupta and Ma (Gupta,1977). The error arises from a
conflict in describing the axial displacement field of the
beam element. If plane sections are assumed to remain
plane, then a rotation at a node in the plate causes the
axial displacements in the beam to vary according to the
plate functions. The plate functions are usually quadratic
or hiéher order and the conflict arises because a linear
function was used to derive the beam's axial stiffness.

A typical beam and its cross section are shown in
Figure 1.4. Also, as indicated iﬁ this figure, two choices
ekist for representing the flange and stem of the beam. The
first choice, referred to here as the 'iayered' approach, is
to regard the plate as having the same width and thickness
as the overall flange while the beam would consist of only
the portion which protrudes above or below the slab. The
second choice, referred to as the 'overall thickness' or
'overall height' approach, is to consider the plate as being
only the overhanging portions of the T-beam flange. To
illustraté the magnitude of the error, Gupta used the
layered approach and replaced the plate element with a beam
element. .He then derived the following expression: |

AA e’

r= (1.4)
4(A,+A,)(I,+I,)
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where,
A;= area of the cross section for beam 'i',(i=1,2),

I;= moment of inertia for beam 'i’',(i=1,2),
e = the distance between the beam centroids,
r = the error in the calculated W displacement.

Usiﬁg'the above equation for the T-beam shown in Figure
1.4, the error for the layered cross.section can be _
calculated as 0.600. This means that if the entire length
of the T-beam is represented by a single beam element, then
the calculated displacement will be 1.600 times the corfect
‘value. However, for the overall cross section, also shown
in the same figure, the same expression is valid and the
error calculated for this cross section is only 0.136 . The
above example illustrates that the user has some control
over the magnitude of error depending on how the cross
section is chosen.

Although ﬁhe magnitude of the error is problem
dependent, it is important to note that it can be estimated
from Equation 1.4 and it decreases with an increase in the
number of elements. Also, the overall model is expected to
be the more accurate whether the stiffener is represented by
a line beam or an offset plate.

More details on the magnitude of the error and the
modelling of the cross section by line beams and plate

elements are provided elsewhere (Hrabok,1981).

ey
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1.5 The Modelling of Columns

In the program HYBSLAB, provisions have been made to
allow the designer to use either finite-sized or point
columns. To use either type of column, the program requires
as input the column's axial and flexural stiffnesses at the
location where the column and the midsurface of the plate
meet. Since these values are very much dependent on the far
end conditions, the material properties of the column, and
the joint connection detail, the selection of these values
requires some engineering judgement on the part of the user.
The remaining input consists of the X and Y coordinates for
the column centroid and the joint numbers to which the
centroidal stiffnesses are to be distributed.

For finite-sized columns, the joints to which the
column stiffness is distributed are those on the périmeter
of the column. The distribution is done so as to satisfy
two conditions. The first is that the centroid of the
column and the joints on the column's perimeter define an
X-Y region which undergoes rigid body motions only. This
region will be referred to as a 'column head' and the

following constraint equations apply in this region:

W; =W, + (yi-yo) Bx, + (x;-%,) By,
Bx; = Ox, (1.5)
BYi = BYQ

where, the subscript ',' denotes the column centroid,

and ';' denotes a joint in the rigid-body region.
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The second condition is that the substitute system of
distributed stiffnesses at the perimeter joints contributes
the same strain energy to the structure as the original
system at the cenﬁroid. An alternate view of this method is
‘that rigid bars have been usedlto attach each perimeter
joint to the ceﬁtroid of the column.

| For point columns the same method is used but only one
finite'elehent joint is involved. The advantage of using
this method for point supports is that the centroid of the
column and a joint of the finite element model do not have
to coincide. This permits the user to use more rectangles
when doing fhe grid layout. However, the transfer distances
between the two points must be kept small if the constraints
in Equatioﬁ 1.5 are to be realised.

To‘implement the constraint equations for finite-sized
columns, artificially thick elements are.used to represent
the column head. The rigid body behavior described by
Equation 1.5 is satisfied only approximately. The accuracy
of such an approach can only be assessed by considering
specific problems but results from a substructuring approach
and comparisons done elsewhere (Hrabok,1981), indicate that
the thick element approach can be made as accurate as
desired for practical usage.

It is recommended that columns be represented by plate
elements which have a specified thickness 100 times that of
the surrounding plate. When using the program, the designer

can always determine the extent of column head 'mushrooming’



by looking at the displacement output for the column head.

18
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Chapter 2

THE INPUT DATA

2.1 INPUT: The READ Statements

 The program HYBSLAB is written in FORTRAN IV, All
input data, both real and integer, are read using the
following statement:
2 FORMAT(100G20.0 )
This is a free format type and the individual numerical
fields in the input data must be separated by commas. A
typicai 'READ' statement using this format is:
READ(SWé) IGROUP, INPLAN, IPROP, ZXDIM,YDIM
In the above, '5' denotes the input unit or file number and
'2' is'the format statement described earlier. All headings
and titles are read using:

1 FORMAT( 15A4)

The following comments may be of interest to the user.
The term 'degree of freedom' (dof) is used to denote a
displacement coordinate of the finite element (FE)
structure. These degrees of freedom are located only at the
nodes of the model and are used to describe the
displacements of the structure. There are 5 such
displacement coordinates in HYBSLAB; the order of these dofs
is < W 8x 6y U V>.

Most of the integer input required by the program is of

a sequential form such as:

19



20

READ(5,2) J1,J2,JLAST
If the data to be input is: 2,5,8,11,14,17,20,23,26,29,32
then the required input is: 2,5,32, |
(that is:  J1=2, J2=5 and JLAST=32 ). The program assumes
that '2' is the first number of the series and '5' is the
second number. From these two numbers an increment of '3’
is calculated and is used to generate the remainder of the
series. The number '32' is the last number of the series
and generating of values ceases when this number is reached
or exceeded.

The following is a scan of the 'READ' statements as
they appear in the current version of the program.
Explanations on the intended use of each variable are
provided after each 'READ' statement. 'READ' statements
preceded by a 'C' are comment cards for user convenience and

are not executed by the program.
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C READ-IN of DATA in k%% MAIN *#%x%

READ(5, 1) HEAD
- Any title to identify the structure.

READ(5,1)  UNITS

- Units of force and distance being used for
the structure.

- The program is unit independent and
therefore only length (distance) and force
can be specified; all else follows - the
modulus of elasticity and all other data
must be input in terms of these two units.

- The units specified by this data line are
simply to remind the user of the units which
have been chosen, they have no influence on
the running of the program.

READ(S,Z) NRECTS,NBEAMS,NTRIAS,NQUADS,NLSHAP,
NTRANI,NPOLYS,NEXTRA,NRCOLS,NSPRIG,NDIPRE
where the total number of:

1) Rectangular elements= NRECTS
2) Line beam elements= NBEAMS
3) Triangular elements= NTRIAS
4) Quadrilateral elements=  NQUADS
5) L-shaped elements= NLSHAP

6) Rectangular transitions
(either 5- or 6-node)=  NTRANI
7) Polygonal shaped elements
(either 5~ or 6-sided)= NPOLYS
Note: The above classification is provided
for user convenience; the stiffness
matrices and uniform load vectors for
each element shape are all generated
by the subroutine 'STIFFS'. Elements
in any of the above categories are
numbered consecutively starting at '1'.
See Figure 1.3 for sketches of some
possible element configurations.
8) Elements for which the
stiffness matrices must
be read from an
auxiliary file(11)= NEXTRA
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9) Columns supporting the plate

(either point or finite-sized)=  NRCOLS
10) Springs added to chosen dofs for

the purpose of stiffening or

restraining a specific movement= NSPRIG
11) Degrees of freedom with non-zero

prescribed displacements= NDIPRE

READ(S,Z) NRTYPE,NBTYPE,NTTYPE, NOTYPE ,NLTYPE,
NATYPE ,NPTYPE,NXTYPE
(see note below)

where the number of:

1) Rectangular element types= NRTYPE
2) Line beam element types= NBTYPE
3) Triangular element types= NTTYPE
4) Quadrilateral element types= NQTYPE
5) L-shaped element types= NLTYPE
6) Rectangular transition types=  NATYPE

7) Polygonal shaped element types= NPTYPE

8) External or extra element types=NXTYPE

Note: This data is used to identify the
various groups within each shape.
The various element shapes are shown
in FPigure 1.3. Elements with identical
stiffness matrices are classified as
being of the same type and are assigned
to one group.

READ(5,2) NJINTS,NMAST,NVECT,MPRINT,ISTOP,IPLOT

where,

NJINTS= Number of joints in the finite element
model of the real structure.

NMAST= Number of master nodes; other degrees
of freedom can be specified to have
displacement values identical in
magnitude to those of the master
nodes.

NVECT= Number of load vectors (not to exceed 3).
In the present version of the program,
the last column of the load matrix is
occupied by the uniform unit load vector

- (this is reserved for future use in
specifying checkerboard loading).




C

C
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MPRINT= 0---> no element stresses will be printed.
" j---> stresses will be printed for 'i'
number of elements; 1f stresses are
to be printed for all elements then
'i' is input as the total number of
elements(beams+plate elements) and
no other input is required.

ISTOP= 0---> the program does not stop; it forms
' and solves the entire set of equations.
1---> the program stops after reading
and echoing the input data (no
stiffness matrices are calculated).

IPLOT= 0---> no data is stored to draw the finite
element model (connectivity data and
joint coordinates check in file(1)).

| 1---> write connectivity data into file(1).

READ; Suppressed d.o.f. (zero disp.)

READ(5, 1) HEAD _
- a heading for clarity and user convenience.
(e.g. 'Suppressed Degrees of Freedom').

READ(5,2) J1,J2,JLAST, (LDOF(K) ,K=1,5)
(repeat this data line as often as necessary)
where,
J1,J2,JLAST= First, second and last joint
numbers of the joint sequence.
(LDOF(K),K=1,5)= An integer vector to describe
the freedom of the joint,
0 ---> no movement allowed, -
1 ---> dof movement is permitted,
Note: see Fig. 1.1 for order of dofs.
(End with a 0,0,0, terminator line.)

READ; Master & Slave Node d.o.f.

- skip this data if NMAST=0.

READ(5, 1) HEAD

- a heading for clarity and user convenience.
(e.g. 'Master and Slave Nodes').

READ(5,2) JMAST,J1,J2,JLAST, (LDOF(K),K=1,5)
(repeat this data line as often as necessary)

where,
JMAST= The joint whose motion will be copied,
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J1,J2,JLAST= First, second and last joint
numbers of the slave node sequence.
(LDOF(K) ,K=1,5)= An integer vector to describe the
dofs to be copied,
if 0 ~=-=> no change,
LDOF (k)= [+Jmast---> slave node will copy the
'k' dof of JIMAST exactly.
(End with a 0,0,0, terminator line.)

® 5 0.5 000 000 0 008000 L L EE L P00 LGS0 LGOI OP NP LENGELEBLESOEGEGCEBLOEBLES

C (go to READ from Subroutine 'CONECT')---=-===-mme—m- >
C (back to READ from 'MAIN') <====/
Note: The above pair of arrows denote that the
description of the data to follow is contained
in the explanation of the subroutine 'CONECT'.

If NRECTS=0 and NQUADS=0 then skip this
subroutine.

© % 5 0.0 060 0 90 0 0060050000028 L0 LSO LN L0 EN LI LEILESEOLESIEOIEENIOREES

C READ-in for Rectangles.

- skip this data if NRECTS=0 (go to Beams).

READ(5,1) HEAD

: - a heading for clarity and user convenience,
(e.g. 'RECTANGLES'"),

READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,4)
(repeat this data line as often as necessary)
where,
NEL= The member(rectangle) number.
MTYPE= The rectangular group to which the
member's stiffness matrix belongs.
JTEMP(K)= Global joint numbers of the rectangle,
(start numbering at lower left corner
and proceed counterclockwise,
see Fig. 1.3 for assumed order).
(Terminate prematurely with a 0,0,0, line.)

C READ-in Group Data for Rectangles
READ(5, 1) HEAD
- a heading for clarity and user convenience,
(e.g. 'Rectangular Group Properties').

READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
where,
EX1= Modulus of elasticity for uniaxial
loading only in the X direction.
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EY1= Modulus of elasticity for uniaxial
loading only in the Y direction.
- POISX= Poisson's ratio as measured when only
the uniaxial Y load is present.
GXY= Shear modulus of elasticity as
measured from a pure shear condition.
Note: The above elastic constants are
independent of each other. It is
assumed that: EX1x POISY= EY1% POISX.
THICK= The thickness of the plate element.
ECC2= Eccentricity e, of the offset plate
element; non-zero only when a plate
element is being used to represent
an eccentric stiffener. e, is the
Z-distance between the midsurface of
the plate representing the stiffener and
the global X-Y plane of the structure.

READ(5,2) IGROUP,INPLAN,IPROP, XDIM,YDIM
(repeat this data line 'NRTYPE' times)
where,
IGROUP= The group number; these numbers
must be consecutive integers
starting from unity.
INPLAN= 0 ---> in-plane dofs are zero,
1 -~-> midsurface displacements are
non-zero and the in-plane
stiffness matrix is calculated.

"IPROP= 0 ---> no change in the elastic constants,
thickness or eccentricity,
‘1 ---> specify new values for the above;

these new values will be used until
re-specified.
'XDIM,YDIM= (X,Y) dimensions of the rectangle group.

- skip the following data line if IPROP=0.
READ(S 2) EX1,EY1,POISX,GXY,THICK,ECC2
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C

C

READ-in for Beams.

- skip this data if NBEAMS=0 (go to Triangles).
READ-in for Beams in 'MAIN',

READ(5,1) HEAD
- a heading for clarity and user convenience,
(e.g. - 'BEAMS - Connectivity Data').

READ(S 2) M1,M2,MLAST,ITYPE,JOINTI,JOINTJ,
JIINC JJINC

where,

M1,M2,MLAST= First, second and last beam
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numbers of the series for which
the intermediate values will be
generated automatically (as
discussed in Section 2.1).
ITYPE= Group type to which the beam's
stiffness matrix belongs.
JOINTI ,JOINTJ=Joints 'i' and 'j' of beam M1,
JIINC JJINC=Integer increments to be added to
joints 'i' and 'j' of beam M1
to generate the 'i' and 'j' 301nt
numbers for the other beams in
the series.

o READ <Emod,Pois, A,Ix,Iy,Cv, el,e2 >
READ(5,1) HEAD
- a heading for clarity and user convenience,
(e.g. 'Beam Group Properties').
READ(5,2) IGROUP, (RTEMP(K),K=1,8)
(repeat this data line 'NBTYPE' times)

Modulus of elasticity in tension.

Poisson's ratio.

Cross sectional area of the beam.

Moment of inertia for bending in a

vertical plane,

)= Moment of inertia for bending in
the X-Y plane, caused by the two
in-plane displacements.

(6)= St. Venant's uniform torsion constant,
(torsional stiffness due to restrained
warping is not considered).

(7)= eccentricity e,=Y(plate)-¥(stiffener).

(8)= eccentricity e,=Z(plate)- -Z(stiffener).

Note: e, remains unchanged as the beam is rotated
in plan, but e, is calculated with the beam's
local X axis along the longitudinal axis of
the beam and the local and global Z axes

pointing in the same direction (see Sec. 1.4).

N St S N
B nn
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C READ-in for Triangles in 'MAIN',

- skip this data if NTRIAS=0 (go to Quads.).
READ(5,1) HEAD
- a heading for clarity and user convenience,
(e.g. '"TRIANGLES").,

READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,3)
| (repeat this data line 'NTRIAS' times)
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where,
NEL= The member(triangle) number. .
MTYPE= The trlangular group to which the

member's stiffness matrix belongs.

JTEMP(K)- Global joint numbers of the triangle,
(start numbering at the left-most node
and proceed counterclockwise,
see Fig. 1.3 for assumed order).

c " go to READ from Subroutine 'GRDATA'(Triangles) ----- >

Note: The above pair of arrows denote that the
description of the data to follow is contained
in the explanation of the subroutine 'GRDATA'.
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c READ-in for Quadrilaterals in 'MAIN',

- skip this data if NQUADS=0 (go to L-Shapes).

READ(5, 1) HEAD

- a heading for clarity and user convenience,
(e.g. '"QUADRILATE RAL s').

READ(5,2) NEL,MTYPE,(JTEMP(K),K=1,4)
where, :
NEL= The member (quadrilateral) number.
MTYPE= The quadrilateral group to which the
member's stiffness matrix belongs.
JTEMP(K)= Global joint numbers of the quadrilateral
(start numbering at the left-most node
and proceed counterclockwise,
see Fig. 1.3 for assumed order).
Note: When subroutine CONECT assigns joint
numbers it automatically places local
joint 1 at the lower left corner of the
4-node element. If this is not the
left-most joint then the correction
should be made here.
(Terminate prematurely with a 0,0,0, line.)

C (go to READ from GRDATA for Quadrilaterals ~-—------ >
Note: The above pair of arrows denote that the

descrlptlon of the data to follow is contained
in the explanation of the subroutine 'GRDATA'.

® 9 06 0606069 66060 6856 0 86 0 0 5 5 6 0 600 6 068 00 5 0060000605000 0680800800850 0 00000000

C READ-in for L-Shapes in 'MAIN'.

- skip this data if NLSHAP=0 (go to Transitions).
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READ(5, 1) HEAD
- a heading for clarity and user convenience,

(e.g. 'L-SHAPES').

READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,6)
(repeat this data line 'NLSHAP' times)
where,
NEL= The member (L-shape) number.
MTYPE= The L-shape group to which the

' member's stiffness matrix belongs.

JTEMP(K)= Global joint numbers of the L-shape,
(start numbering at the reentrant
corner and proceed counterclockwise,
see Fig. 1.3 for assumed order).

=3

READ-in Group Data for L-Shapes

READ(5,1) HEAD
- a heading for clarity and user convenience,

(e.g. 'L-Shaped Group Data').

READ(5,2) EX1,EY1,POISX,GXY,THICK,6ECC2
READ(5,2) IGROUP,INPLAN,IPROP, (XNODES(K),K=1,6)
READ(5,2) (YNODES(K) ,K=1,6)
(repeat above pair of data lines 'NLTYPE' times)
where,
EX1,EY1,POISX,GXY,THICK,ECC2
and IGROUP, INPLAN,IPROP,
are as defined earlier (see rectangles).

(XNODES(K) ,K=1,6)| Local (X,Y) coordinates
(YNODES (K) ,K=1,6)| of the L-shaped element.

- skip the following data line if IPROP=0.
READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
L
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C

READ-in for Transition Rectangles in 'MAIN',

- skip this data if NTRANI=0 (go to Polygons).
READ(5, 1) HEAD
- a heading for clarity and user convenience,
(e.g. '"TRANSITIONS'),
READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K) ,K=1,NNODES)
(repeat this data line 'NTRANI' times)
where,
NEL= The member (transition) number,
MTYPE= The transition group to which the
member's stiffness matrix belongs.
NNODES= The number of element nodes (<6).
JTEMP(K)= Global joint numbers of the transition




C

element (rectangular shape),

(start numbering at lower left corner
and proceed counterclockwise,

see Fig. 1.3 for assumed order).

READ in Group Data for Transition Rectangles

READ(5, 1) HEAD
- a heading for clarity and user convenience,
(e.g. 'Transition Group Data').

READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
READ(5,2) IGROUP,INPLAN,IPROP, XDIM,YDIM
where,
EX1,EY1,POISX,GXY,THICK,ECC2

and IGROUP, INPLAN,IPROP,

have been defined earlier (see rectangles).
- and,

XDIM= Overall X-dimension of the element,

YDIM= Overall Y-dimension of the element.

READ(5,2) (XNODES(K),K=1,NNODES)
READ(5,2) (YNODES(K),K=1,NNODES)
where, _
NNODES= Number of nodes (either 5 or 6).
(XNODES(K) ,K=1,NNODES) | Local (X,Y) coordinates
(YNODES(K) ,K=1,NNODES) | of the transition element.
(repeat above 3 data lines 'NATYPE' times)

- skip the following data line if IPROP=0.
READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
L
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C

READ-in for Polygons in 'MAIN',

- skip this data if NPOLYS=0 (go to 'Externals').

READ(5, 1) HEAD

- - a heading for clarity and user convenience,
(e.g. '"POLYGONS').

READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K),K=1,NNODES)
(repeat this data line 'NPOLYS' times)
where, : _
NEL= The member (polygon) number.
MTYPE= The polygonal group to which the
member's stiffness matrix belongs.
NNODES= The number of element nodes (<6).
JTEMP(K)= Global joint numbers of the polygon,
(start numbering at left-most node
and proceed counterclockwise,
see Fig. 1.3 for assumed order).
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C (go to READ from GRDATA for Polygons) ----------- >
<=---/
Note: The above pair of arrows denote that the
description of the data to follow is contained
in the explanation of the subroutine 'GRDATA',
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C READ-in for External(Singularity,...) in '"MAIN'.

- skip this data if NEXTRA=0 (go to Coords.).

READ(5,1) HEAD

- a heading for clarity and user convenience,
(e.g. 'Singularity L-Elements').

- The stiffness data is read from auxiliary
file(11) as indicated in subroutine 'XSTIFF'.
The connectivity data must be user-specified
as described below.

READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K),K=1,NNODES)
(repeat this data line 'NEXTRA' times)
where,
NEL= The member(external) number.
MTYPE= The external element group to which
: the member's stiffness matrix belongs.
NNODES= The number of element nodes (<30 dof).
JTEMP(K)= Global joint numbers of the external
element, (order as defined by the
stiffness matrix being supplied).
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C READ; User Specified Global Coordinates .

READ(5,1) HEAD
- a heading for clarity and user convenience,
(e.g. " COORDINATES').

READ(5,2) JNT,XORD(JNT),YORD(JNT)

- the above joint and its coordinates
are used in subroutine COORDS as
the origin from which all the other
global coordinates for the plate
elements are generated.

READ(5,2) J1,J2,JLAST, X,Y,XINC,YINC
where, _
J1,32,JLAST= First, second and last joint
numbers of the joint sequence.
X,¥Y= X and Y coordinates of J1.
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XINC,YINC= Increments to be added to the
X and Y coordinates of J1 to
generate the X and Y coordinates
for the remaining joints in the
sequence,
(repeat as often as necessary, end
- with a 0,0,0, terminator line).

- skip this data if NRCOLS=0 (go to Springs).
C Column Head data is READ in 'COLCAP' -—-——=————=-=-mew- >

Note: The above pair of arrows denote that the
description of the data to follow is contained
in the explanation of the subroutine 'COLCAP'.

® 6 0 0 000 0.0 000 069 0 P0G 0SS0 SO0 0L E NS 0L OO0 P00 00 SE 0L NN eL SO

- skip this data if NSPRIG=0 (go to Disps.).
C  Spring data is READ in 'SPRING' -----------—-——————-- >

Note: The above pair of arrows denote that the
description of the data to follow is contained
in the explanation of the subroutine 'SPRING'.
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: - skip this data if NDIPRE=0 (go to Loads).
C  Prescribed Displacement data is READ in 'DISPRE'----- >

Note: The above pair of arrows denote that the )
description of the data to follow is contained
in the explanation of the subroutine 'DISPRE'.
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C READ; Loads Manually Specified by User

- repeat the following data 'NVECT' times.

READ(5,1) (VHEAD(I,NV),I=1,15)

- a heading for clarity and user convenience,
(e.g. 'Point Load= 100 kips @ Joint 6').

READ(5,2) UDL

vhere,

UDL= The magnitude and sign of the
uniform Z load.
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READ(5,2) J1,J2,JLAST, (TLOAD(K) ,K=1,5)
where, :
J1,J2,JLAST= First, second and last joint
numbers of the joint sequence.
(TLOAD(K) ,K=1,5)= The magnitude and sign of the
nodal loads (order per Fig 1.1).
(repeat as often as necessary, end
with a 0,0,0, terminator line).
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C READ; Element Stress Printout Selection

- skip this data if MPRINT=0 or if MPRINT=the
total number of members (plate elements + beams).

READ(5,1) HEAD -

- a heading for clarity and user convenience,
(e.g. 'Selection of Printout').

READ(5,2) M1,M2,MLAST
where,

M1,M2,MLAST= First, second and last element
numbers of the series for which
the intermediate values will be
generated automatically (as
discussed in Section 2.1).

For these members the stresses
will be be printed.
(End with a 0,0,0, terminator line.)

e
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The subroutines which follow have been identified
in the discussion of the 'MAIN' part of the progrém.
These subroutines are optional and are called only
if the user specifies the appropriate parameters

as discussed previously.
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C READ-ins for *#*x

SUBROUTINE XSTIFFS #*%%==s===s=s=s=======

SUBROUTINE XSTIFFS *%%

C (READ-in Stiffness and Load from File(11) )
READ(11,99) NNODES,MSIZE

where,

where,

EKXTRA( , )=

ELOAD( ) =
cE===mmzmm==mmz==kEk¥

C READ-ins for **%*

READ(5, 1) HEAD

NNODES= The number of nodes for the extra element.
MSIZE= The size of the stiffness matrlx.
READ(11) (ERXTRA(I,J),J=1,MSIZE)

READ(11) (ELOAD(K) ,K= MSIZE)

The stiffness matrix for the
extra element.

The uniform unit load vector
for the above element.

SUBROUTINE COLCAP #*%*%¥==s=s==s====s=s=====

SUBROUTINE COLCAP ***

- a heading for clarity and user convenlence,

(e.g. '

*%x% Subroutine COLCAP*x*x'),

- repeat the following data "NRCOLS' times.

——READ(5,1) HEAD

where,

Note:

- a heading for clarlty and user convenience,
(e.g. 'Column A.1'),

READ(5,2) NCOLJN
READ(5,2) (JINTCOL(K,NR),K=2,NJP1)
L—>READ(5,2) AXSTIF,O0XSTIF,OYSTIF,XCENTR(NR),YCENTR(NR)

NCOLJIN= The total number of finite element

joints representing the column head,
(the column head consists of the
cross section of the column).
Point-sized columns usually
have only one column head joint.
Finite-sized column heads may
have any number of joints. In the
present version of the program the
centroidal stiffnesses are
distributed equally to all joints
specified below in JINTCOL( , ).
Because of this distribution a
typical rectangular cross section
should have only the 4 corner nodes
in JNTCOL( , ), regardless of how
many elements or joints are used
to represent the column head.
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JNTCOL( , )= The joint numbers located on the
perimeter of the column head.
These are the joints to which the
centroidal stiffnesses of the column
will be distributed to (equally).

AXSTIF= Axial stiffness of the column (AE/L).
OXSTIF= Flexural stiffness of the column for
rotation Ox (e.g. 4EI/L). _
OYSTIF= Flexural stiffness of the column for
rotation @y (e.g. 4EI/L).
XCENTR(NR)= X coordinate of column centroid.
YCENTR(NR)= Y coordinate of column centroid.
Note: These centroidal coordinates
are in the global system and are
used to transfer the centroidal
stiffnesses to the JIJNTCOL( ) nodes.

o=======z===z=z=z==z===¥%¥%¥ SUBROUTINE SPRING **%=================,
" C READ-ins for #%% SUBROUTINE SPRING %%

READ(5,1) HEAD .
- a heading for clarity and user convenience,
(e.g. 'Subroutine Spring Stiffnesses').

READ(5,2) NGRUPS
where,

NGRUPS= Number of spring groups. This grouping is
provided for cases where the same spring
stiffnesses is to be added to a number of
different dofs.

- repeat this data 'NGRUPS' times.
READ(5,2) IGROUP,NJNTS
READ(5,2) (JOINTS(K,NG),K=2,NJP1)
READ(5,2) (SPRSTF(K,NG),K=1,5)
READ(5,2) (PFACT(K,NG),K=1,5)
vhere,
IGROUP= Identification number (consecutive
integers) for spring groups which follow.
NINTS= The total number of joints in the group.

JOINTS( , )= The joint numbers of the group.

SPRSTF( , )= The spring stiffnesses to be added
to the 5 dofs of each joint.

PFACT( , )= Load modification factors which
permit the user to manipulate the
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load matrix. These 5 valﬁes are added
to the corresponding terms in the
current load vector(s).

J=m===============%%% SUBROUTINE DISPRE ***==============;==.
C READ-ins for **% SUBROUTINE DISPRE ##%%

READ(5,1) HEAD :
- a heading for clarity and user convenience,
(e.g. 'Subroutine for Prescribed Displacements')

READ(5,2) JOINT,JDOF, (RTEMP(K) ,K=1,NVECT)
(repeat this data line 'NDIPRE' times)
where,
JOINT= The number of the joint with the -
- prescribed non-zero displacement.
JDOF= The dof to which the prescribed
displacement applies (1,2,3,4, or 5).
RTEMP( )= Values of the prescrlbed dlsplacements
for the different load vectors.

The reason for this subroutine is to

provide a somewhat automated means of
~inputting data for 4-node elements.

The use of this subroutine can result in
‘substantial time savings for the user.

The approach in 'CONECT' is to form an element
"and joint matrix to represent the configuration
of the structure; the input consists of lines of
.data to define the rows of these matrices.

The subroutine operates from these two matrices.
The first matrix is a joint matrix with 'NX+1'
columns and 'MY+1' rows. The second is a

member matrix with 'NX' columns and 'MY' rows.
After the joint and member matrices are defined
the subroutine assigns nodes to the members by
'overlaying' the two matrices. For this reason
the subroutine is specifically intended for
4-node elements. Examples to clarify this
procedure are given in Section 3.7 and in
Chapter 4. The use of this matrix overlay
method does not restrict the user from

manually reassigning joint numbers to an
element later in the program.

Zero member numbers are permitted in the

member matrix; the zero number indicates

that no 4-node member is present and
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the next number is considered.

A subroutine of this type is particularly
useful for real structures such as the
typical floors presented in Chapter 4.

READ-ins for *%% SUBROUTINE CONNECTIVITY DATA #*%%

——READ(5, 1) HEAD _
- a heading for clarity and user convenience,
(e.g. 'Subroutine for 4-Node Elements').
-repeat this data 'NBLOCK' times.

READ(5,3) ICODE,NBLOCK,NX,MY
lwhere,
ICODE = A letter which identifies the data
being entered; if the letter 'B' is absent
then the subroutine assumes that block
' data input has terminated.
NBLOCK= The number of the data block being entered.
- Usually the entire structure can be defined
with only one'block' of data (i.e. one
joint and one member matrix) as illustrated
in Section 4.2. However, the designer is
free to use any number of blocks.
NX= Number of divisions in the X direction.
MY= Number of divisions in the Y direction.
Note: The size of the divisions in any
one direction need not be equal.

READ-in Joint Matrix
READ(5, 1) HEAD
- a heading for clarity and user convenience,
(e.g. 'Joint Matrix for Block 2').
READ(5,2) ICODE,JSTART,IROW,JCOL,JINCY,JYTOP
where,
ICODE= The letter 'J' to denote input of joint
data. The letter 'E' ends the input.
JSTART= The joint number at the lower left
corner of the block.
IROW= The row number of the joint matrix
in which JSTART is to be placed.
(Row 1 is the bottom row.)
JCOL= The column number in which JSTART
is to be placed.
(Column 1 is at the extreme left.)
JINCY= The increment to be added to JSTART from
_ one row to the next.
JYTOP=' The top joint number of the matrix, i.e.
the joint number at which the subroutine
stops generating rows of joint numbers.

RO
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(JTEMP(K),K=1,JLAST)

(repeat this data line 'NY1' times,

where,
JTEMP(

terminate prematurely with the letter 'E').

)= The joint numbers of 'IROW',

READ-in Element Matrix

READ(5, 1)

HEAD

- a heading for clarlty and user convenience,

(e.
READ(5,2)
where,
ICODE=

MSTART=

I ROW=

JCOL=
MINCY=
MYTOP=
READ(5,2)

where,

g. 'Element Matrix for Block 2').
ICODE ,MSTART, IROW,JCOL ,MINCY ,MYTOP

The letter 'R' to denote input of a row
of rectangles only. .

The letter 'Q' to denote input of a row
mixed with rectangles and quadrilaterals
(or quadrilaterals only).

The member number at the lower left corner.
in which MSTART is to be placed.

The row number of the member matrix

in which MSTART is to be placed.

(Row 1 is the bottom row.)

The column number in which MSTART

is to be placed.

(Column 1 is at the extreme left.)

The increment to be added to MSTART from
one row to the next.

The top member number of the matrix, i.e.
the member number at which the subroutine
stops generating rows of member numbers.

(MTEMP(K) ,K=1,MLAST)

(repeat this data line 'NY' times,
terminate prematurely with the letter 'E').

MTEMP( )= The element numbers, input row by row.

A large number of options exist in using
this portion of the program:
(1) Specify all the numbers of the row.
(2) 1f MTEMP(k) is zero then a zero
is entered in the member matrix; the
interpretation of this zero is
that a 4-node element does not appear
in this location.

(3) 1f MTEMP(k)<0 then the entire row does

not have to specified and the program
generates a sequential series which
is determined by the three values of
MTEMP( ) which follow the negative
sign, This option can be used
repeatedly in a given row and
intermixed with numbers specified
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manually. For example, the data line:
4,5,-2,6,22,75,76,-3,7,23,0,
should generate the following row:
4,5,2,6,10,14,18,22,75,76,3,7,11,15,19,23
In lieu of the above, the user can
choose to specify the connectivity
data manually, element by element,
later in this subroutine or in MAIN,
Note: Quadrilateral elements in the element
matrix are distinguished from rectangles
- by adding the integer '4000' to the
quadrilateral element number.
For example, quadrilateral number 5
would be input as '4005' in MTEMP( )
while rectangle number 5 would be
input simply as '5'.

C '—>End of READ-in for Blocks

READ(5,1) HEAD
- a heading for clarlty and user convenience,
(e.g. 'Additional 4-Node Elements').

READ(5,2) ICODE,NEL, (JTEMP(K),K=1,4)
(repeat the above data line as often as
required, terminate with 'E'.) : '
where, . i
ICODE= The letter 'R' to denote 1nput for a
group of rectangles.
The letter 'Q' to denote input of a
group of quadrilaterals.
NEL= The member(rect. or quad.) number.
JTEMP(K)= The global joint numbers of the
rectangular or quadrilateral element.
(start numbering at extreme left corner
and proceed counterclockwise,
see Fig. 1.3 for assumed order).
(Terminate with the letter 'E'.)

C READ-in of Rect. Element Grouping
READ(5, 1) HEAD
- a heading for clarity and user convenience,
(e.g. 'Grouping of All Rect. Elements').

READ(5,3) ICODE,IGROUP, (MTEMP(K),K=1,50)
(repeat the above data line as often as
required, terminate with 'E'.)
where,
ICODE= The letter 'R' to denote input for a
group of rectangles.




IGROUP= The group number for the elements.
MTEMP(k)=The elements of the group. Where, as

before, a negative sign denotes that
the 3 integers which follow deflne

a series,

(Terminate with the letter 'E').

C READ-in of Quad. Element Grouping
READ(5, 1) HEAD

where,

- a heading for clarity and user convenlence,
(e.g. 'Grouping of All Quad. Elements').

READ(5,2) (MTEMP(K),K=1,NQUADS)

MTEMP(k)= The group to which element 'k'

belongs.

,================%%% SUBROUTINE GRDATA **%========s==s====
C READ-ins for #%% SUBROUTINE GRDATA #%# (Group Data).

READ(5, 1) HEAD

- a

EX1=
EY1=
POISX=

GXY=

ECC2=

THICK=

heading for clarity and user convenience,

(e.g. 'Group Data - Trias, Quads, Polygons')

READ(5,2) EX1 EY1,POISX, GXY THICK, ECC2
where (as before)
‘Modulus of elasticity for uniaxial

loading only in the X direction.
Modulus of elasticity for uniaxial
loading only in the Y direction.
Poisson's ratio as measured when only
the uniaxial Y load is present.

Shear modulus of elasticity as
measured from a pure shear condition.

Note: The above elastic constants are

independent of each other. It is
assumed that: EX1% POISY= EY1% POISX.
The thickness of the plate element.
Eccentricity e, of the offset plate
element; non-zero only when a plate
element is being used to represent
an eccentric stiffener.
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READ(5,2)
(r

where,
IGROUP=

INPLAN=

IPROP=

XNODES ( -
XNODES (
READ(5,2)

- This
if IP

IGROUP, INPLAN, IPROP, (XNODES(K) ,K=1,NNODES)
(YNODES (K) ,K=1,NNODES)

epeat above 2 data lines 'NTTYPE',

NQTYPE' or 'NPTYPE' times.)

The group number; these numbers

must be consecutive integers

starting from unity.

0 ---> in-plane dofs are zero,

1 ---> midsurface displacements are
non-zero and the in-plane
stiffness matrix is calculated.

0 ---> no change in the elastic constants,
thickness or eccentricity,
1 ---> gpecify new values for the above;

these new values will be used until
re-specified. '
)= X coordinates of the element group
(in a local coordinate system).
)= Y coordinates of the element group
(in a local coordinate system).
EX1,EY1,POISX,GXY,THICK,ECC2
data line is only required
ROP=1 (or non-zero).
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Chapter 3

SIMPLE EXAMPLE PROBLEMS

3.1Alntroductory'Comments

The examples problems presented in this chapter are of
a simpie nature and are intended to demonstrate how the
inpuf data is specified for the various element shapes. The
use of the singularity elements is not included.
| An’éxample of the output is provided. The stress
'6utpﬁt,for the most part is self-ekplanatofy and consists
first of nodal stresses for each element folléwed by a
printout of the nodal forces which keép the element in
equilibrium. Sample output data is exaﬁined in more detail
in Chapter 5. |

The default values for files 1,2 and 3 into which the
graphical data is stored are:
1=-100 - 2=-200 and 3=-300
The user can over-ride these values by specifying alternate
valués.in the 'RUN' command. Examples of graphical plots

are given in Chapter 6.
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3.2 Simply Supported Rectangular Plate

AY
5 10 15 20 25
13 14 15 16
4 9 14 19 2%
3 0 10 11 12
ilob 8 13 18 23
0
o
@ 5 6 7 8
b 7 12 17 2
1 2 3 4
| 6 1 16 2,
X
4@ 5.0"=20.0"

Figure 3.1 Simply Supported Rectangular Plate.

The above simply supported rectangﬁlar plate is chosen
_as the first example because it requires the least amount of
input data. Only one load vector is considered and the.
loading is assumed to be a uniformly distributed gravity
load.

The data file for this problem follows and is
accessible to other users on the same system from
CIVE:HYBSLAB.TD(1000,1099) .

To run the problem, type in the following:

" $RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(1000) 6=-1 t=3s
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1000 “Rect. S.S. Plate, Uniform Load; MAN.egs(1000),
1002 Units: Kips and Inches. Rectangles only.
1004 16,0,0,0,0, 0,0,0,0,0,0,

1006 1,0,0,0,0, 0,0,0,

1008 . 25,0,1,16,0,0,

1010 . SUPPRESSED DOF’'s ,
1012 1,2,25, 1,1,1,0,0, {---This line eliminates in-plane dof's
1014 1,2,5, 0,0,1,0,0,

1016 21,22,25, 0,0,1,0,0,

1018 6,11,16, 0,1,0,0,0,

1020 10,15,20, 0,1,0,0,0,

1022 1,5,0, 0,0,0,0,0,

1024 21,25,0, 40,0,0,0,0,

1026 0,0,0, ' :

1028 - *%*xSUBROUTINE C O N N E C T**=*
1030 B1,4,4,

1032 Joint Matrix 1

1034 Ji,1,1,1,5,

1036 -1,6,21,

1038 E

1040 Member Matrix |

1042 R1,1,1,4,13,

1044 -1,2,4,

1046 E

1048 E

1050 Additional Elements

1052 E

1054 Grouping of Elements

1056 R1, -1,2,16, :

1058 E

1060 RECTANGLES

1062 - 0,0,0,

1064 Group Data for Rectangles

1066 27300.,27300.,0.3,10500., 0.1,0.0,
1068 1,0,0, 5.0,2.5,

1070 COORDINATES

1072 1,0.,0.,

1074 0,0,0,

1076 Gravity Load ( g= -0.2 ksi)

1078 -0.20,

1080 0,0,0,

1082 Stop

1084 .

1086

1088

1090

End of file
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3.3 The Use of Master and Slave Nodes

*Y
5 10 15 20 25
13 14 15 16
4 9 14 9 24
g 9 10 11 12
] 3 3 13 18 23
0
[aY]
® 5 6 7 8
<
2 7 12 17 22
1 2 3 4
] 6 n 16 21
4@ 5.0"=20.0" X

Figure 3.2 Plate with Master and Slave Nodes.

The same plate as in the previous example is used to
demonstrate the use of master and slave nodes. Joint 4 is
assigned the same Oy value as joint 2. The W degrees of
freedom for each of joints 9, 17 and 19 is set equal to that
of joint 7. The data file is otherwise the same as the
previous one in Section 3.2,

The data file for this problem follows and ié
accessible to other users from CIVE:HYBSLAB.TD(1200,1299) .
To run the problém, use the following: |

$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(1200) 6=-2 t=3s



1200

1202
- 1204
1206

1208 |

1210
1212
1214
1216
1218
1220
1222
1224
1226
1228
1230
1232
1234
1236
1238
1240
1242
1244
1246
1248
1250
1252
1254
1256
1258
1260
1262
1264
1266
1268
1270
1272
- 1274
1276
1278
1280
1282
1284
1286
1288
1290
1292
1294
1296
1298

mm.o=m c.c.m NN OoN
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Rect. S.S. Plate, Uniform Load; MAN.egs(1200),

Units: Kips and Inches. (Rectangles & Master Nodes)
16,0,0,0,0, 0,0,0,0,0,0,

1,0,0,0,0, 0,0,0,

1,2,25,
1,2,5,

<---This line eliminates in-plane dof’s

N

e e e O a2 OO0 —

— 2
c

v B

O

b= v B

m

wn-

w

m

oO-
B -

“ - - - = = - N

T = - - -
NG = N

Ce - =

|—LO—L

Additional Elements

E
Grouping of Elements

_R1, -1,2,16,

E

RECTANGLES

0,0,0,

Group Data for Rectangles

27300.,27300.,0.3,10500., 0.1,0.0,
1,0,0, 5.0,2.5,
COORDINATES
1,0.,0.,
0,0,0,
Gravity Load ( g= -0.2 ksi)
-0.20,
0,0,0,
Stop

End of file
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3.4 Triangles and Polygons (Flexure Patch Test)

21 22 27

p20

4@ 2.5"=10.0"

P—2 b10

O~‘
~
<Y

1 12
25"J 5.0" 10.0”
I

Figure 3.3 Plate Represented by Triangles and Polygons.

The plate shown above consists of triangulér and
polygonal elements. Loading is by prescribed displacements
along the edges of the structure. The prescribed
displacements are such that they should cause a condition of
constant curvature in the structure (Hrabok,1981). The
in-plane displacements are assumed to be zero.

The data file for this problem fo;lows and is available
"to other users from CIVE:HYBSLAB.TD(2000,2299) . To run this
problem, use the following: |

$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(2000) 6=-3 t=3s
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S.S. Plate, Constant Curvatures, MAN.egs (2000),

Units: Kips and Inches. Triangles and Polygons.
0,0,16,0,0, 0,4,0,0,0,60,

4,0,0, 0,1,0,

,20,0,0,

SED DOF's

' 191!110101

o

—o who
5
MNUoo-
> v B
M —

OOUIBWN 2O WO~OUTHWN = O < T~
-

S
7
L
1
3
4
6
1
1
1
1
1
1
1

OO ~3- - -

0
1

“ m e w e e e e e e e e . e 2O

BWOBWNANADRWPRWONAN -

—t b amd b el b b

26.20,27,

+% SUBROUTINE GRDATA ** (Triangles)
27300.,27300.,0.3,10500., 0.1,0.0,
1,0,0,
2,0,0,
3,0,0,
4”0’0’

POLYGONS

'

OOOOOOOO
oONONNMNDNO
(4] (SN NS R6) ]

IO W NDNDODNOONON

0,0,0,

*xx SUBROUTINE DISPRE %
1.0,
3.0,
2.0,
421.,
53.,
82.,
1641.,
103.,
162.,
166.,
63.,

B i B B JY Y ~ N R A
N WN -2 WN = WN —

— —h



2118
2120
2122
2124
2126
2128
2130
2132
2134
2136
2138
2140
2142
2144
2146
2148
2150
2152
2154
2156
2158
2160
2162
2164
2166
2168
2170
2172
2174
2176
2178
2180
2182
2184
2186
2188
2190
2192
2194
- 2196
2198
2200
2202
2204
2206
2208
2210
2212
2214
2216
2218
2220
2222
2224
2226
2228
2230
2232
2234
End of f11e

11,3, 27.
17,1, 2306.
17,2, 163.,
17,3, 187.,
21,1, 631.,
21,2, 123.,
21,3, 52.
24,1, 1551, )
24,2, 173.
24,3, 132.,
27,1, 3271.,
27,2, 223.,
27,3, 212.,
2,1, 31.
2,2, 15. 5
2,3, 22.,
3,1, 241.
3,2, A40. 5
3,3, 62.,
5,1, 651,
58,2, 65. 5
5,3, 102.
6,1, 1261
6,2, 90. 5,
6,3, 142.
8,1, 46.,
8,2, 33.
8,3, 14. 5
10,1, 1936.
10,2, 133.,
10,3, 174.5,
18,1, 361.,
18,2, 93.,
18,3, 39.5,
20,1, 2751.
20,2, 193.,
20,3, 198.5,
22,1, 1786.,
22,2, 135.5,
22,3, 72.
23,1, 1246..
23,2, 160.5,
23,3, 112.,
25,1, 1906.,
25,2, 185.5,
25,3, 15b2.,
26,1, 2766.,
26,2, 210.5,
26,3, 192.,
No Loading
0.0,
0,0,0,

Stop




3.5 Quadrilaterals (Flexure and In-Plane Patch Tests)

AY
15 16 17
Q-11 Q-12
13 12
3 Q-3 Q-4
" 12
5 10
8] |a-9 a-10
R 6 7
o Q-1 Q-2
s — 4 (]
8 1 Q-5 |/ Q-6 |,
2.5" 5.0" 25" _ 10.0” X
I | g

Figure 3.4 Plate Represented by Quadrilaterals.

The plate shown above consists of quadrilateral
elements with and without reentrant corners. Two load
vectors are considered, both are in the form of prescribed
displacements along the edges of the structure. The first
load case is a 'flexural' loading and should cause
conditions of constant curvature throughout the structure.
Thelsecbnd load case is an 'in-plane' loading and should
cause conditions of constant strain at all points;

The data file follows and is available from
CIVE:HYBSLAB.TD(2300,2599) . To run the problem:

$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(2300) 6=-4 t=3s
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2300 Constant Strains and Curvatures; Quads.,’MAN.egs(2300f’

2302 Units: Kips and Inches.
2304 0,0,0,12,0, 0,0,0,0,0,40,
2306 0,0,0,3,0, 0,0,0,
2308 17,0,2,12,0,0,
2310 SUPPRESSED DOF’s
2312 0,0,0,
2314 ***SUBROUTINE C O N N E C Tx*x
2316 - E
2318 QUADRILATERALS
2320 1,1, 1,4,9,6,
2322 2,1, 2,5,10,7,
2324 3,1, 8,11,16,13,
2326 4,1, 9,12,17,14,
2328 5,2, 1,2,9,4,
. 2330 6,2, 2,3,10,5,
2332 7,2, 8,9,16,11,
2334 8,2, 9,10,17,12,
2336 9,3, 1,6,9,8,
2338 10,3, 2,7,10,9,
2340 11,3, 8,13,16,15,
2342 12,3, 9,14,17,16,
- 2344 Group Data for Quadrilaterals
2346 27300.,27300.,0.3,10500., 0.1,0.0,
2348 1,1,0, 0., 7.50, 10., 2.50,
2350 0., 1.25, 5., 3.75,
2352 2,1,0, 0., 10.0, 10., 7.50,
2354 0., 0.0, 5., 1.25,
2356 3,1,0, 0., 2.50, 10., 0.0,
- 2358 0., 3.75, 5., 5.0,
2360 COORDINATES -~
2362 1,0.,0.,
2364 0,0,0,
2366 *%x% SUBROUTINE DISPRE *x*x*
2368 1,1, 1., 0.,
2370 1,2, 3., 0.,
2372 1,3, 2., 0.,
2374 1,4, 0., 1.,
2376 1,5, 0., 4.,
2378 2,1, 421., 0.,
2380 2,2, 53., 0.,
2382 2,3, 82., 0.,
2384 2,4, 0., 21.,
2386 2,5, 0., 54.,
2388 3,1, 1641., 0.,
2390 3,2, 103., 0.,
2392 3,3, 162., 0.,
2394 3,4, 0., 41.,
2396 3,5, 0., 104.,
2398 8,1, 166., 0.,
2400 8,2, 63., 0.,
2402 8,3, 27 ., 0.,
2404 8,4, 0., 16.,
2406 8,5, 0., 34.,
2408 10,1, 2306., 0.,
2410 10,2, 163., 0.,
2412 10,3, 187., 0.,
2414 10,4, 0., 56.,
2416 10,5, 0., 134.,




2418

15,1, 631
2420 15,2, 1283
2422 15,3, 52
2424 15,4,
2426 15,5,
2428 16,1, 1551
2430 16,2, 173
2432 16,3, 132
2434 16,4,
2436 16,5,
2438 17,1, 3271
2440 17,2, 2283
2442 17,3, 212
2444 17,4,
2446 - 17,5,
2448 .No Loading
2450 0.0,
2452 0,0,0,
2454 No Loading
2456 0.0,
2458 . 0,0,0,
2460 Stop
2462 .
2464
2466
2468

End of file

e W e e e e W W W e e = = = =
-—

OO, 20O00C0C -~

est for Flexure)

o
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0
o
—fe e e e = e =

(In-Plane Patch Test)

51



52

3.6 L-Shape and Transition (Pure Twist Test)

Yy
50" | 50
% *7 s 3
o
®
<— 95 A—1
o
[T¢]
3 4
5 L—1
o
1 2 =
20.0" X

Figure 3.5 Plate with L-Shape and Transition Elements.

The square plate shown above is represented by an
L-shaped element and a rectangular transition element.
Three of the four corners are simply supported and the
fourth corner is loaded in the Z direction. This is a test
case for pure twist and is presented to demonstrate that
these elements are capable of modelling this type of
behavior exactly.

The data file for this problem follows and is
accessible to other users from CIVE:HYBSLAB.TD(2600,2799) .
To run the problem, use the following:

$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(2600) 6=-5 t=3s
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2600  Pure Twist; L-Shape & Transition Element,’ MAN.egs(2600)’

2602 Units: Kips and Inches.
2604 0,0,0,0,1, 1,0,0,0,0,0,
. 2606 0,0,0,0,1, 1,0,0,
2608 9,0,1,2,0,0,
2610 - SUPPRESSED DOF's
2612 1,2,9, 1,1,1,0,0,
2614 1,2,2, 0,1,1,0,0,
2616 6,6,0, 0,1,1,0,0,
2618  0,0,0, :
2620 - L-Shape
2622 1,1, 4,3,1,2,9,8,
2624 L-Shape Group Properties
2626 -27300.,27300.,0.3,10500., 0.1,0.0,
2628 1,0,0, 10., 0., 0., +20., +20., +10.,
2630 ' 10., +10., 0., 0., +20., +20.,
2632 " Transition Element
2634 1,1,6, '3,4,8,7,6,5,
2636 ' Transition Group Properties
2638 27300.,27300.,0.3,10500., 0.1,0.0,
2640 1,0,0, 10.,10.,
2642 0., +10., +10., +5., 0., 0.,
2644. 0., 0., +#10., +10., +10., +5.,
2646 COORDINATES
2648 1,0.,0.,
2650 0,0,0,
2652 Pure Twist Loading
2654 0.0,
2656 9,9,0, -1.0,0.,0., 0.,0.,
2658 0,0,0, :
2660 Coordinates
2662 Stop
2664 .
2666
2668

End of file
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3.7 A Variety of Elements (Pure Twist Test)

AY
__ln 2 13 14 15
T-3
R-6 Q-5 N\
2] )
16 18 23 A—1
Q-3
Q-2 Q-4 924
< 19
S
R L J 22 25
© 20
®
<
Q-1 P-1 R—-5
T-1
6 7 8 9 10
R-1 R—-2 R—-3 R—4
— % 2 3 2 "
. 4@ 6"=24" N

Figure 3.6 Plate with a Variety of Elements.

The square plate shown above is represented by a
variety of element shapes. Three of the four corners are
simply supported and the fourth corner is loaded with a
point load'in the Z direction. This is a pure twist test
case similar to the previous example but with more shapes.
It is presented to demonstrate that these elements are
capable of modelring pure twist behavior exactly. Simiiar
tests could be done for pure bending and constant in-plane
strains.

The data file for this problem follows and can be
copied by other users from CIVE:HYBSLAB.TD(2800,2999) .

To run the problem, use the following:
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$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(2800) 6¥-6 t=3s

This problem will also be used to describe the matrix
overlay technique used in the subroutine 'CONECT'. This
subroutine-is used to define the connectivity data of 4-node °
elemeﬁts. The desired joint matrix for this plate is shown

below and is generated from lines 2824-2842 of the data

file.
11 12 13 14 15
16 18 21 23 24
17 19 20 22 25
6 7 8 9 10

1 2 3 4 5

The 4-noded element matrix which is overlaid on the
above joint matrix is shown below. The rows with the

bracketed quantities are not part of the input matrix.

6 4005 0 0
(R-6) (Q-5)
4002 4003 4004 0
(Q-2) (Q-3) (Q-4)

4001 0 0 5
(Q-1) (R-5)
1 2 3 4
(R-1) (R-2) (R-3) (R-4)

Lines 2844-2862 of the data file geherate the above element
matrix. The connectivity of the remaining elements is input

in "MAIN'.



2800

. 2802

2804
2806
2808
2810
2812
2814
2816
2818
2820
2822
2824
2826
2828
2830
2832
2834
2836
2838
2840
2842
2844
2846
2848
2850
2852
2854
2856
2858
2860

2862 -

2864
2866
2868
2870
2872
2874
2876
2878
2880
2882
2884
2886
2888
2890
2892
2894
2896
2898
2900
2902
2904
2906
2908
2910
2912
2914
2916

Test Case with a variety of Elements,’ MAN.egs(2800)’
UNITS= feet, Kips .

6,0,3,5,0, 1,1,0,0,0,0,

2,0,3,5, 0, 1,
25,0,1,16,0,0
Suppressed D.
1,2,25, 1,1

1
0.
1,1
, 0,1,
0,1,

- Ul
O -
- O
o- -
QO —
L -

**SUBROUTINE C O N N E C Taxx

. v et
N=T
=S IO DO W= - -
E-3

[e) 2

D L R Y
Nlw = = = <« Jl—

- e NN - B
O~
N~

— —

g_ R
o

-~ OOONO ===
ShlwInL

GoapnoonlLs
bbgbbb‘;§

-

1
1
0
B
J
J
J
1
J
1
J
E
M
R
Q
4
Q
4
R
6
E
E
A

dditional Elements

E
Grouping of Rectangles
R1, -1,2,5,
R2, 6,0,0,
E
Grouping of Quadrilaterals
1,2,3,4,5,
RECTANGLES (in MAIN)
0,0,0,

Group Data for Rectangles
27300.,27300.,0.3,10500.,0.5,0.,
1,0,0,-6.0,6.0,

2,0,0, 4.0,6.0,

TRIANGLES

1,1, 8,9,22,

2,2, 13,21,23,

3,3, 13,238,14,

Group Data for Triangles

27300.,27300.,0.3,10500.,0.5,0.

110701 O ’ 6-! vy
0., 0., 6.,

2,0,0, 0., 2., 6.,
0.,-4.,-6.,

3,0,0, 0., 6., 6.,
0.,-6., 0.,
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2918 QUADRILATERALS
2920 3,3, 18,19,20,21,
2922 0,0,0,
2824 Group Data for Quadrilaterals
2926 27300.,27300.,0.3,10500.,0.5,0.,
2928 1,0,0, 0., 6., 8., 0.,
2930 0., 0., 8., 6.,
2932 2,0,0, 0., 8., 4., 0.,
2934 : -6., -4.,0., 0.,
2936 3,0,0, 0., 4., 8.,10.,
2938 0.,-4.,-6.,+2.,
2940 4,0,0, 0., 6., 6., 2.,
2942 - 0., 0., 6., 8.,
2944 5,0,0, ©0.,10., 8., 0.,
2946 0., 2., 6., 6.,
2948 TRANSITIONS
2950 1,1,6, 22,25,24,15,14,23,
2952 Group Data for Transitions
2954 27300.,27300.,0.3,10500.,0.5,0.,
2956 1,0,0, 6.,12.,
2958 : 0., 6.,6.,6., 0., 0.,
2960 0., 0., 4.,12.,12., 6.,
. 2962+ P OLYGONS
2964 1,1,5, 7,8,22,20,19,
2966 Group Data for Polygons
2968 27300.,27300.,0.3,10500.,0.5,0.,
2970 1,0,0, 0., 6.,12., 6., 2.,
2972 0., 0., 6., 6., 8.,
2974 COORDINATES
2976 1,0.,0.,
2978 0,0,0,
2980 LOADS
2982 0.D0, '
2984 55,0, -10.,0.,0.,
2986 0,0,0,
2988 End

End of file
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3.8 Square Plate with Edge Beams
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Figure 3.7 Plate with Edge Beams and Columns.,

The above plate is 5.25 inches thick, supported by
corner columns and has eccentric edge beams. The beams are
12.0 inches wide and have an overall depth of 8.25 inches.
The columns are modelled as finite sized supports. The
eccentric stiffeners are represented by line beams on two
edges and as offset plates along the other two edges. A
single point load is applied at the centre of the plate.

The data file follows and is available from
CIVE:HYBSLAB.TD(3000,3199) . To run the problem:

$RUN CIVE:HYBSLAB‘5=CIVE:HYBSLAB.TD(3000) 6=-7 t=3s .



BEAM and COLUMN PLATE; 5=MAN.egs(3000)
UNITS=FEET, KIPS.

28,8,0,0,0, 0,0,0,4,0,0,

4,2,0,0,0, 0,0,0,

E .
Member Matrix 1
R1,1,1,1,4,

Additional Elements
R25, 40,41,34,33,
R26, 42,43,39,38,
rR27, 8,9,2,1,

E

- Grouping of'Rectangular Elements.

R, -1,2,16,

R2, 21,22,23,24,

R3, 17,18,19,20,

R4, 25,26,27,28,

E

RECTANGLES (in MAIN)
0,0,0,

Rectangle Group Data

528480.,528480.,0.15,229774., 0.4375,0.0,

1,0,0, 4.00,4.00,

2,0,0, 1.00,4.00,
3,0,0, 4.00,1.00,
4,0,1, 1.00,1.00,
528480.,528480.,0.15,229774., 43.75,0.0,
BEAMS - Connectivity Data
1,2,4, 1, 34,35,1,1,
5,0,0, 2, 34,27,-7,-7,
6,7,8, 2, 27,21,-6,-6,
0,0,0, .
Beam Group Properties
1,528480.,0.15,0.68750,0.027080,0.057292,0.061400,+0.50,+0.1250,
2,528480.,0.15,0.68750,0.027080,0.057292,0.061400,-0.50,+0.1250,
COORDINATES
34,1.,1., .
33,0,0, 0.00,1.00,
40,0,0, 0.00,0.00,
41,0,0, 1.00,0.00,
42,0,0, 17.00,0.00,



3118

3120

3122
3124
3126
3128
3130
3132
3134
3136
3138
3140
3142
3144
3146
3148
3150
3152
3154
3156
3158
3160
3162
3164
3166
3168
3170
3172

43,0,0, 18.00,0.00,
0,0,0,
*x*k*xk SUBROUTINE COLCAP*****
Column 1
4,
33,34,40,41,
15000., 4500., 4500.,0.50,0.50,

" Column 2

4,

38,39,42,43, o

15000., 4500., 4500.,17.5,0.50,

Column 3

4,

1,2,8,9,

15000., 4500., 4500.,0.50,17.5,

Column 4

4,

6,7,13,14,

15000., 4500., 4500.,17.5

CSntBal Point Load (P = 1
.DO,

,17.5,
00. Kips)

- 23,23,0, -100.,0.,0.,0.,0.,

0,0,0,

étop

End of file
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Chapter 4

FULL SCALE EXAMPLES

4.1 Introductory Comments
The examples presented in this chaptet are taken from
practise.  They are used to giye the user representetive
samples of data files required for various typical floors.
| At.preeent only one practical example is given.

Additional examples will be added as they become available.

4.2 A Typical Flat Plate Floor System

To illustrate the use of the program HYBSLAB and to
demonstrate the feasibility of using this program for the
analysis of reallfloor systems, the floor plan shown in
Figure 4.1 was chosen. It is a typical fleor ofva recently
constructed 17'story condominium apartment building. This
plan is characterized by an irreéular layout of columns,
large openings, cantilevered corners and load bearing walls.
All of these features make it particularly difficult to
choose a set of equivalent frames for analysis purposes. It
is therefore the type of problem which is ideally suited for
a finite element analysis. |

The floor plan shown in Figure 4.1 has overall plan
djmensions of 109.0 feet by 81.7 feet and alslab thicknees
of 7.0 inches. The concrete strength was assumed to be 3500

psi and only a uniform load of 0.225 ksf was considered.
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The finite element gridwork is shown in Figure 4.2. A
total of 504 joints and-430 elements were used. The data
file for this problem follows the figures and is available
to other users from CIVE:HYBSLAB.TD(5000,9999) .

To run the problem, use the following:

$RUN CIVE:HYBSLAB 5=CIVE:HYBSLAB.TD(5000) 6=-1 t=40s . Due
to the time requirement for a complete analysis, this job
should be submitted as a BATCH job at DEFERRED priority. To
plot the grid alone (connectivity check) 3 seconds should be
adequate. The stress output for this problem is not

provided. -



63

w o v -4 w o w o w0 o W o w o o
~ ~ o o i w <+ + N ") LY o - — v
w
of 18
< 2
-3
8 48
° 2
" Jw
® L | »
-3 40
L] (]
w Jw
] o
o l 40
@ o
¥ —— l [:] . 42
[
o o
~ . I~
w w
w w
o (=3
"] ("]
w uy
w n
o
2
w._ 1w
<+ +
- ——
ol -
+* <+
w Ju
L L
-3 o
st i | I &
w 1w
[Y] 1]
° °
o in
" 1 1o
o lo
wpr w
° . . . . I °
w o w o ] o " - w Q w o w o o
~ ~ ©w w w w < -+ ~ L o o~ - - .

Figure 4.1 Plan of Floor 1.



64

g6h

LEh

86h

86h

00S

108

208

£0S

K0S

geh tATwY2sE sy unEEey ome.ﬁ 2V se C..a— Tre YT YT
tenfsTRTESEY U chener T uvwhEte Y wse e teTe b e T ter TS TP e T fuT P e ¢ ov T v m IRy et
.l
sehIFTRT weE Y TzE Y BnefseE P 1o Y Toe Y o5 T eEc YETe Y e T YT P eST Y uET Y6 T 113 LA LR LR AT T A
GERTTTIAY] SBET Lt | BhE ] 9t Y eor Y 2oe T vuctofictucetuuetuwTYuuTecT YueTUUT [ 1i}:) TH e €T
ohh YETHT SsE Y ErE Y use Y ree teue Y eve Y 19e tThe e tIoe o7 FTITPORT 7T 1T TSy et set
)L T R g 0k S n it 202 PeuTiesT e =
BIRY ZsEY HrE T TS Y wue Y wue EECVEATA £LI0 S0 ALIR RATR ALIS EL10 aAd L F
[4:4}

R R Rt ventese by tese beer bsur buve eve e brec tnoe trs T trs Tt e bt v T s o s sz 97
BER T BT 09N T ERn Y Ten e b ore \Ese{ ver tyor $yge thue tane thee Psoe Psu Tt T e R T e T RO T L1 2 -3 N T
0L T e RN 313 A (R O TIEP ST REE L9z Sy Skt szt P BT Hog T dwh T ¢t seT 1 50T [2: GRE 1R V1 VAR )
mwmmkmmxn gy BLEISSE

XL o130 R T A0 9 T8 812 @40 ) 4 ceg preTtraTYenTYueT IOt ved—Ur TS TET 67
)
TER Y cOn T EyR T uhn T men T eun TgEtISEPHEEDT —oaeq FesT TeyTYuneyr T o 3} Tt e ke iThese
603 PEETYEITTENLYEL B T U6 <er 1 ESME
CEN Y EYRN T WUR T TR Sen EUn TeEtusetvewtE
1 iR Egas T e 06T TOrT tUSERuEY oty 11:3 JR>TA Bl 1R 3%
EER Y HUR T SUN SR Y 9ZH Y RUR T eBE T ESETUET
(183 8174 £5 14 €214 £54A B AL LA A1 10 A1 B A CA S AL L T4 S48 roa
1.0 = st rentsondver fosttrEr b tus Yese tune tuec b eTe tes T ber T des T ee Tt e ot us kT
89k tUSH Y gen T yun T REE YIsE tesr tsTE e Yeoe e teee e e BT Yer T Y ES T Y EET N Y L L AR 1
BT TSH Y Ben T CONT SBE T CUE T 6CE YUTE Y e6e T UL USC Y UEe i P hsT P RZT P ST Y RET Y STT T S5 7 us kT
— =
[TAR =00 0 1o R ORI 1050 5002 =100 I
LIETesq e st e s Te PeeT s TSSTYSET oY 1} (140 SN 40 121
LAY ES Y TER Y BUR T Tee Ao P TRE YO TE Y Hee Pere tese z —
e 9T gs T 9T T ESE P IET > 27T TE" 67 4 U9*rn
LSy ecen Y TRt veE ST P ene PETE PSEe e TESC e
ELh PSSR EER T TTH T EuT uJ LR T4 0 & LT-A 8 T4 & 1T 8 14
heh T USHY RERT CIRTUBE Yo Y At Y 1ecE Y262 YSZCc TS5 TSEC
S Y TSR SER Y ETH T TEE YeE Y she Y cer tuse ture tysedute

Figure 4.2 Designer”s Layout of Finite Element Mesh.



65

‘El‘6‘8- ‘9'Cc'i-

‘OOt 1Y

I Xtdiey Jaquay

. 3

‘1LY ESY LEP 6OV LBE‘VOE ' LVE ‘BLE VBT TLL ‘TST CELT

‘9€T‘I *€l ‘64 ‘TETP
.wwv.Omv.va.wOv.vwm.vwm.wmm.mpm.vmw.mww.mvw.mww.mww.mmw.mh—‘mmv.mmw.vwv.vm.wb.hm.wm
‘tv*iL‘e‘ol ‘gep

‘E0S'EBY V8P ‘GO ' BYY 9TP YOV ' TBEBSE OEEELEBBT LIT LYT LTT LIT LELLLL LG LEL" va ce'vL’ mm 9€
‘LE*L*E'VL"9EN

‘E0SE6Y ' vBY GOV 'BYY ' 9TV YOV ‘TBE '6GE ‘OEE'CTIE'B8T 99T 9V 9T ‘OLT ‘061 *OL} ‘0S} ‘O * Owe I6°€EL’ vm S€
‘0'0'e‘eEr ‘ger
.POm.«mv.va.mww.wvw.vwv.NOV.me.hmm.vmm.mOM.0.0.0.0.mON.wwv.ww—.hvw.hwv.hcv.mm.ph.wm.mm
‘GECLELL” mm1

wme 98V 'OLY "8G I PV 6IP LEE VLE L GE'BCE ' VYOE YBT TOC ' CPT TTT E€OT €8I ‘€91 ' IpL ‘2T 2O ‘' VB 99" Lp" hN St‘g

‘OL'L*1'9" m3

‘6EV LIV GBE'TLE‘BYE ' 9CETOE TBT ‘09T ‘OPT*OTT 00T " Ow— 091 ‘6€1 '0CTI ‘001 ‘T8 VO ‘GY* vN EL‘E
‘STt tpt mj

‘LEV'GLY'EBE‘OLE' LVE  ¥TE ' OOE ‘08T " 8GC°8ET 81T 86! 8L ‘8SI “LEI ‘8) 'B6°08°‘C9‘Cr" NN LYl
‘TrCLtEED

"OEP VIV CT6E 69EOVE'ETE 66T LLT LST LET LIT L6 LL}
‘BLELULLTLCLLLD
t Xtdajyew utop

i i 4AR-TANE:
*xxL O 3 NN O D 3INILNOYIANS xxx
‘0‘0'0
‘0‘0'0‘t‘0 ‘O ‘zie‘sse
‘0‘0‘0‘1L‘0'99e‘9vT ‘9te
‘0‘0°0°+'0 ‘0 ‘LOE"LS8T
‘0'0‘0'1'0‘g9e‘spesee
‘0‘0‘0°'0‘0C ‘0 ‘IEE‘60E
‘0'0‘0°0°‘0 ‘0°‘80Z'90C
‘0‘0't*'0‘0°tLE60E“80E
‘0'0'+'0'0'0OLe ‘80T " LOT
‘0‘0'1°0°0°89¢€ " L9E *99¢
‘0'0*'1‘0'0" mmw OgZ‘6ce
‘0‘0'0°1 ‘0 ‘0O°‘LS1 ‘95t
‘00010 ‘O ‘9EL‘LL}
‘0°0‘0‘L0 .O ‘L6 ‘Bl
‘0‘'0‘0°tL*0 vh G5 ‘9¢
‘0'0°0‘L'0 ‘o'szi‘Lzl
‘0‘0‘0°L'0 ‘LOL'68 1L
‘0'0'0*'tH'0 ‘O‘ee ‘ee
‘0‘0‘0°L'O0 ‘O ‘Zs ‘12
‘0°0‘0'1'0 ‘O‘vep‘ssy
‘0‘0'0°t°0 O.hmv.wwv
‘0‘0'0°1L‘0 ‘0O ‘00G6°O8P
‘0'0°‘0‘t‘0  ‘O'isbv ISy
‘0'0'0‘L'0 O.hw Y4
‘0‘0'0°L ‘0 ‘O ‘st ‘s
‘0‘0°1‘0°0" vm LPE ' 9vE
‘0O‘0'L'0‘0 ‘O'8LI‘LLL
‘O'0° L Lt ‘vOs‘ect
s'4°0°'Q pess gna:m
‘e

O‘0EP 10 vOS
‘O‘r'9l  ‘O‘Lz'O‘O'ee

‘0'0‘0z‘0‘1'64 ‘0'6T0'0'18¢E

: © sdiy ‘3ed3 =SiINN

* (000S)s63 NYW+aVISSAH 400 4 (edidAL :(Lenueyw)}y0014d

gic
viec
[4%4
otz
802
202
4874
[der4
00¢
861}
961}
vel
¢6i
(o151}
88|
2984
v8i
[4:1;
081
8LI
9LI
vit
cLt
oL
891
994
vl
(413
[s}:]
85}
961
14:13
[4°1
0S4
8vi
ovi
144
(443
ovi
214
St
veEl
(4]
(o157
8¢t
8Tl
vel
143
oci
8L
9t
vil
(433
Ot
8014
2014
Ol
[4e 13



66

‘O8E‘ZOV IOV ‘6LE ‘161Y
‘LGE‘OBE‘6LE'9GE ‘061 Y

‘pEE LGE ‘9GE 'EEE ‘681 Y

‘60€ ‘VEE ‘EEE'BOE ‘881

‘opi ‘891 °L9) ‘GYI ‘G8iIYN

‘OGE‘6LE‘BLE'SSE ‘GLIY

‘9} ‘8 ‘9c¢ ‘St ‘L6Y

‘z8L‘TOTLOT I8E  ‘98Y

‘TOL‘TBL'I8L19L  ‘GBY

‘€8l ‘€0 TOC T8l ‘Pp8Y

‘€91 ‘E81 ‘T8I ‘TOL ‘€8

‘GL ‘9C ‘GZ ‘vi ‘gLy

‘v ‘av ‘ev ‘€T ‘ged

‘6Gz'18C°8LT '8GC ‘6BTYH

‘vb ‘€9 ‘29 ‘19 ‘gLy

‘EY ‘vy ‘19 ‘2y ‘L1 Y

‘08Z‘00E ‘66T 6LE ‘LY

‘8L2'08T'6LT ' LLT ‘sy

‘8GT 8LTLLT'LST ‘gY

sjuBwa| 3 [RUOLIIPPY

3

3

‘OLE 1 9E09€E~

‘LLE‘LL'EL 1T 09EY

‘6GE‘8GE‘ LSE'9GE 6TOF ‘8TOV ‘LTOV 'GGE‘VPGE'ESE ‘TSE
‘0‘0‘€} ‘0T TGED

‘ISE‘EVE TYE- ‘¥TOV

‘O'0‘EL ‘61 ‘¥CO

‘LPE‘LEE*9EE-‘9TZOV ‘SEE‘VEE'CEE'ETOP ‘TEE'IEE'OEE‘O‘6CE STE ‘veTE-
‘0‘0°‘e’8lt ‘YTED

‘ECTE‘BLE‘BLE-‘GTOP ‘LIE‘'GOE’VOE-

‘0‘0‘E‘ LY YOED

‘TBT€9T ' TOT-

‘esTc‘Ic € G) ‘TOCY

‘19Z°0°'09C 0 65T 95T ‘GGZ-CCOP ‘vGT YT IvE-

‘0‘0‘E'PL 1PED

‘O0‘1ZOv ‘OVT ' PET EET-‘0‘0‘CET LEC 0OET ‘6T

: ‘0O‘0‘E*€EL ‘62TO
‘8ZCT'LTT'9TC 610V ‘BLOF ‘LIOV ‘910F ‘'GTT'vTT'OZTOY ‘0‘0‘0‘O‘O‘trT‘olT’Gie-
‘0O‘0‘E‘TI SHTO

‘p12*90C S0C-‘0°0‘'0‘0‘0 ' YOT 'EOC COC 00 661 ‘86| “ L6} ‘961
‘0‘0‘E‘Li 961y

‘G6L'0‘GIOY ‘P61 ‘681 °'881-"0°0'0'0‘0'L8IL 981 °'G8I‘0O‘V8L‘EBI ‘T8I 18100 08}
‘0‘0'1 ‘0L ‘081D

‘6LLO‘VIOY ‘SLELLE'SLL'O'GLL‘Q'ELIOF ‘0'0'0°0°0 ‘vLI'GOt VOL-
‘0016 ¥oL0

‘€91 ‘T9L ‘191 ‘600 ‘091 °6St‘TIOPF ‘LIOV ‘OLOP ‘O ‘8GH'vPIEVi-
‘O'0‘L'8'EVID

‘THE VL OV "800V ‘6EL ‘64 ‘8L~

: ‘0'0‘LL'8HIYA
‘LEL'OLL GLELOOV '900F ‘vi1‘66°'86-°TOOY '0O'L6°96
‘0‘0‘1‘9'960

‘GOOF ‘S6°88°LB8-'0‘0°0°0°‘CT8'IB08BLI00F ‘0O°8LLL
‘0‘0* LS LLD

‘9.°'9G'G5-

. ‘0‘0°L “‘v'sSY

‘VG'EG TS YOOr ‘E0OV ‘LG OP‘6E-‘0O°8E‘LE‘9E

‘0'0'} "€ 9ED

‘GE'LE‘OE-'0 '6Z°'0C'6L-‘0'9) ‘Gl 'Vl

‘0'o‘t‘e'viy



67

‘0'0'0

(NIVW ui >oeq) S3ITHOHNVYV LD INY

‘LT'OT GTET VT ET TTIT'OCT 6L ‘B LLLL'OL 'S PLEL T LI OL'B 8 L 9'G‘V'EC" )
putdnous -pend

3

‘GLt ‘EEY

‘Gget ‘zed

‘LLE'99E ‘IEY

‘GEE*VEE'EEE ‘Ot£d

‘vZe ‘62d

ETE'TCE ICE'EOE TOE LOE'THT “LBT 98T 'S8T '¥8C- ‘TBC18C°'0O8T ‘LT '99C°'S9Z '¥OT ‘€£9C ‘8TY
‘OTE‘GIE'BIE'OOE PBZ €62~ '16Z°06C 68C'8BT 6LT ELT TLEC- ‘OLT'69T'89C L9T ‘LTH
‘egz‘zoT ‘ozd

‘Oce ‘sed

‘6le ‘vz

‘t0T00T ‘ETH

‘ivz 6Tz 964 ‘CTH

‘Syz'vbTeEpT ere ‘OGT'9ET‘CTETIETOEZT 661 ‘861 L6 ‘ITA

‘vGT'TSC'IST- ‘6YTLPT 9VC- ‘OPT'6EC 8EC‘LET'GET'VEC'EET‘YOT ‘€0T'TOT ‘OTH
‘vOE‘SIT ‘61Y

‘g0z 881 ‘8ly

‘80T 164 ‘Lid

‘80€ ' LOE‘90E'GOE ELE 19T 09T 6ST 8GT ‘8T LTT 9CC 'BIT LIT 9OLT ‘91 Y

‘viz'0lc 60T~ ‘v61 €64 CEL P8I €8 T8I 18081 8LI LLLOLL ‘OLI‘SO} VO~ ‘O1Y
‘LIE‘9IE SIE ‘PIE ‘TIE‘LIE'OLE‘BOE ' LGT 9GT GG ‘GiYy

‘GCT'YTT ETT TTT 1CT LOT 90T 061 ‘681 “L81 ‘981 S8} ‘PLLELL'TLL LLL ‘SiY

‘951 ‘161 ‘OG- “1EL°9TL'STL- ‘LOL‘TOL 10L- '88°'L8'Z8 ‘viY

‘091 '6S1 "8S1 LS ‘6P YV ‘EvI- ‘6EL°EELCEL- ‘PTI 6L 8LI- ‘vII°60L‘80L- ‘E1Y
‘00l ‘66°86 ‘S6°06°'68- ‘18°'08°6L ‘£id

‘og‘s8‘ve'es ‘Ciy

‘BLYLL ‘hiY.

‘TE ‘Ol Y

‘LE ‘6Y

‘81°LL ‘s8yd

‘GE ‘sgec'eT- ‘LY

‘6LEESLTTOL 9L ‘TYIIVIOVE “LIL'9LL'GLE ‘PE‘EE‘OE‘6T IT'OT 6} 9L G PL ‘on

‘OF gy
‘6 ‘v
‘L'9 ‘ey

‘18E°0BE°BLE 9LE SLE ‘OLE‘69E'89E ‘TY

‘G9E ‘' YIE " 6GE ‘8GE ' LGE 4 SE'OSE6VE L PEOVE '6EE ‘CEE‘BTE LZE'OTE 'GTE L6 96 ‘GL'OL 69- ‘19°95°GG- ‘€G°05°6Yb- ‘Iv‘LE‘9E- ‘ZTLIi‘8°‘C ‘ZY

€'1LE-

‘8LE'PLE LOEESE ‘1 9E ' 09€E-

‘9GE ‘EGE " TGE~

‘BYE'EVE‘TYE- 'BEE'LEC'9EE‘IEE'OEE‘6TE 'IL'YS ‘89'E9°T9- ‘'Sr EVECP- ‘ELV'E'T ) ‘1Y
sjuawa|l j0 Buirdnouy

) 3
‘ELE'9EE‘LIE‘TIE  ‘1TO
‘HLIE‘9EE‘GEEOLE  ‘0OTO
‘CsoviyoviLvr sty ‘610
‘S LPY STV O9CY ‘810
‘9ZPSTYEOP POV  ‘LIO
‘BOE‘EEE'TEE‘IEE  ‘EIO
‘OOP‘66E'9LE LLE - ‘TIO
‘LLE'QLE'ESE‘VPSE ‘11O
‘TEE'PSE'ESEOEE  ‘OLO
‘osv89v’‘Lov 6vy ‘T8TYH
‘G6Y ' POS‘€0S ‘€61 09Ty
‘vl ‘OSI ‘8¥L Lyl ‘0OTTY
‘OLE*LL) '601‘80F ‘6lTH
‘8v1 ‘691 ‘891 ‘9vI ‘TOTYH
‘Lyt '8V ‘OvL ‘82 ‘10Zd
‘eTt Lyl 8T LT ‘00T

114
14°174
[4°14
osv
8vy
ovy
444
[A4%
(0347
8tV
=194
veEY
(4544
o234
2144
oty

24474

(444
oty
giy
o9tv
1434
civ
Olv
80V
=10} 4
vov
cov

86¢
g6e
vee
(451
o6g
88¢
98¢
v8E
[4:1>
(01:11
8LE
9LE
VLE
CLE
oLE
89¢€
99¢
[4:1
[4:1
02-1
86¢
9S¢E
vSE
(41
(071
8ve
ove
1447
(44>

8€e



68

ALA
‘eee”

‘199"

*000"
‘000"
‘L99°
‘000"

ONOTOYOTOMOTOTOTOMOM®

‘EEE”
‘00E -

*L9T°S ‘L90
‘€ee’€ ‘000
‘€eeT € ‘00€
‘L99°€ ‘000
‘00E" vy ‘00E
‘L99°€ ‘000
‘o0E" ¥ ‘00E
‘L99°€ . ‘000
‘00e" ¥y ‘00E”°
‘L9E"Y ‘000
‘00E" ¥ ‘00€-
‘00E"C ‘000"
‘LYBE ‘LIBT
‘000" v ‘000"
‘G816 ‘GBI
‘000" v ‘000°
‘00E ¥ ‘Siv-
‘000" v ‘L99°
‘O0E" ¥ ‘00€"
€
v

‘000"
‘oog"

TOTOMOMONOYOTOTOTOTO~
g

‘0'0‘HE
‘0‘0'0t
‘0‘0‘6
‘0'o‘s
‘0‘o‘L
‘0‘0'9
‘0'o‘s
‘0‘0'y
‘0'0‘e

‘o‘o‘e

00000000000~ 000000000

‘0'0°}

‘O"0‘EEEBS O *"00LLECSE "0 009681 * " 00958
sjedaiejtJpend 403 ereq dnoup

SAvd3ILyvIIu

00s
‘Qoe
‘000
‘006
‘000
‘00v
‘oov
elel4
‘0085
*00s

*000
‘000
‘000

avno
AN
'S'00€E "
Y1
‘TiLVE”
‘v o0V
"E°00€ "
"ELLE”
‘E‘00V”
‘v 656"
‘v *0S)”
‘£'6S6°
"E00P”
‘e°00€E”
"ECLLET
“yoov”
“v'000"
B TA
"v'ooe”
RAFAY:S
RVAY-S
“g‘00€e”
VAN
"2 *00E"
"e‘G8L"
‘ESEY”
"efLLE”
"€‘0SI -
“E'00E"
Ban-t:I
gar-13A
"vOst”
‘vooe”
RAFAY:N
‘O"O‘EEEBS O “"O0LLIT'SI O' 00988y ‘" 009

‘0‘0‘0

‘o‘o'ee
‘0‘0‘te
‘0‘0°1E
‘0‘o‘oe
‘o‘o‘sc
‘o‘o‘st
‘o‘o‘tLe
‘0‘o‘9e
‘o‘o‘se
‘o‘o‘ve
‘o‘o‘ee
‘o‘o‘ee
‘0‘o‘te
‘0‘o*oe
‘0‘0‘st
‘0‘o‘si
‘0‘0°LL
‘0'0‘9l

-

.
-

-

NO00O0O0O000000
S000GC00000000
~NOITHOO~NO

[

MITNOINTNOOONTOTOOTHNNOTAN~NTTNOTNOOITO

8

se|buelody Joj ezeq dnounp

9LS
VLS
zLS
oLS
898
99%
v9s
9§
09%
865
9GS
411
(411
0SS
8vS
2] 41
1 4%4°]
[44°]
ovs
8ES
9€S
veS
cES
0ES
8¢S
=141
ves
[44°]
e14°]
81§
918
1 43°]

(o] 3°1
806
908
v0oSs
[48}°]

86v
96v
1434
(434
o6y
88y
98¢
vey
[4°14
osvy
8LY
oLY
vLY
cLY
oLy
89v
29¢v
vov
cov
osv
85y



69

“000°0 °

‘oco'v ¢
‘000°0

00E'¥ ‘O0E"V ‘0OSi°C ‘000°0

‘L99°E'00E" ¥

‘o'0‘e

C00'v ‘000°0 ‘000°0 ‘CO0°0
00E'v ‘00E"¥ ‘OSL T ‘000°0

‘000" ¥ *00E " ¥

‘0'0*t

‘O"O‘EEEBS O *‘"O0LIIT SI O "009G8Y"* 00958V
suoi}isued) Joj eied dnoudy

SNOILISNVYL
‘000°F ‘000°F ‘000°0 ‘000°0
‘99L°0 ‘LIB'E ‘LIB'E ‘000°0
‘000°v 000V ‘000°0 ‘000°0
‘E8E°0 ‘E£89°FV ‘LI6°E ‘000°0
‘000" 000V ‘000°0 ‘000°0
‘000°0 ‘O0E"P ‘LI6°E ‘000°0
‘00S°¥ ‘OO¥'E ‘000°0 ‘000" 0
‘O00°0 ‘LIB'E ‘LIB"E ‘0C00°0O
‘000" ¥ ‘006°T ‘000°0 ‘000°0
‘000°0 ‘LIB°E ‘LIB'E ‘00070
‘000°¥ ‘O00°¥ ‘000°0 ‘001"t
‘000°0 ‘LIB'E ‘LIB'E ‘000°0
‘00S8°¥ ‘00S°¥ ‘000°0 ‘00§
‘000°0 ‘LI6°E ‘LIB'E ‘000°0
‘000°€ ‘00S°F ‘000°0 ‘000°0
‘000°0 ‘LiB°E ‘LBt ‘00070
‘000°€ ‘00S°'¥Y ‘000°0 ‘000°0
‘000°0 ‘000°t ‘000'C ‘0000
‘00S°v ‘000°0 ‘000°0 ‘00S°¥

‘EEL"9 ‘EEL "9 ‘EEEB’L ‘0000
‘00S'F "000°0 ‘000°0 ‘00S°¥
‘OOE"V ‘EEL"9 ‘€EEB'L ‘000°0
‘00S°¥ ‘00S°¥ ‘0000 ‘0C00°0
‘000°0 ‘LI6°E ‘0SL°S ‘000°'0
‘00E"S ‘00E’S ‘000°0 ‘008°0
‘000°0 ‘00E’P ‘00E'¥ ‘000°0
‘00S P “L99°E ‘000°0 ‘000°0
‘000°0 ‘00E'P ‘00E"¥ ‘0000
‘00S°v ‘00S°¢ ‘000°0 ‘0000
‘000°0 ‘000°T ‘v89°T '000°0
‘EEE’'E '000°0 ‘000°0 ‘EEE’E
‘OSL°S '0O8L°S ‘OSP'L ‘000°0
‘EEE"E ‘O00°0 ‘000°'0 ‘€EE’E

‘8LE'BLE OV OOV’ LLE
‘96 ‘LG 9L} ‘SLL ‘SSI
‘G8Y ‘v6Y 'S6Y €6V v8Y
‘6vv LoV ‘99F ‘GOv ‘8
‘LEL‘LGI ‘OSE ‘6¥1 OEL
‘THL'LELOEL ‘411 0L
*801 ‘604 *6C) LTI LO}
‘csviLev 06V 18V 08V
‘o8t 18V 06V 68V ‘6LY
‘LTH 8T 'OVL GV ‘9TI
‘TE ‘€€ ‘TS ‘1S ‘e
‘0T ‘tT ‘TE ‘1E ‘6B}
*LOE ‘' LEE ‘TEE ‘OEE ‘90€
‘goc‘eoc e e ioe
‘LPLESLTOL 19} OPL
‘e ‘8 ‘Ly ‘LT ‘9T
‘ez ‘LT ‘LY ‘9b ‘ST
‘18T +0E00E ‘08T 8BLT
‘S ‘v9 ‘€9 ‘v¥ ‘€v

.

.

.

‘ol ‘6l
§'Gl ‘81
S ‘L'Lt

Syl 9l

S'el ‘st
S'Ti'yi
S'H1El
s‘ot‘eh

.

-0

mmmmmmmmmmm

"TONMyryT O~

-

-

TNOITOO~ONDO T
-

-

‘o‘o"Le
‘0'0‘9e
‘o‘o'se
‘0‘0‘ve
‘0‘0‘ce
‘0‘o‘ee
‘o‘o'te
‘o‘o‘oe
‘0‘0'61

‘o‘o‘si

‘00 Ly

‘0‘o‘9t
‘0'0*s)
‘0‘0°vi
‘0‘0‘€El

‘o‘o‘el



70

‘19
‘i
(0t X 0°2) ‘g ‘¢ uwntod
*005°0°000°T ‘ 006v6Ct ‘°0ZT6E08 ‘°008CTYET
‘LY
‘e
(O'y X O°F) E I +4 uwnjo)
*xx dVO100 INILNOAGNS *xxx

‘0‘0‘0

00}

NIVAN Ul

S3I1L1Lv

‘005°y ‘000°E ‘000°0C ‘000°0

‘Li6" €
‘0°0°cee8s o

‘L99°
‘000"

"L99”

0w O~ Om OY O¢ OMm OmWm OM OMm OMm OY OT O

o«

‘9GE°‘GSE ‘V¥SE‘ZTEE ‘EEE
SNOD9ATO

v
‘0

ov

< <

mom

om

NN

‘008" ‘000

‘OSL°S
‘000" ¥
‘LI6°E

‘osL”
‘00S v 0O&L"
‘000"

‘L16°
‘000" v L6

‘00S°v ‘000"
‘EEL9 ‘EE€°
‘00S v EEL”

‘000°0 ‘000
‘LI6°E ‘6S6°
‘000" E‘LI6”

‘000°0 ‘000"

O OMMOMMOYIOIIONMOTTOT~rOTTOTNON OO WOMBOWO

NIG30O0D2

00S v

‘LIG'E ‘LIBE ‘$89°0 ‘0C00°0 ‘0‘0°}
‘T00LEET G "0 "009G88Y ‘T 00988t
suobAiod 404 eieq dnoun

‘S'L°L

*000°0
‘000 0
‘0'0'9l
‘0000
*000°0
‘0‘0'si
‘0000
‘000°0
‘0'0'rL
‘00070
‘000°0
‘0‘0‘et

88
[oe

‘o‘o'et

-

88

00t}

(o}

88
(e R o]

‘0‘0'0}

oo oo
.88 .88
O - O .
C;O<3<5C>O
© o

38
oo
(oo

98
vig
[2%:]
o+8
808
208
o8
z08
008
86L
26L
veL
c6L
o6l
88L
98L
[ 4:72
[4:72

. 08L

8LL
SLL
viL
cLL
oLL
894
294
voL
coL
0o9L
8GL
o9GL
14°72
[4:72
0SL
8vL
YL
vvL
evL
ovL
8EL
9€L
veEL
cEL
O€EL
8cL
9cL
veL
ceL
ocL
8iL
9tL
viL
chL
olL
80L
20L
voL

0oL
869



71

(0" X O
‘000 ' 6S‘€EE"TO

(0'z x O
‘005 LY 000" 18

(0" x 0O
‘000" Sv‘Eee"0e

(0" x O
008" 62 °000 €8

(s°+ x 0O
‘00S ¥ ‘000" 80}

(o't
‘00S°vI ‘EEE "6

(04
‘0ST 51005 PvL

_ (0"t
‘000" 61 ‘082" LS

(o't
‘00S €L ‘€8 I¥

(02
'OSL V1 ‘EE8 6T

(st
‘L99°E°000° 16

(o'c
‘000" E-“E€EE"¥9,

(o'e
‘000 €-'L99° €S

(o'c
‘005 0‘EER 6T

(o4
‘005°0°0SL S

T) ‘G-

‘*09vov

b ‘G-

‘1098191

z) ‘v
‘1098191

T) ‘v
‘-oosere

g) ‘e
‘ *0€e608

X 0°¢)
‘098191

x 0°2)
‘-0981 91

X 0°2)
‘"0LS9E}

X §°4)
‘ *09vov

X 0°4)
‘-008cve

X 0°2)
‘ *09vor

X 0°1)
‘. o9vor

X 0'4)
‘" 09YOoY

X 0°4)
‘-098191

X 0°2)
‘"098491

v 4.
‘098191

vy 3
‘ ro9voYy

9-4
' 09vOoY

o-8
‘ "OLS9E}

© 9-4
‘-oezoz

fzop
‘ -09vor

Sr ]
‘ *o9vov

AN
‘ro08ere

g 3
‘0984 9}

t¢To
*"OLS9EL

‘¢ o-9
‘098194

19
‘098191

‘43
‘1098191

‘ta
¢ 09p0Y

400
* “09v0Y

‘£9€

!

1L uwnpo)
‘rooviel
‘e6e

‘1

‘9f uwn(od
e AR AN
‘GOv

‘1

‘G uwn| o)
‘roovies
‘LEIL

‘1

pL uwnio)
‘- 001Z81
‘LOP

‘b

‘€1 uwnio)
‘TooviTh
‘96p

‘1

IZh uwnio)
‘TooviTH
NS4

‘b

‘b uwnio)
‘rooviet
‘1Ge

‘b

:0L uwnpo)
‘r00LZ84
RA:YA

‘b

16 uwnlo)
ool T8 4]
‘g8l

!

g uwny|o)
‘100LT8t
‘eel

‘1
1L uwnjon
‘TooviTH
‘gEY

‘1

19 uwn) o)
i ele1 ¥ A}
‘6Le

‘1
g uwn|o)
‘ oovieH
‘LET

‘)
y uun|on
‘roovieh
‘8L

‘i
€ uwn)|o)n
‘rooviTH

9t6
vES
(451
(0151}
8¢C6
9¢6
[£43]
[44:]
(o745
816
o186
vie
(433
oL6
806
906
Y06
[40]3)
006
868
268
68
c68
068
888
288
1 4°1°]
c£88
(02:1:]
8.8
oL8
VLS
cL8
oLs
898
998
v9o8
[4:1]
o098
868

vas
[4:1:}
058
8ye
or8
1474°]
[44:4
ove
8€E8
o8
ves
[4%4:]
(07}
8ce8
9cs
ves
[44°]
ocs
818




72

dois

‘000

‘GeC 0~

( 48X S2T2°0 -~ = OD ) AVO1l WIOLINN

‘000 0L 000" ¥6 ‘'09POF ‘"09BI9L ‘"OObLITH
‘ELP

‘4

(0°C X 0°}4) t9-g 10T uwn|o)
‘L99°9L‘EEE"TY ‘09v0F ‘098191 ' "OOVITH
: ‘86T

‘+

(02 x0°}4) ‘9 3 ‘gl uwny|o)

‘L99° LG '00G €6 ‘1098191 “"09POF ‘ "OOVITI
‘OLY

‘b

(0t X 0°2) 6-p 'O 18} uwn|o)
‘L99°LG'0G9 €L ‘1098E91 ‘T09Y0F ‘ TOOViITH

®itd 40 pul
oLe
896
996
voe
[4°19]
096
866
966
56
[4=15
0se
8ve6
o9v6
I'44°]
[44]
ove
8€6



Chapter 5

THE OUTPUT DATA

5.1 Output Format

The output from the program HYBSLAB consists of two
types. The first is an echoing of the input data; the
second is the printing of output data.

In the first phase, the input data is used to calculate
global coordinates, semi-band widths and the element limits
of integration. 1If ISTOP=1 (ref. Chapter 2), then the
program ceases execution after printing the above data.

If ISTOP=0 then the program continues on to calculate
element stiffness matrices, assemble the global matrices,
and 5olve for nodal displacements. These displacements are
then used to obtain element stresses at the nodal points of
each element and at one interior point. As well, the
displacementsAfor each element are used to calculate
internal nodal forces. When checking the output, the user
should always expect any free-body section of the structure
to be in static equilibrium,

The complete output from the example in Section 3.7 is
provided on the pages which follow. The program is unit
independent; therefore, the units of force and length which
applied to the input data also apply to the output data.
Flexural stress resultants (moments per unit width) are

printed using the tensor sign convention shown in

73
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Figure 1.2. Internal nodal forces determined from the nodal
displacements are printed with the positive sense being in
the positive direction of the corresponding conjugate
displacement degrees of freedom as shown in Figure 1.1. The
last block of output data consists of the averaged values of
flexural nodal stresses. This average is determined at a
given joint by summing the values from the adjoining
elements and dividing by the number of contributing
elements. These values are used for plotting moment
contours and the sign convention has been switched from the
classical tensor sign convention to the more common

engineers' sign convention.
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Chapter 6

GRAPHICAL -DISPLAYS

6.1 Introduction

A large amount of numerical data may be generated from
a finite element analysis of a real structure. To manually
check this data may require a prohibitive number of man
hours. Therefore, it is almost mandatory that visual
displays and graphical plots become an integral part of the
analysis package. The present vefsion oanYBSLAB generates
and stofes plotting data in 3 separate filesf The programs
used fo plot this data are very much dependent on the
computer installation being used. The discussion of
programs which follows pertains to the Calcomp plotter and
related faciiities at the University of Alberta.

Data from the first file (file(1)) is used to check
much of the input data. A program called GRIDRAW is used to
produce Calcomp plots of the finite element structure; this
is a check on connectivity data, coordinates and element
group data.

The second file (file(2)) contains the W displacements
for the entire structure. A program called W.PLOT is used
to draw the displacement contours. This program uses the
SURFACE2 plotting package.

The third file (file(3)) contains averaged values of

Mx, My, Mxy, and their principal values. Moment contours
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for any one of these stresses can be plotted using the
program M.PLOT . This program, like W.PLOT, uses the
SURFACE2 plotting subroutines. Sample plots of Mx and My
are provided on the next two pages.

Copies of the above programs are contained in the
'Plotter Supplement to HYBSLAB' which is available from the

Civil Engineering Department at the University of Alberta.
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Figure 6.1 Mx Moment Contours for Floor 1.
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Figure 6.2 My Moment Contours for Floor 1.



Chapter 7

SUMMARY of READ STATEMENTS

C PHASE 1 - READ-IN OF ALL DATA

READ(5,1)  HEAD
READ(5,1)  UNITS

READ(5,2) NRECTS,NBEAMS,NTRIAS,NQUADS,NLSHAP,
_ NTRANI ,NPOLYS,NEXTRA ,NRCOLS ,NSPRIG,NDIPRE

.READ(5,2) NRTYPE,NBTYPE,NTTYPE,NQTYPE ,NLTYPE,
NATYPE ,NPTYPE , NXTYPE

READ(5,2) NJNTS,NMAST,NVECT,MPRINT,ISTOP,IPLOT

o READ; Suppressed d.o.f. (zero disp.)
READ(5, 1) HEAD
READ(5,2) J1,J2,JLAST, (LDOF(K) ,K=1,5)

C READ; Master & Slave Node d.o.f.
READ(5, 1) HEAD
READ(5,2) JMAST,J1,J2,JLAST, (LDOF(K),K=1,5)

(o Go to READ 4-Node Elements in 'CONECT'
C (back to READ from 'MAIN')
c READ-in for Rectangles.

READ(5,1) HEAD
READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,4)
o READ-in Group Data for Rectangles
. READ(5,1) HEAD
READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
READ(5,2) IGROUP,INPLAN,IPROP, XDIM,YDIM
READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2

C READ-in for Beams.

READ(5, 1) HEAD

READ(5,2) M1,M2,MLAST,ITYPE,JOINTI,JOINTJ,JIINC,JJINC
C READ <Emod,Pois, A,Ix,ly,Cv, etl,e2 >

READ(5, 1) HEAD

READ(5,2) IGROUP, (RTEMP(K),K=1,8)

C READ-in for Triangles in 'MAIN',
READ(5, 1) HEAD
READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,3)
c go to READ from 'GRDATA' (Triangles)

C READ-in for Quadrilaterals in 'MAIN',

READ(5, 1) HEAD
READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,4)
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(go to READ from GRDATA for Quads.)

READ-in for L-Shapes in 'MAIN'.

READ(5,1) HEAD

READ(5,2) NEL,MTYPE, (JTEMP(K),K=1,6)
READ-in Group Data for L- Shapes

READ(5, 1) HEAD

READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2
READ(5,2) IGROUP INPLAN IPROP (XNODES(K)
READ(5,2) (YNODES (K) ,K
READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2

1,6)
1,6)

READ-in for Transition Rectangles in 'MAIN'.
READ(5,1) HEAD

READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K) ,K=1,NNODES)
READ in Group Data for Tran51t10n Rectangles
READ(5, 1) HEAD ,

READ(5,2) EX1,EY1,POISX,GXY,THICK,6ECC2

READ(5,2) IGROUP,INPLAN,IPROP, XDIM,YDIM
READ(5,2) (XNODES(K),K=1,NNODES)

READ(5,2) (YNODES(K),K=1,NNODES)

READ(5,2) EX1,EY1,POISX,GXY,THICK,ECC2

READ-in for Polygons in 'MAIN'.

READ(5,1) HEAD

READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K),K=1,NNODES)
(go to READ from GRDATA for Polygons)

READ-in for External(Singularity,...) in 'MAIN',
READ(5, 1) HEAD

READ(5,2) NEL,MTYPE,NNODES, (JTEMP(K),K=1,NNODES)
READ; User Specified Coordinates .

READ(S 1) HEAD

READ(5,2) JNT,XORD(JNT),YORD(JINT)

READ(5,2) J1, J2 JLAST, x Y,XINC,YINC

Column Head data is READ in 'COLCAP'

Spring data is READ in 'SPRING'

Prescribed Displacement data is READ in 'DISPRE'’

~ READ; Manually Specified Loads by User

READ(S 1) (VHEAD(I,NV),I=1,15)
READ(5,2) UDL
READ(5,2) J1,J2,JLAST, (TLOAD(K) ,K=1,5)

READ; Element Stress Printout Selection
READ(5, 1) HEAD
READ(5,2) M1,M2,LAST

C READ-ins for #*xx SUBROUTINE XSTIFFS *x*x%

=
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(READ-in

Stiffness and Load from Unit{(11) )

READ(11,99) NNODES,MSIZE

READ(11)
READ(11)

READ-ins for

READ(5,1)
READ(5,1)
READ(5,2)
READ(5,2)
READ(5,2)

READ-ins for

READ(5, 1)
READ(5,2)
READ(5,2)
READ(5,2)
READ(5,2)
READ(5,2)

READ-ins for

READ(5,1)
READ(5,2)

READ~-ins for

READ(5,1)
READ(5, 3)
READ(5, 1)
READ(5,3)
READ(5,2)
READ(5,1)
READ(5,3)
READ(5,2)

READ(5,1)

‘READ(5, 3)

READ(5,1)
READ(S5,3)

READ(5,1)
READ(5,2)

C READ-ins for

READ(5,1)

READ(5,2)
READ(5,2)
READ(5,2)
READ(S5,2)

(EKXTRA(I,J),J=1,MSIZE)
(ELOAD(K) ,K=1,MSIZE)

*%x* SUBROUTINE COLCAP %%
HEAD
HEAD
NCOLJN
(INTCOL(K,NR) ,K=2,NJP1)

AXSTIF,OXSTIF,0OYSTIF,XCENTR(NR) , YCENTR(NR)

*%% SUBROUTINE SPRING *%%
HEAD
NGRUPS

" IGROUP,NJNTS

(JOINTS (K,NG)
(SPRSTF (K,NG)
(PFACT(K,NG),

,K=2,NJP1)
,K=1,5)
K=1,5)
*%* SUBROUTINE DISPRE #%x
HEAD
JOINT,JDOF, (RTEMP(K) ,K=1,NVECT)

*%% SUBROUTINE CONNECTIVITY DATA *%*

HEAD
ICODE,NBLOCK,NX,MY
HEAD
ICODE, JSTART, IROW,JCOL,JINCY, JYTOP
(JTEMP(K),K=1,JLAST)
HEAD
ICODE,MSTART, IROW,JCOL,MINCY,MYTOP
(MTEMP(K) ,K=1,MLAST)
HEAD
ICODE,NEL, (JTEMP(K) ,K=1,4)
HEAD
ICODE, IGROUP, (MTEMP (K) ,K=1,50)
HEAD
(MTEMP(K) ,K=1,NQUADS)

*¥*x SUBROUTINE GROUPDATA *%%
HEAD
EX1,EY1,POISX,GXY,THICK,ECC2

IGROUP, INPLAN, IPROP, (XNODES(K) ,K=1,NNODES)
(YNODES(K) ,K=1,NNODES)

EX1,EY1,POISX,GXY,THICK,ECC2
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