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ABSTRACT

The development of a computer program, COLUMN1, for the
design of reinforced concrete columns 1is presented. The
columns may be either tied or spiral, long or short, braced
or unbraced, and have either circular or rectangular
cross-sections. Loading may be defined as either factored or
unfactored with bending about one or both axes. For a given
loading and material properties the column will select a
satisfactory cross-section including longitudinal and
lateral reinforcement. Provision is made for the designer to
specify all or any portion of the cross-section, and to
place limitations on bar size and bar numbers. All designs
conform to either building sﬁandard CSA3-A23.3-M77 using
S.I. units or ACI 318-77 using Imperial units. The program
may be run in either batch or interactive mode with a hard
copy output option if the latter mode is selected.

The design philosophy and engineering 1logic of the
program are discussed and a number of examples to
demonstrate most of the features of the program are

included.
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NOTATIONS

Roman letters, capital

Ast total area of longitudinal reinforcement in a
column cross section

Asx - total area of reinforcement distributed along
x-faces in a column

Asy  total area of reinforcement distributed along
y-faces in a column

Cm moment gradient correction factor

Cx size of rectangular column measured in

x-direction for which moment about y-axis
are being determined )

Cy size of rectangular column measured in
y-direction for which moment about x-axis
are being determined

Ds distance from centroid of extreme compression
reinforcement to centroid of extreme tension
reinforcement in opposite half of member

Ec modulus of elasticity of concrete

EI flexural stiffness of a column

Es modulus of elasticity of steel

Ig moment of inertia of gross concrete section
about the centroidal axis, neglecting the
reinforcement

Ise moment of inertia of reinforcement about the

centroidal axis of the member cross-section

Mc magnified factored moment to be used for
design of compression member

Mn nominal moment strength at section

Mu factored moment at section

Mux factored moment about x—axié which is

primarily resisted by the reinforcement
in y-faces

ix



Muy factored moment about y-axis which is
primarily resisted by the reinforcement
in x-faces

M, value of smaller factored end moment on
compression member calculated by conventional
elastic frame analysis, positive if member
bent in single curvature, negative if bent
in double curvature

M. value of larger factored end moment on
compression member calculated by conventional’
elastic frame analysis, always positive

Nx | number of bars in x-face only including
corner bars
Ny number of bars in y-face only
Pc critical axial load
Pn nominal axial load strength at given eccentricity
Pu factored axial load strength at given eccentricity
Sb the actual clear bar spacing in x-faces
or y-faces
Sbx the actual clear bar spacing in x-faces

Sby the actual clear bar spacing in y-faces

Roman letters, lower case

a depth of equivalent rectangular stress block

c distance from extreme compression fiber to
neutral axis

d distance from extreme compression fiber to
centroid of tension reinforcement

db nominal diameter of bars

dc thickness of clear concrete cover

d, lateral reinforcement diameter

d’ distance from extreme compression fibre to
the center of the bar located closest
thereto



lu

x-face

y-face

eccentricity of design load parallel to axis
measured from the centroid of the section

| specified compressive strength of concrete

specified yield strength of reinforcement

diameter of a round column or side of a
rectangular column

effective length factor for compression members

unsupported length of compression member

lateral faces or edges in y-direction
with column dimension Cy

end faces in x-direction with column
dimension Cx

Greek letters

B+

Ba

a coefficient relating the depth of the
equivalent rectangular stress block to the
depth from the compression face to the
neutral axis

ratio of maximum factored dead load
moment to maximum factored total load
moment, always positive between zero
and one

maximum usable strain at the extreme
concrete compression fiber assumed
equal to 0.003

moment magnification factor for columns

maximum permissible ratio of longitudinal
reinforcement in a column

total area of reinforcement divided by
total area of cross—-section in a column

capacity reduction factor

angle between longitudinal bars distributed
along circular core

xi



Subscripts
x about x-axis

y about y-axis
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1. INTRODUCTION

1.1 Column Design

The design of a reinforced concrete column is
essentially one of trial and error. Design consists of
finding a cross-section that will support satisfactorily
both an axial load and a bending moment. However, since the
capacity of a section to carry axial load 1is dependent on
the magnitude of the moment that is acting (in some cases
the moment is a function of the section dimensions), there
are no closed form solutions for determining a section
uniquely. The problem is compounded when moments act about
both axes of the section,

Traditionally, to reduce the required number of trials
to obtain a satisfactory design, wuse was made of
non-dimensional 'interaction diagrams'. These are plots of
axial load vs. moment capacity relationships for specific
material properties and section geometry. Such plots are
practical for. bending about one axis only, so that, in
practice, it is common to consider bending only about one
axis and 1ignore the moment in the other direction, a
practice that is sometimes wunrealistic and wunsafe. Thus,
there 1is a need for a computer program that will select an
economical and adequate section for reinforced concrete
columns with bending about both axes.

Reinforced concrete columns are classified as either

tied or spiral. Both columns have longitudinal and lateral



reinforcement. With a tied column the lateral reinforcement
prevents premature buckling of the longitudinal
reinforcement but does not confine the concrete. With a
spiral column the longitudinal reinforcement and concrete is
enclosed in a spiral of reinforcement of sufficient strength
and spacing that the concrete cannot fail before a
significant triaxial stress condition is established in the
concrete. The difference in the two types is the mode of
failure. Tied columns will fail shortly after reaching
maximum axial load with 1little ductility whereas spiral
columns will demonstrate great ductility with little or no
loss of load carrying capacity. The different behavior modes
can be predicted and to take advantage of the enhaﬁced
characteristics of spiral columns it is necessary to meet a
number of requirements that have been determined by
experiment. These are specified in building codes with the
result that a computer program for column design in practice
must conform to many limitations imposed by the building
codes.

Reinforced concrete columns must also be constructed
manually. This imposes certain restrictions on dimension
tolerances, number and arrangement of reinforcement bars,
bar diameters, etc. For use in a design office, a computer
program must permit the designer to impose on the design a
number of restraints that are user dependent, that 1is they
can vary from run to run depending on the requirements of a

particular construction project.



A number of programs have been developed for design of
reinforced concrete columns, such as RC.Column by Grant T.
Halvorsen (15), and the column program, COLS, by Portland
Cement Association (7). These programs are essentially
'checking' programs, that 1is the wuser enters concrete
dimensions and reinforcement size and pattern and the
program checks to see if the section will satisfy a given
loading. If input section is not satisfactory, only minor
alterations to the section will be made for further trials.
If after these minor alterations the section 1is not
satisfactory, the user must begin again by entering a new
section which hopefully will be closer to a satisfactory
section. While such programs are wuseful in the hands of
those designers who from past experience, can predict
closely the size of section that should be entered, they are
of 1little use to the inexperienced designer. The purpose of
this project is to develop a program that can be used by
students to obtain quickly designs for reinforced concrete
columns so that they can obtain such experience. For this
reason the program must be capable of selecting a column
section, including reinforcement, for any given loading,
column length and bracing that conforms to specified'

building code requirements and any user imposed limitations,

when only the 1loading 1is given. Such a program is, of

course, even more useful in the hands of an experienced
designer and can be incorporated into a integrated CAD

system.



1.2 Organization of Thesis

The underlying philosophy as to the requirements, scope
and limitations of the program are given in Chapter 2.
Chapter 3 contains a discussion of the engineering decisions
that are required in order to obtain complete designs.
Design examples are discussed in Chapter 4. Chapter 5
contains a brief summary and conclusions. A Users' Manual

for the program and a listing are given in the Appendices.



2. DESIGN PHILOSOPHY

2.1 Scope of Columns Considered

The purpose of the program, COLUMNT , 1is to provide
engineers with a tool that will design most columns that
will be encountered in practice in accordance with either
the CSA3-A23.3-M77 (8) or the ACI318-77 (1,2) building
codes. For this reason, both long and short columns subject
to either wuni-axial or bi-axial loading are considered but
dross-séctions are restricted to either rectangular or
circular shapes. Futhermore, columns may be braced or
unbraced. For long columns the moment magnifier method 1is
used. For 1long braced columns the moment magnifier is
computed from the input geometry and loading. However, for
long unbraced columns the sums for the axial load and
critical load for all columns in that floor are required and
these values must be entered manually.

In keeping with the generality of solution but to limit
.the possible 1longitudinal bar arrangements, the following
restrictions on reinforcéﬁent geometry are imposed. For
circular columns the reinforcement consist of an even number
of bars which must be located around the perimeter 1in one
layer for both tied and spiral columns. The program checks
for minimum number of bars and adequate bar spacing to
satisfy building code requirements. Square column sections
but not rectangular sections may be used for spiral columns

in - which case the reinforcement must be placed in a circular



pattern. For tied rectangular columns the reinforcing is
restricted to being parallel to the faceé, but may be
located on two opposite faces only or along all faces
providing that double symmetry of the cross-section is
maintained. Individual bars may be specified so that the
usual restriction placed on interaction diagrams in most
handbooks which require reinforcement along all faces to
have equal areas in each face is not required.

In keeping with the concept of designer control, the
user has, for each problem, the option of specifying either
'design’' or 'check'. For a check problem, the user enters
both the concrete dimensions and the complete reinforcement
pattern and the program determines whether the section
entered is adequate for the specified loadings. For a design
problem, the user specifies only as little or as much of the
cross-section details as he wishes and the computer
completes the design of the section to safely carry the
loading.

Prior to checking a given cross-section for adequacy to
resist the loading, the program checks the reinforcement for
limitation of percentage of reinforcement, bar size and bar
spacing. If the 1longitudinal reinforcement was entered by
the user and was found to violate any of the imposed
limitations, a message indicating the violation is printed
and execution of the program terminates. Once a satisfactory
section 1is determined the reinforcement pattern'is checked

to determine whether a tangential lap splice is possible and



if so an appropriate message is printed.

For tied columns the program will select the tie
diameter and required tie spacing. The actual choice of tie
pattern is generally standard and is left to the designer.
For spiral columns the program selects the spiral diameter
and pitch and the minimum number of vertical spacers to

satisfy codes requirements.

2.2 Operational Modes

A single column design or multiple column designs can
be solved during a single run. The user has the option of
running the program in either batch or interactive mode,
however, the mode selected applies to all designs that are
to be solved during that run.

In batch mode operation, the user prepares a data input
file, and obtains output after each run. Unlike the
interactive mode, the user cannot interact wifh the design
solution during the run.

In interactive mode, the user enters the required input
line by line after being prompted by the computer. The
output is displayed on the terminal screen. This output
includes a summary of the column design. At this point, the
user has the option of either revising the input and
rerunning the design or proceeding to the next design.

In interactive mode all output during the run appears
on the terminal screen. At the end of each design, the final

solution 1is stored in a file from which a hard copy output



may be listed, if requested, at the end of the run.

2.3 Control for Design

The first 1line of input for each design is a user
defined heading by which the design and 6utput are
identified.

When the appropriate building code is entered, the
corresponding units and bar designations are assigned. In
addition all data for which the code gives specific values
are aSsigned default values. Some of these parameters
established by default, such as concrete cover, maximum
percentage of reinforcement, etc. can be overridden by
entering desired values. Other parameters, such as strength
reduction factors for tied and spiral columns or bar
designations, can only be altered by editing the program
and, therefore cannot be done during a program run. The
entry of data that 1is not code dependent, such as the
magnitude. of 1loading, column length, reinforcement pattern
and material strength properties cannot be assigned default
values and must be entered.

The final line of input for each design 1is a coded
number that indicates whether another design follows or
whether the run is to be terminated. For batch mode, when
another design follows the coded number indicates at which
stage following reading of the new heading new data is to be
read since input not read is taken to be the same as for the

previous design. In interactive mode, the user has a number



of options depending on whether he wants to revise the
design or proceed to the next design.

For each column design a number of different loading
conditions may be considered. With initial loading case the
user indicates whether it is a 'design' loading or a 'check'
loading. However for multiple loading cases, subsequent
loadings have to be a check at which case the program checks
the cross-section which was either entered or designed for
the initial loading for adequacy. In batch mode, the total
number of load cases must be entered. In interactive mode,
‘the total number of load cases is not required as the user
has an option to revise the loading conditions as he wishes.

For détail input procedure and data assigned by
default, the reader 1is referred to the USER'S MANUAL in

Appendix A.

2.4 Output

The user has an option of either obtaining a short
output or a 1long output. The short output provides
sufficient information to evaluate the design and to
construct the column and would be the usual output in design
practice. The 1long output provides additional detail
information, 1including an echo check of default values for
all input data and results of certain intermediate
calculations that permit monitoring of the design for

debugging purposes or for evaluating a peculiar condition.
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The outpﬁt for each design consists of the heading
entered by the user to identify the design, the date and
time problem was run to distinguish between multiple runs of
the same design if the heading was not altered. The heading
is also printed at the top of all subsequent pages for the
same design.

The short output also contains a summary of the control
parameters, such as building code, column type and the
loading conditions considered. When the loading case is a
design loading condition, the output will include the
loading and column section properties. When the loading case
isb a check loading, the output will consist of the loading
and a message indicating whether or not the section was
adequate. The exception to this rule is that when there is a
single loading case and it is a check loading, then both the
input loading and section properties are printed before the

message of adequacy.



3. ENGINEERING LOGIC

3.1 Introduction

This chapter discusses the engineering decisions used
in the column design program. In summary, the various steps
are as follows:
(a) enter or select initial concrete section that is minimum
consistent with loading, -
(b) enter or select 1longitudinal reinforcement that is
minimum consistent with reinforcing restraints and geometry,
(c) consider slenderness effects such as magnification
factor, and minimum moment to determine design loading,
(d) compute axial load and moment capacity of trial section,
and compare these values with applied axial 1load and
required moment,
(e) modify trial section if required,
(f)- evaluate 1longitudinal splices and select lateral
reinforcement.
These steps are described in detail in the following

sections.

3.2 Nomenclature and Sign Convention

The positive directions of the axial load and bending
moments acting at the centroid of the column section are
shown in Fig. 3.2.1. Reinforcement may be placed along only
the x~-face or the y-face, or both as long as double symmetry

with respect to axes through the centroid is maintained. The

11
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Fig. 3.2.1 Loading acting at the centroid of column section
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Fig. 3.2.2 Bars distributed in x-faces only
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bars placed in x and y -faces are perpendicular to the
respective axes as shown in Fig. 3.2.2 and 3.2.3. When bars
are placed 1in all faces, the corner bars are considered to

be located along the x-faces as shown in Fig. 3.2.4.

3.3 Uniaxial and Biaxial Bending

In uniaxial bending, user must indicate whether the
compression member 1is braced or unbraced about the x-axis
and enter the effective length factor and the unsupported
length about the x-axis. The moment about the x-axis, Mux,
acting with Pu, is primarily resisted by the reinforcement
in the y-faces.

In biaxial bending, 1in addition to the above data
input, the user must indicate whether the compression member
is braced or unbraced about the y-axis and enter the
effective length factor and the unsupported length about the
y-axis. Normally, the unsupported length about the x-axis is
the same as that about the y-axis. The moment about the
y-axis, Muy, acting with Pu; is primarily resisted by the
reinforcement in the x-faces.

When the entered moment value is less than the minimum
moment specified in the building codes, the specified
minimum moment is used. |

The program determines whether column deflects in
single or double curvature by examining the signs assigned
to the moments at the top and bottom of the column. A

negative sign to one of the entered moments indicates the
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column deflects in double curvature. When the signs are the
same, the column deflects in single curvature. The design
moment is the maximum absolute value of the moment entered

at either top or bottom of the column.
3.4 Concrete Dimensions

3.4.1 General Consideration

Dimensions of the column cross-section may be either
user entered or determined by the program. If determined by
the program each» column dimension 1is selected to be an
integer multiple of a predetermined length increment which
has a default value of 2 in. for Imperiél units and 50 mm
for SI units or it may be user entered. To maintain a
minimum initial trial so that all subsequent trials will be
larger, all computed dimensions are rounded down to the next
smaller value. For example, a computed value between 16.1
in. and 17.9 in. using the 2 1in. default value would be
selected as 16 in. Similarly, a value between 201 mm and 249
mm would be selected as 200 mm. If, however, the column
cross section dimensions are entered either as specific
values or, for a rectangular column as a single dimension
and a column aspect ratio, the program will not alter these
values, even if they are not an integer multiple of the
length increment.

A minimum concrete column dimension is built into the

program which is considered to be the minimum dimension that
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can be physically built with the type of materials
envisioned by the code. This minimum is 8 in, or 200 mm’
depending on units used and is the minimum dimension that
will be considered in the design mode. If a column dimension
less than this minimum is entered, an error message to this
effect is printed and the program will go to the next

problem,.

3.4.2 Selecting Initial Concrete Section

When the column dimensions are not entered, an initial

value of the column area, Ag° is computed from Egn. 3.4.1.

Ag° = Pu/g ac[0.85f'c+ pg (£y-0.85f'c)] (3.4.1)
where ac is the reduction factor to account for the reduced
capacity caused by the bending moments. The values of ac
used are 0.8 for tied and 0.85 for spiral columns which are
values corresponding approximately for minimum moment for
uniaxial bending. The value of Ps is the maximum
reinforcement ratio to be used in this design which may be
eitherluser entered or defaults to a value of 0.03. This
will result the smallest possible concrete cross-section
consistent with the restraints for the 1initial column
dimensions. ‘

If a circular and square column 1is specified, the
initial column dimensions are obtained directly using the
values of Ag®. If a rectangular column is specified by a

single column dimension or by the column aspect ratio, the
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unknoﬁn values can also be calculated from Ag® only. For a
rectangular column when uni-axial bending is specified, and
no dimension or aspect ratio 1is entered, the program
computes parameter Cy from Eqn. 3.4.2 which assumes minimum

eccentricity based on the input loading.

Cy = Mux/(0.1Pu) (3.4.2)
Cx can then be calculated from Ag®° only. For a rectangular
column when bending about both axes is specified, a column
aspect ratio R is determined from Egn. 3.4.3 which in
conjunction with Ag® is used to obtain the initial values of

Cx and Cy.

R = Cx/Cy = Muy/Mux (3.4.3)
If no moments are entered, R defaults to 1.0. This same
aspect ratio is maintained for all future increments of

dimension, if required.

3.4.3 Incrementing Concrete Section

Using the initial concrete section, the program
attempts to select 1longitudinal reinforcement consistent
with the reinforcing constraints. If no such reinforcement
can be found, the column dimensions, 1if not entered, are
incremented 1in accordance with the following rules and the
process of sélecting reinforcement repeated. Consistent with
the 1input philosophy, when a concrete dimension is entered

it will not be altered by the program. When a dimension is
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éltered the increment will be the single step of the current
valué of the length increment.

When no column dimensions are entered but the shape is
specified as square, both column dimensions are incremented
equally by the length increment. If no column dimensions or
aspect ratio are entered and the shape entered |is
rectangular, the smaller cross-section dimension is
increased 1in increments until a square section is obtained.
If a still 1larger section 1is required, the increments
alterate between the directions first Cy then Cx attempting
to maintain as close to a square section as possible. When a
column aspect ratio is entered, a similar procedure exists
‘except that the dimensions incremented are such as to most
closely approximate the entered aspect ratio.

After a possible section of concrete with steel |is
selected, the slenderness ratio must be checked to determine
whether the column is short or long. For wuniaxial bending,
when the column is long and the critical axial load is less
than the nominal axial 1load, a larger column area 1is
required. This is obtained by computing a new value of Ag as
described in Section 3.6 and new column dimensions
consistent with the rules for selecting initial trial
section as ou;lined in Section 3.4.2 are obtained.

The trial section 1is then checked for adequacy in
strength. When the seetion is not adequate, the longitudinal
reinforcement 1is 1incremented first as described in Section

3.8. Should a suitable reinforcement pattern not be found
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the concrete dimensions will be increased in accordance with

the rules given in the second paragraph of this section.

3.5 Selection of Longitudinal Reinforcement

All reinforcing patterns whether entered or determined
by the program must be symmetrical about the centroidal
co-ordinate axes. For tied columns, however, bars may be
placed along all sides or only on opposite sides if
cross-section 1is square or rectangular. For spiral columns,
the bars must be in a circular pattern regardless of whether
column cross-section is circular or square.

When using the program in check mode, the reinforcement
pattern, the bar size, and the total number of bars must be
entered. Normally, the bar size 1is entered by assigning
equal values to the minimum and maximum bar size, but if
they are not equal, the program will use only the minimum
bar size.

Whén using the Vprogram in design mode, only the
reinforcement pattern must be entered. Minimum and maximum
bar size may be either user specified, or defaults to #5 and
#11 in ACI and #15 and #35 in CSA. The maximum reinforcement
ratio, which controls the maximum area of steel that can be
used before the concrete section is incremented, is either
entered or defaults to a value of 0.03.

The program computes the 1initial steel area by
multiplying the trial concrete dimensions by the minimum

percentage of steel permitted by the controlling building
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code. This will ensure that the most economical section is
tried. When the specified number of bars is not entered, the
program then computes the number of bars having a size equal
to the minimum bar size and rounds this number upwards to
the next even integer. This number is then compared to the
maximum number of bars for that section which may be either
user entered or defaults to the values given in Table 3.1.
When the required total number of bars is greater than the
maximum number, the bar size will be increased providing it

" has not reached the maximum bar size limit.

Dimension Maximum number
in. mm bgﬁs
<16 <400 8
18 - 22 450 - 550 12
24 - 30 600 - 750 16
32 - 36 800 - 900 20
etc.

Table 3.1 Default values for maximum number
of bars in section

The wvalues given in Table 3.1 are considered to be
representative of those used in practice and are calculated
by the program when the column dimension exceeds 400 mm or

16 in. by the following expressions :
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for CSA

NO. OF BARS =(C'/200 + 1)4
and for ACI

NO. OF BARS =(C'/8 + 1)4
where C' is integer equivalent of the column dimension along
which the reinforcement is located, but for reinforcement
pattern in both faces, the short dimension governs.

For the case when the user wishes to input the number
of bars, and bars are in both faces, the number of bars in
the\x—face and y-face must be specified separately. The
number of bars in the x-face includes the corner bars as
shown in Fig. 3.2.4. When the specified number of bars is
not entered, the program consistent with the pattern input
computes the number of bars in the x and y -faces by
considering the following conditions. If the bendﬁng moment
about the x-axis 1is greater than the moment about the
y-axis, the number of bars in the y-faces will be either
greater than or eqqal to the number of bars in the x-faces
not including the corner bars. This is accomplished by the
following expressions ( Fig. 3.5.1 ):

for bars in x-faces,

Nx = (Nmax+4.)/4.

for bars in y-faces,

Ny = (Nmax-4.)/4. + 0.51

where Nmax is a real number equivalent of the required total
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number of bars founded upwards to the next 'even whole
number, and Nx and Ny are integer equivalents of the values
obtained.

Similarly, if moment about the x-axis 1is less than the
moment about the y-axis, bars in the y-faces will be either
less than or equal to bars in the x-faces not including the
corner bars. The corresponding expressions are (Fig. 3.5.2):

for bars in x-faces,

Nx = (Nmax+4.)/4. + 0.51

for bars in y-faces,

Ny = (Nmax-4.)/4.

The number of bars 1is also compared to the minimum
number of bars permitted for that cross-section to satisfy
building code requirements. When in check mode and the
number of bars entered is less than the minimum number, an
error message is printed and the program proceeds to the

next problem. When in design mode and the number of bars

-either computed or entered is less than the minimum number,

the number of bars is increased to this minimum value.

The required minimum clear bar spaéing is determined by
taking the larger value of either 1.5 times the bar diameter
or a predetermined minimum clear bar spacing which has a
default value of 1.5 in. for Imperial units and 40 mm for SI
units. In calculating the actual bar spacing, the default

values of the minimum diameter of lateral reinforcement and
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the minimum value of concrete cover specified by the
building codes are used unless other values have been
entered or the codes control the size of lateral
reinforcement diameter consistent with the reinforcing
constraints. If the bar spacing is less than the specified
minimum spacing, a new design using the next larger bar size

will be attempted providing the bar size has not reached the

maximum bar size limit or that the number of bars to be used

has not been entered, otherwise the computed concrete
section will be increased to satisfy the reinforcement
constraints. However should the concrete dimensions be user
entered an error message indicating that the design cannot
be completed with the entered constraints is printed and the
program proceeds to next problem.

After a trial column cross-section including
longitudinal reinforcement has been found with sufficient
. capacity to. resist the loading, the value of the
reinforcement ratio is computed. When this value exceeds the
maximum reinforcement ratio applicable to the design, the
concrete dimensions, if not user entered, are increased and
a new cross-section is obtained. This process 1is repeated
until a cross-section meeting all constraints is determined.
Should this not be possible a message indicating the
constraints that cannot be satisfied 1is printed and the

program proceeds to the next problem.

R —
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3.6 Evaluation of Slenderness Effects

3.6.1 Computation of Moment Magnifier

Before checking the capacities of the trial
cross-section, it must be determined whether the column is
long, that is the effects of slenderness must be considered.
This decision 1is made in accordance with the building code
standards.

For members braced against side-sway, the slenderness
effepts may be neglected when the slenderness ratio, k4u/r,
is less than 34-12(M,; /M:), in which k is the input value of
effective length factor, fu is the unsupported 1length of
column, r is the radius of gyration of the cross-section of
the column, M, /M, is the ratio of moments at the ends of
the column. For members not braced against side-sway, the
slenderness effects may be neglected when the slenderness
ratio is less than 22. For long columns the slenderness
effect is considered using moment magnifier method to
increase the applied moments with a magnification factor.

For long braced columns the moment magnifier, &, is
computed from the input loading and geometry.

6§ =Cm/[1-(Pu/gPc)] 2 1.0 (3.6.1)
where Pc= 72 EI/(k+fu)? (3.6.2)
Cm=0.6+0.4(M, /M;) 2 0.4 (3.6.3)
If the equivalent moment factor, Cm , is less than 0.4, it

is set to 0.4.



26

The critical axial load, Pc, is a function of the trial
section and 1involves the flexural stiffness, EI. This is
initially computed as

EI=(0.2Ec Ig + Es Ise)/(1+ ﬁ;) (3.6.4)
in which Ec is modulus of elasticity of concrete, Ig is
moment of inertia of gross concrete section about the
centroidal axis, Es is modulus of elasticity of steel, B4 is
ratio of maximum factored dead load moment to maximum
factored total load moment, Ise is moment of 1inertia of
reinforcement about the centroidal axis of the member
cross-section as described in Section 3.6.2. For wuniaxial
bending about the x-axis, the critical axial 1load |is
compared with the applied axial load, Pu. When the critical
axial load 1is greater than the nominal axial load, compute
the moment magnifier. If the moment magnifier is less than
1.0, it is set to 1.0. However when the critical axial load
is less than the nominal axial load, a larger column area 1is
required. This is obtained by using a conservative value of
EI from Egqn. 3.6.5 and computing a néw value of Ig from Egn.
3.6.6.

EI=0.4Ec Ig/[1+ B84] (3.6.5)

Pul1+ B4 llk4u/7]?

Ig= (3.6.6)
#0.4Ec

in which the value of Pu/g is used instead of Pc. When a new
value of column area, Ag as a function of Ig, is obtained,
new column dimensions consistent with the rules for

selecting initial trial section as outlined in Section 3.4.2



27

are obtained. The process of selecting reinforcement and
checking slenderness effects is repeated until the critical
axial load is greater than the nominal axial load.

For long unbraced columns the sum for the axial load,
ZPu , and critical load, ZPc , for all columns in that floor
are required and these values must be entered manually.
However when these values are not entered, a message
indicating that insufficient information to compute moment
magnifier‘ is printed and the program proceeds to the next
problem. The moment magnifier for long unbraced column 1is
computed as follows : ‘

| 8=Cm/[1-( ZPu/g ZPc)]

in which Cm=1.0
I1f the term gZIPc is less than ZPu, an error message to this
effect is printed and the program proceeds to the next

problem.

3.6.2 Evaluation of Ise

The evaluation of the moment of inertia - of
reinforcement Ise for long braced columns with bars
distributea in four different patterns is described in the
following parts.

(a) Considering moment of inertié of reinforcement 1is
taken about the centroidal axis of the member cross section,
and using direct application of statics, the general formula

for moment of inertia of reinforcement 1is:
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Ise= L, [AsiXsi?]
in which Asi is the total area of bars at i line, Xsi is the
distance from the centroid of bars at 1 1line to the
centroidal axis of the section.
For bars in the x-face only, moment of inertia of

reinforcement about y-axis (Fig. 3.6.1):

Isey=0.25Astyx? Cx?
where
yx=[Cx-2dc-2ds~-db]/Cx
Also, moment of inertia of reinforcement about x-axis

(Fig. 3.6.2):

Isex=[4AstZ y(i)?]/Nmax

where

y(i)=0.5yyCy-(i-1) (db+Sb)

yy=[Cy-2dc-2ds-dbl/Cy

i=1,L, L=(Nmax-1.)/4. +0.51
in which y(i) is the distance from the centroid of bars at i
line to the x-axis, i1 is the line where bars are located
starting from the extreme bars,.the term L here is rounded
upwards to the nearer next integer.
(b) Similarly, for bars in the y-face only, moment of

inertia of reinforcement about y-axis:

Isey=[4AstZ x(i)?]/Nmax

where
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-x(i)=0.57xCxi(i—1)(db+Sb)

vx=[Cx-2dc-2ds-db]l/Cx

i=1,L, L=(Nmax-1.)/4. +0.51
in which X(i) is the distance from the centroid of bars at i
line to the y-axis, the terms i and L here are similar to
those defined in part (a).

Also, moment of inertia of reinforcement about x-axis:

Isex=0.25Astyy? Cy?
where
yy=[Cy-2dc-2ds-db]/Cy
(c) For bars in both faces, moment of inertia of
reinforcement about y-axis (Fig. 3.6.3):

when no bars in y-face,

Isey=0.25Asxyx? Cx?

otherwvise,

Isey=0.25Asxyx? Cx? +(2Asy/Ny)Zx(i)?

where

x(i)=0.5yxCx-db-Sby-(i-1) (Sby+db)

i=1,L, L=(2.Ny-1.)/4. +0.51
in which i is the line where bars are located starting from
the extreme bars in y-faces, the term L here is defaults to
1 when bars are less than two in each y-face.
Also, moment of inertia of reinforcement about x-axis (Fig.

3.6.4):
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Isex=0.25Asyyy? Cy? +(2Asx/Nx)Zy(i)?
" where
y(i)=0.5yyCy-(i-1) (Sbx+db)
i=1,L, L=[2.Nx-1.]/4. +0.51
in which the terms i and L here are similar to those defined
in part (a).
(a) For bars in round face, moment of inertia of

reinforcement about y-axis (Fig. 3.6.5):

Isey=[Ast(0.5Ds? +4Z x(i)?]/Nmax
where
x(i)=(0.5Ds)cos(i6)
i=1,L, L=(Nmax-3.)/4. +0.51
in which i is the 1line, where bars are located not in
diameter centroidal axis, starting from the extreme bars,
the term L here is similar to that defined in part (a).

Also, moment of inertia of reinforcement about x-axis:

Isex=[Ast(0.5MDs? +4Z y(i)?*]/Nmax
where
y(i)=(0.5Ds)sin(if)
M= (Nmax-L)/Nmax
i=1,L, L=(Nmax-4.)/4. +0.51
in which the term M is defaults to 1 when bars are located
in the centroidal y-axis of the member cross section,

otherwise, M is defaults to 0.
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3.6.3 Minimum Moment

Determine whether design of compression members is
governed by either the minimum eccentricities specifiéd in
the building codes or the actual computed eccentricity. When
the actual computed eccentricity is less than the specified
minimum, the design moment is based on the specified minimum

eccentricity rather than the entered moment.

3.7 Evaluation of Strength Capacity

-When the strength capacity 1is computed, the trial
section and ioading have been modified for slenderness and
minimum moment effects. For uniaxial bending, assume strains
in steel and concrete are linearly distributed and the
maximum usable compression strain in the extreme fibre of
the concrete is limited to 0.003. When steel strains are
greater than that corresponding to fy, the stress in ‘the
reinforcement is taken equal to fy (Fig. 3.7.1). Stresses in
the concrete are assumed to follow the -equivalent

rectangular stress block for concrete in flexure.

To determine the section capacity it is necessary to

find the location of the neutral axis. This is accomplished
by considering the location of neutral axis as the unknown
value and expressing the internal forces as a function of
this value.

Theoretically it is possible to sum the moments of
these internal forces about the point of application for the

applied axial load. This could permit determining the

[ —
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location of the neutral axis for the minimum required moment
capacity which also corresponds to the maximum axial load
capacity. This axial load capacity will then be computed and
compared to the applied axial load. If axial load capacity
is greater section 1is satisfactory. If not trial section
must be increased.

Although the program follows the above philosophy, the
procedure was altered to overcome certain practical
difficulties. For example unless a specific value of the
‘location of neutral axis is used, it is not known whether
the steel has yielded. In addition if depth of equivalent
rectangular stress block is longer than the distance from
extreme compression fibre to centroid of tension
reinforcement, a correction for the effect of concrete
displaced by compression steel will be considered. For these
reasons, the location of the neutral axis was determined
using the interval halving technique as described in the
following paragraph of this section (Fig. 3.7.2).

The procedure of the interval halving technique is as
follows:

(ij Initially two 1limits for the location of the neutral
axis are determined; the upper liﬁit as h/f, and the iower
limit as the location of neutral axis at balanced condition
(ii) Using a location of neutral axis as midway between the
two limits established in (i) compute the moment capacity.

(iii) I1f capacitylis greater than applied moment, set lower

limit as location of neutral axis obtained in (ii)
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and compute new location as midway between limits.

(iv) 1If capacity 1is less than applied moment, set uppe;
limit as location of neutral axis obtained in (ii) and
compute new location as midway between limits.

(v) Procedure repeated until difference between upper and
lower limits is equal to or less than 5 mm or 0.2 in..

Using the above procedure the axial capacity will
always be greater than that corresponding to balanced
conditions, which is generally the most economical solution.
However for wuniaxial bending and in check and design mode
using the above procedure the axial 1load corresponding to
the moment capacity used for selecting the position of
neutral axis will be the maximum axial 1load and not the
minimum axial load. Therefore the program should not be used
in check and design mode for members approaching beams, that
is for members with larger bending moments about one axis
but relatively small axial loads.

The determination of the strength capacity in concrete
Cc for circular columns as well as for square columns with a
circular core are more complicated than rectangular columns
because of the difficulty in treating the circular segments
and the steel bars placed around the circular core, however
the same philosophy is followed.

For biaxial bending, a similar analysis is performed
for Muy, the moment about y-axis acting in conjunction with
Pu. The trial neutral axis and the strength capacity about

y—axis are determined.
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3.7.1 Adequacy Check in Strength

Before the resisting strength capacities of the trial
séction are compared with applied strength capacities, it
must be determined whether the assumed capacity reduction
factor of 0.7 for tied and 0.75 for spiral needs to be
modified. This is accomplished by comparing the applied
axial load Pu with P' which is the smaller of 0.1(f'c)Ag or
Pb at the balanced condition. When Pu is less than P', a new
capacity reduction factor is obtained from the program using
the expressions (Fig. 3.7.3) :

New ¢ = ¢ + (0.9-g)(P'-Pu) /P’

The axial load capacity is checked against the applied
axial load. When the axial load capacity is less than 97% of
‘the applied axial 1load, 1in design mode, the section is
modified, but when it happens in check mode a message 1is
printed and the program proceeds to the next problem.

The investigation of adequacy check 1in strength in
biaxial bending is not so simple as in uniakial bending. In
biaxial bending, the applied axial load Pu is tested against
0.1(f'c)Ag. When the value of Pu is greater than 0.1(f'c)Aq,
the Breslef Reciprocal Load Method is wused to verify the
selected section, otherwise the PCA Load Contour Method is
used.

In the Bresler Reciprocal Load Method, the general
equation used to calcuate the provided axial load capacity,

gPi, for a selected column section under biaxial bending is:
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1/(#Pi) = 1/(gPnx) + 1/(gPny) - 1/(gPo)
where

Pi=approximation of nominal axial load strength at

eccentricities ex and ey

Pnx=nominal axial load strength for eccentricity ey

along the y-axis only (x-axis is axis of bending)

Pny=nominal axial load strength for eccentricity ex

along the x-axis only (y-axis is axis of bending)

Po=nominal axial load strength for zero eccentricity
in which Po = 0.85f'c(Ag-Ast) + fy(Ast)

In making an adequacy check, the provided axial load
capacity, @Pi, 1is compared with the applied axial load Pu,
in a manner similar to that in uniaxial bending.

The equation is simple in form and the variables are
easy to determine and program. The equation also gives
reasonable results for loads above balanced condition load
(14). Bresler (25) indicates that the experimental test
results have shown the equation to be reasonably accurate
when flexure does not govern design.

When the value of Pu is less than 0.1(f'c)Ag, the PCA
Load Contour Method is used to check the seleéted section.
This approach, developed by Parme, Nieves and Gouwens, is an
extension of the Bresler Load Contour Method described in
the last paragraph of this section by approximating the load

contour equations as straight lines (14).

(Mox ) equiv=Mux+Muy (Mox/Moy) [ (1-Bb) /Bb]
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for Muy/Mux < Moy/Mox
or (Moy)equiv=Muy+Mux (Moy/Mox)[ (1-Bb)/Bb]

for Muy/Mux 2 Moy/Mox
in which Bb= B25 + 0.2(Pu/gCc-0.25)/(0.85+Cs/Cc)

for Pu/g 2 0.25Cc

or Bb= B25 + (0.25-Pu/gCc)? (0.85-Cs/2Cc)

for Pu/g < 0.25Cc

where Cc=£f'cCxCy
Cs=Asfy
B25 is the minimum value of Bb which occurs at Pu/g=0.25Cc ,
Mux and Muy are the applied moment strengths of a colﬁmn
about its x-axis and y-axis, respectively, Mox 1is the
resisting moment strength of a column about its x-axis only
without bending about the y-axis, and Moy is the resisting
moment strength of a column about its y-axis only without
bending about the x-axis.
In the region where Cs/Cc 2 0.5:
B25= 0.485+0.03Cc/Cs
In the region where Cs/Cc < 0.5:
B25= 0.545+0.35(0.5-Cs/Cc)

Having determined which portion of the bilinear interaction
curve is to be used, the selected section 1is verified.
Design is adequate when

[Mux/(Mox)equi] + [Muy/(Moy)equil[(1-Bb)/Bbl

A

1.0
for Muy/Mux < Moy/Mox

or [Muy/(Moy)equil] + [Mux/(Mox)eguil[(1-Bb)/Bb]

IA

1.0

for Muy/Mux 2 Moy/Mox
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ﬁhen the above equation gives a value greater than 1.03, in
design mode the trial section needs to be modified, but when
it happens in check mode a message 1is printed and the
program pfoceeds to the next problem.

Parme, et al (25) indicate that this PCA approach

.yields values sufficiently accurate for design, even for

sections that are rectangular or have unequal reinforcement
in the two adjacent faces. Gouwens (14) mentions that this
procedure is a simple but accurate, conservative and
complete method of design.

For the Bresler Load Contour Method, the general

equation is

[Mux/(Mox)equi]a+ [Muy/(Moy)equi]ﬁ= 1.0
in which the values of the exponents « and $ are a function
of the amount, distribution and location of reinforcement,
the dimension of the column, and the strength and elastic
properties of the steel and concrete. Wang and Salmon (26)
mentions that a value of « that 1is applicable to the
particular column has to be investigated. Bresler (25)
indicates that it is reasonably accurate to assume that a =
| B . With a set at unity, the equation will always yield
conservative results but the wuse of the equation becomes
very conservative for high axial loads or low percentage of
reinforcement and should only Be used when the applied axial

load Pu is less than 0.1(f'c)Ag.
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3.8 Modification of Trial Section

When the trial section is not adequate to provide the
required strength, the longitudinal reinforcement is
incremented first. When the specified nﬁmber of bars is not
entered or the required total number of bars 1is less than,
the maximum number of bars for that section, the required
total number of bars is incremented by a integer of 2, and
then the process of -selecting longitudinal reinforcement
repeated. If the specified number of bars is entered or the
required total number of bars has reached the maximum number
of bars, the bar size will be increased providing it has not
reached the maximum bar size 1limit. Should a suitable
reinforcement pattérn not be found, the concrete dimensions
will be increased 1in accordance with the rules for

incrementing concrete section as outlined in Section 3.3.3.

3.9 Evaluation of Longitudinal Splices

Once a trial cross section 1is obtained that is
consistent with the entered restraints and is adequate to
satisfactorily carry the 1loading, this trial section is
selected as the final design. The program then proceeds to
examine possible splices types and to select the lateral
reinforcement.

For tied columns, a check is made to determine whether
the reinforcement pattern can be accommodated with normal
lap splices and/or tangential 1lap splices (3). See Figqg.

3.9.1 and Fig., 3.9.2. This is accomplished by the following
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Fig. 3.9.1 Normal lap splices
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Fig. 3.9.2 Tangential lap splices
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expressions :
For bar diameter, db, is less than or equal to #25 bar in

CSA or #8 bar in ACI code,

b2=b1+[ (2sb,+2db) cos#-0.586db-2sb, ]
where bi1=2(cover+tie diam.)+n*db+(n-1)sb,
6 =arcsin[(1- /0.5)dbl/(sb,+db)
for normal lap spliées
b3=2(cover+tie diam.)+(2n-1)db+(n-1)sb;,
for tangeﬁtial lap splices
For bar diameter, db, is greater than #25 bar in CSA or #8
bar in ACI,

b2=b1+1.38db
where bl1=2(cover+tie diam.)+n*db+(n-1)1.5db
for normal lap splices
b3=2(cover+tie diam.)+(2n-1)db+(n-1)1.5db
for tangential lap splices
iﬁ which n is number of bars per face, but for the case
where bars are in both faces, n is the larger number of bars
either in x or y -face, b1,b2 and b3 are the minimum column
dimension where bars are located, and sb, is the minimum
clear bar spacing. If b2 and/or b3 are less than the design
column dimension where the reinforcement 1is located, an
appropriate message is printed indicating which type of

splices can be accommodated.
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For spiral columns, a check is made to determine
whether the reinforcement can be accommodated with normal
lap splices and/or tangential lap splices (3). This is
accomplished by determining the number of bars nn and nt
which are the maximum number of bars that can be
accommodated using normal and tangential spliées,
respectively using the following expressions :

When bar diameter, db, is less than or equal to #25 bar in

CSA or #8 in ACI code,
180

nn=
arcsin[(sb, +db)/(h-3db-2(cover+spiral diam.)]

nt= 180/R

where R = arcsin[(sb, +db)/(h-db-2(cover+spiral diam.)]
+ arcsin[db/(h-db-2(cover+spiral diam.)]

When bar diameter, db, is greater than #25 in CSA or #8 in

ACI code,
180

nn=
arcsin[(2.5db)/(h-3db-2(cover+spiral diam.)]

nt=180/R1

where R1 = arcsin[(2.5db)/(h-db-2(cover+spiral diam.)]
+ arcsin[db/(h-db-2(cover+spiral diam.)]

A message indicating the types of splices that can be
accommodated is printed.

Consistent with the building code provisions, the
program does not permit the use of lap splices for bar

diameters greater than #35 in CSA or #11 in ACI.
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3.10 Selection of Lateral Reinforcement

For tied columns, the required tie spacing per set is
the least of:
(a)16 times the diameter of the smallest longitudinal bars;

(b)48 times tie diameter;

" (c)the least dimension of the compression members.

Lateral ties are required for all corner bars. If the
minimum clear bar spacing between adjacent interior bars is
greater than a predetermined maximum clear tied bar spacing
(default values of 150 mm in CSA or 6 in. in ACI), lateral
ties are required for interior bars.

For spiral columns, the ratio of spiral reinforcement,

p, defined as :-

Volume of spiral in one loop

pPs =
Volume of core for a length S

nds? (Dc-ds)

Dc?S

Also the minimum value of spiral reinforcement to qualify as
a spiral column has been determined from tests énd is
specified in the building caodes as

p. =0.45(Ag/Ac-1)(f'c/fsy)
in which Dc is the diameter of the core, ds is the lateral
spiral diameter, and S is the maximum spacing between

spirals. These two equations for p, are used to solve for S.
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The minimum number of vertical spacers

determined consistent with the code requirements.

is
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4. ILLUSTRATIVE EXAMPLES

This chapter is intended to illustrate the use of the
program, COLUMN1. Detailed mode processing and control
commands and data entries are discussed in Appendix A :
USER'S MANUAL., Several examples demonstrating most of the
features of the program are presented. Input data files and
computer standard outputs of sample problems are also

presented.

4.1 Example 1 - Short Tied Column (Braced)

Design a square tied column for uniaxial bending about
the x-axis with bars distributed along both faces in
accordance with the requirement of CSA A23.3-M77. Column is
braced with wunsupported length of 3000 mm. The material
properties for this project are f'c = 30 MPa, fy = 400 MPa
and fsy = 400 MPa. All the.loadings are unfactored and three
load cases are considered.

Load Condition Axial Force Moment at Top Moment at Bottom

(RN) (KN=-M) (KN=-M)

LC1 :Dead Load 1880 120 -120
Live Load 2720 190 50

LC2 :Dead Load 1880 120 -120
Live Load 2160 270 70

LC3 :Dead Load 2000 150 150
Live Load 3000 200 200

This example 1is executed in batch mode. The computer
input is presented in Fig. 4.1.1. The computer output is
presented in Fig. 4.1.2 and the selected column section is

shown in Fig. 4.1.5.

50
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In the input file when the optional entries are not
entered, default values are assigned. For this example,
default values for the maximum reinforcement ratio of 0.03
and minimum bar size of #15 are used. The program determines
whether column deflects 1in single or double curvature by
examining the signs assigned to the moments. A negative sign
to one of the entered moments indicates the column bends in
double curvature.

The output consists of an echo check of the essential
design parameters including the design load conditions and
the required section. Additional design messages are
printed. For the section selected based on the first 1load

case, the axial load capacity 1is only 0.986 times the

applied axial load. Although this value is 1.4% low it |is

within the tolerance of 3% underdesign used by the program.
For the additional load cases, the section 1is not altered
but is checked for adequacy. For the second load case, the
section is satisfactory. For the last load case, the section
is not satisfactory to carry the imposed loadings. This is
due in part to the moment carrying bending 1in single
cufvature. At this stage, the execution of the program is
terminated because the variable TPROB is given a value of 6.

In keeping with the philosophy of the program in
selecting a satisfactory solution using the minimum concrete
section and bar size consistent with the restréints, the
design terminated when a satisfactory design using #25 bars

was obtained. This will generally be the most economical
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section. However in some caées the designer may want to see
the effect of using a still larger bar which is accomplished
be rerunning the problem with a specified minimum bar size
of #30.

To illustrate the revision options using the
interactive mode, Example 1 is rerun using the interactive
mode and only the first 1load case. The selection of the
interactive mode must, of course, be specified at the time
of running the program. Input lines are then prompted and
entered separately as requested and would essentially be the
same as the first 7 lines of Fig. 4.1.1. The solution would
be the same as obtained for the batchvrun and is shown 1in
the first part of Fig. 4.1.4 which is the output using the
hard copy option after all revisions have been made and the
design terminated. Fig. 4.1.3 illustrates that portion of
what is displayed on the screen at the time the revision of
the minimum bar size 1is changed to #30. Note that the
revision option permits altering only one line at a time but
the entire 1line containing the revision must be entéred.
Once the revised line has been entered, the program executes
the design using the revised values resulting in the display
in the bottom portion of Fig. 4.1.4.

It should be noted that although the format required
for an entry line is displayed the entry shown uses the
option available under the MTS operating system which uses a
comma to designate the end of a field specification. Note

also that a blank space is required with no comma after the
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entry for reinforcement pattern since this is in A2 format.
It is seen that the new design shown in Fig. 4.1.6 has
the same concrete dimensions as the previous one but uses 8
#30 bars which is 6.1% less steel for the design 1load
condition. In this example the use of the larger bars would
appear more economical but as with the first design the
revised section 1is still not adequate for the last loading

case.
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SHORT TIED COLUMN1 (BRACED)

CT 30
30. 400. 400. 0. 0.
S 0.0 0.00.00 0.0 0.0 0.0
B 0.0 0 0 0 0 000
v 1 1.000 3000. 0 0.000 0.
U 1880. 2720. 120. 190. -120. 50.
D 0. 0. 0. 0.
u 1880. 2160. 120. 270. -120. 70.
L 0. 0. 0. 0.
u 2000. 3000. 150. 200. 150. 200.
g 0. 0. 0. 0.

Fig. 4.1.1 Batch input for example 1
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SHORT TIED COLUMN1 (BRACED) PAGE

500 A R R o K o o 2 R O o R K o K o o o
» 00:52:23 JAN 27, 1984
TYPE = TIED DESIGN CODE = CSA A23.3-M77
ABOUT X-AXIS : BRACED, EFF. LENGTH = 3000. MM
MATERIAL PROPERTIES :

CONCRETE : COMP. STRENGTH = 30. MPA
DENSITY = 2400. KG/CUBIC METER
MODULUS OF ELAS. = 27691. MPA
LONG. STEEL : YIELD STRESS = 400. MPA
MODULUS OF ELAS. = 200000.MPA
TIES : YIELD STRESS = 400. MPA
DESIGN LOAD CONDITION :
PU = 7256. KN
MUX = 481. KN-M, MUY = 0. KN-M
CONCRETE DIMENSION :
CX = 650. MM, CY = 650. MM
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.014

8- #25 BARS IN X-FACES
4- #25 BARS IN Y-FACES

TIES :
#10 @ 403. MM SPACING

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN DOUBLE CURVATURE ABOUT X-AXIS
FOR SECTION SELECTED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.986 TIMES
THE APPLIED AXIAL LOAD
TANGENTIAL LAP SPLICES CAN BE USED

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN X-FACE

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN Y-FACE

ADDITIONAL LOAD CONDITION :
PU = 6304. KN

Fig. 4.1.2 Batch output for example 1 (continued)

1
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SHORT TIED COLUMN1 (BRACED) PAGE 2

t*‘*t****#t*tt“#‘*“***#*##**#t##tt*#****‘#‘#‘**‘*t#*#***‘*
MUX = 627. KN-M, MUY = 0. KN-M
ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN DOUBLE CURVATURE ABOUT X-AXIS
FOR SECTION ENTERED THE AXIAL LOAD CAPACITY
. UNDER APPLIED MOMENT IS 1.009 TIMES
THE APPLIED AXIAL LOAD
ADDITIONAL LOAD CONDITION :

PU = 7900. KN
MUX = 550. KN-M, MUY = 0. KN-M

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
FOR SECTION ENTERED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.906 TIMES
THE APPLIED AXIAL LOAD

#* SECTION IS NOT ADEQUATE FOR THIS LOADING ==

Fig. 4.1.2 (continued)

[N
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NEXT OPTION=? REVISE ABOVE PROBLEM, ENTER 1
GO TO NEXT PROBLEM,ENTER 2
TERMINATION OF PROGRAM,ENTER 3

1

REVISE OPTION=? ALTER MATERIAL ONLY,ENTER 1
ALTER CONCRETE GEOM. ONLY,ENTER 2
ALTER STEEL GEOM. ONLY,ENTER 3
ALTER STABILITY GEOM. ONLY,ENTER 4
ALTER LOADS ONLY,ENTER 5

3
RFACE=? PG=? BMAXX=? NBS=? BSMIN=#? BSMAX=#? DS=#? NX=? NY=?
( A2,F7.4,414,13,212)
REINF. PATTERN : X FOR X-FACES, Y FOR Y-FACE
B FOR BOTH FACES, C FOR CIRCULAR
REINF. RATIO : 0 DEFAULT TO 0.03
MAX. PERMISSIBLE NO. BARS : 0 DEFAULT VALUE BY PROGRAM
TOTAL NO. BARS : (NX, NY REQUIRED IF BARS IN BOTH FACES)
MIN. BAR SIZE : 0 DEFAULT TO 15 OR 5
MAX. BAR SIZE : 0 DEFAULT TO 35 OR 11
MIN. LATERAL REINF. : 0 DEFAULT TO 10 OR 3

NO. BARS IN EACH X-FACE : (NBS IS ENTERED)
NO. BARS IN EACH Y-FACE : (NBS IS ENTERED)

B 0.,0,0,30,

Fig. 4.1.3 Interactive input for example 1



58

SHORT TIED COLUMN1Y (BRACED) PAGE 1t

R K KRR
00:57:03 JAN 27, 1984
TYPE = TIED DESIGN CODE = CSA A23.3-M77
ABOUT X-AXIS : BRACED, EFF. LENGTH = 3000. MM
MATERIAL PROPERTIES :

CONCRETE : COMP. STRENGTH = 30. MPA
DENSITY = 2400. KG/CUBIC METER
MODULUS OF ELAS. = 27691. MPA
LONG. STEEL : YIELD STRESS = 400. MPA
MODULUS OF ELAS. = 200000.MPA
TIES : YIELD STRESS = 400. MPA
DESIGN LOAD CONDITION :
PU = T7256. KN
MUX = 491, KN-M, MUY = 0. KN-M
CONCRETE DIMENSION : ‘
CXx = 650. MM, CY = 650. MM
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.014

8- #25 BARS IN X-FACES
4- #25 BARS IN Y-FACES

TIES :
#10 @ 403. MM SPACING

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN DOUBLE CURVATURE ABOUT X-AXIS
FOR SECTION SELECTED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.986 TIMES
THE APPLIED AXIAL LOAD
TANGENTIAL LAP SPLICES CAN BE USED

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN X-FACE

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN Y-FACE

REVISE OPTION = ALTER STEEL OF GEOMETRY PROPERTIES ONLY
CONCRETE DIMENSION :

Fig. 4.1.4 Interactive output for example 1 (continued)

J—Y



SHORT TIED COLUMN1 (BRACED) PAGE
0 0 o o o o o o o R K o o S K o o K K o oo o o K

CX = 650. MM, CY = 650. MM
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.013

6- #30 BARS IN X-FACES
2- #30 BARS IN Y-FACES

TIES :
#10 @ 478. MM SPACING

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN DOUBLE CURVATURE ABOUT X-AXIS
FOR SECTION SELECTED THE AXIAL LOAD CAPACITY
UNOER APPLIED MOMENT IS 0.975 TIMES
THE APPLIED AXIAL LOAD

TANGENTIAL LAP SPLICES CAN BE USED

Pig. 4.1.4 (continued)
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Fig. 4.1.6 Column section for example 1 specifying #30 bars
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4.2 Example 2 - Spiral Column (CSA)

'Design a circular spiral column for uniaxial bending_
about the x-axis in accordance with the requirement of CSA
A23.3-M77. Column is braced with the unsupported length of
3000 mm. The material properties for this project are f'c =
30 MPa, fy = 350 MPa and fsy = 300 MPa. All the loadings are
factored. This column is subjected to an axial dead and live
load of 3520 KN and 5280 KN respectively, with a dead load

and a live load moment at both the top and bottom of column

"of 112 KN-M and 168 KN-M respectively.

This example 1is executed in batch mode. The computer
input is presented in Fig. 4.2.1. The computer output is
presented in Fig. 4.2.2 and the selected columh section is
shown in Fig. 4.2.3.

The computer input and output are similar to that in
example 1. In this example, the actual computed eccentricity
is 1less than the specified minimum, therefore the minimum
moment specified in the building codes is used. The axial
load capacity is only 0.974 times the applied axial load
which while 2.6% 1low is within the tolerance of 3%

underdesign used by the program.



S
C
C
C
U
F
D
6

PIRAL COLUMN (CSA)
S 10

30. 350. 300. 0. 0.
0.0 0.0 0.00 0.0 0.0 0.0

0.0 o 0 0 0 0
1 1.000 3000. 0 0.000 0.
3520. 5280. 112, 168. 112.

0. 0. 0. 0.

Fig. 4.2.1 Input for example 2

168.
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SPIRAL COLUMN (CSA) PAGE

*t**********************#***********************************
22:19:04 FEB 1, 1984

TYPE = SPIRAL DESIGN CODE = CSA A23.3-M77

ABOUT X-AX1S : BRACED, EFF. LENGTH = 3000. MM
MATERIAL PROPERTIES :

CONCRETE : COMP. STRENGTH = 30. MPA
DENSITY = 2400. KG/CUBIC METER
MODULUS OF ELAS. = 27691. MPA
LONG. STEEL : YIELD STRESS = 350. MPA
MODULUS OF ELAS. = 200000.MPA
SPIRAL : YIELD STRESS = 300. MPA
DESIGN LOAD CONDITION :
PU = 8800. KN
MUX = 280. KN-M, MUY = 0. KN-M
CONCRETE DIMENSION :
DIAMETER = 700. MM
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.026

14- #30 BARS IN CIRCULAR
SPIRALS :
#10 WITH 50. MM PITCH AND 3 SPACERS
ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
MINIMUM ECCENTRICITY ABOUT X-AXIS GOVERNS
DESIGN MOMENT ABOUT X-AXIS = 308.
IN PROJECT UNITS
FOR SECTION SELECTED THE AXIAL LOAD CAPACITY

UNDER APPLIED MOMENT IS 0.874 TIMES
THE APPLIED AXIAL LOAD

Fig. 4.2.2 Output for example 2
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Fig. 4.2.3 Column section for example 2

64




—

65

4.3 Example 3 - Slender Braced Column (ACI)

Design a rectangular tied.column for uniaxial bending
about the x-axis with bars distributed along both faces in
accordance with the requirements of ACI 318-77. Column is
brac;d with the unsupported length of 330 in. The material

properties for this project are f'c = 4000 psi, fy = 60000

psi and fsy 60000 psi. Select the concrete.dimension ratio
of 0.9, the minimum and the maximum bar size of #9 and #18
respectively. All the loadings are factored. This column is
subjected to an axial dead and live load of 224 kips and 336
kips respectively, a dead load moment at both the top and
bottom of column of 131 kip-ft, and a live load moment at
the top and bottom of column of 115 kip-ft and 196 kip-ft
respectively.

This example is executed in batch mode. The computer
input is presented in Fig. 4.3.1. The computer output is
presented in Fig. 4.3.2 and the selected column section is
shown in Fig. 4.3.3.

The computer input and output are similar to that in
example 1. In this example, the column was found to be
"slender" and the moment magnification factor was computed
as 1.41. The section selected is adequate for this loading
and is 5.3% overdesigned.

The data for this example was taken from "COLUMN
EXAMPLE 2" in 'Design Handbook 1In Accordance With the
Strength Design Method of ACI 318-77 : Volumn 2 - Columns'

(3). In "COLUMN EXAMPLE 2", the moment magnification factor
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was found to be 1.44 and 12 #10 bars were used - due to the
restriction placed on the interaction diagrams used in the
example which require reinforcement along all faces to have
equal areas in each face. This restriction does not exist in
COLUMN1 so that different areas of steel in the different
faces can be considered resulting in only 10 #10 bars being
selected. Except for the reinforcement, COLUMNI1 gives

corresponding results to those in "DESIGN EXAMPLE 2".



SLENDER BRACED COLUMN (ACI)
AT 10

4000. 60000. 60000. 0. 0.

R 0.0 0.00.8 0.0 0.0 0.0

B 0.0 0 0 9 18

U 1 1.000 330. 0 0.000 0.
F 224. 336. 131. 115. 131.

g o. -~ 0. 0. 0.

Fig. 4.3.1 Input for example 3

196.

67



SLENDER BRACED COLUMN (ACI) PAGE
346 3 3k 3 3K 3K 2 2 ok 2k 3K oK 3 3k 3K 2k 2 e 3 k3K ok ok 3K ok K 3 ok 3K 3K 3K 3k K ok ok 3K 3K kR ks sk 3 ke 3K ok ok o ok ok K ok koK K
00:49:44 JAN 27, 1984
TYPE = TIED . DESIGN CODE = ACI 318-77
ABOUT X-AXIS : BRACED, EFF. LENGTH = 330. IN.
MATERIAL PROPERTIES :
CONCRETE : COMP. STRENGTH = 4000. PSI
DENSITY = 145, PCF
MODULUS OF ELAS. = 3644149, PSI1
LONG. STEEL : YIELD STRESS = 60000. PSI
MODULUS OF ELAS. = 28000000.PS!
TIES : YIELD STRESS = 60000. PSI!
DESIGN LOAD CONDITION :
PU = 560. KIPS
MUX = 327. KIP-FT, MUY = 0. KIP-FT
CONCRETE OIMENSION :
CXx = 20.0 IN., Cy = 22.0 IN.
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.029

6- #10 BARS IN X-FACES
4- #10 BARS IN Y-FACES

TIES :
# 3 @ 18.0 IN. SPACING
ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
MAGNIFICATION FACTOR FOR MOMENT ABOUT X-AXIS = 1.41
FOR SECTION SELECTED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 1.053 TIMES
THE APPLIED AXIAL LOAD
TANGENTIAL LAP SPLICES CAN BE USED

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN Y-FACE

Fig. 4.3.2 Output for example 3
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Fig. 4.3.3 Column section for example 3
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4.4 Example 4 - Square Tied Column in Biaxial Bending

Design a 20 x 20 in. square tied column for biaxial
bending about the x-axis and ‘the y-axis, respectively with
bars distributed along both faces in accordance with the
requirement of ACI 318-77. Column 1is braced with the
unsupported length of 100 in.. The material properties for
this project are f'c = 6000 psi, fy = 60000 psi and fsy =
60000 psi. Select the maximum value for reinforcement ratio
of 0.04 ,and specify the bar size of #10. All the loadings
are factored and three load cases are considered.

Load Condition Axial Force Moment at Top Moment at Bottom
X-axis y-axis Xx-axis y-axis

(KIPS) (RIP-FT) (KIP-FT)
LC1 :Dead Load 100 38 175 38 175
Live Load 100 ’ 38 175 38 175
LC2 :Dead Load 56 49 21 49 21
Live Load 84 70 32 70 32
LC3 :Dead Load 1000 400 0 400 0
Live Load 0 0 0 0 0

This example is executed in batch mode. The computer
input is presented in Fig. 4.4.1. The computer output is
presented in Fig. 4.4.2 and the selected column section is
shown in Fig. 4.4.3.

The dead and 1live 1load for both axial and moments
loadings must be entered individually whether the 1loadings
are factored or unfactored since in considering the
slenderness effects, the maximum design dead load moment is
taken into account. .

The computer input and output are similar to that in

example 1. For the first and second load cases, the PCA Load
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Contour Method is wused to check the selected section for
adequacy in strength because the value of Pu is less than
0.1(f'c)Ag, and the section is found to be satisfactory to
carry the imposed loadings. For the last 1load case, the
minimum moment specified in the building codes governs, and
the section 1is not satisfactory to carry the  imposed
loadings based on the axial load capacity is 0.953 times the

applied axial load.
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SQUARE TIED COLUMN IN BIAXIAL BENDING

AT 30
6000. 60000. 60000. 0. 0.
s 20.0 0.00.0 0.0 0.0 0.0
B 0.04 0 0 10 10 000
B 1 1.000 100. 1 1.000 100.
F 100. 100. 38. 38. 38. 38.
D 175. 175. 175. 175.
F 56. 84. 49, 70. 49, 70.
L 21. 32. 21, 32.
F 1000. 0. 400. 0. 400. 0.
E 0. 0. 0. 0.

FPig. 4.4.1 Input for example 4

[P



SQUARE TIED COLUMN IN BIAXIAL BENDING . PAGE

3K 2 3K 2 2 3 AR K K A 3 o 3 3 3K 3k K K K ol K 3K 3 K 3K K K K K 3 K XK K 3K K K K 3k 3k K K K K KK o KK R Kk K K kK

22:21:15 FEB 1, 1984
TYPE = TIED DESIGN CODE = ACI 318-77
ABOUT X-AXIS : BRACED, EFF. LENGTH =  100. IN.
ABOUT Y-AXIS : BRACED, EFF. LENGTH =  100. IN.
MATERIAL PROPERTIES :
CONCRETE : COMP. STRENGTH
DENSITY ,
MODULUS OF ELAS.
LONG. STEEL : YIELD STRESS
MODULUS OF ELAS.
TIES : YIELD STRESS
DESIGN LOAD CONDITION :

PU = 200. KIPS
MUX = 76. KIP-FT, MUY = 350. KIP-FT

CONCRETE DIMENSION :
CX = 20.0 IN., Cy = 20.0 IN.
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.032

8- #10 BARS IN X-FACES
2- #10 BARS IN Y-FACES

TIES :
# 3 @ 18.0 IN. SPACING
ADDITIONAL COMMENTS :

6000. PSI
145. PCF
4463153. PSI
60000. PSI
29000000.PSI
60000. PSI

COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT Y-AXIS

EQUIVALENT REQUIRED MOMENT ABOUT Y-AXIS
ONLY = 446. IN PROJECT UNITS

SELECTED SECTION IS ADEQUATE BASED ON
MOMENT CAPACITIES

TANGENTIAL LAP SPLICES CAN BE USED

LATERAL TIES REQUIRED FOR INTERIOR BARS
IN X-FACE

Pig. 4.4.2 Output for example 4 (continued)
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SQUARE TIED COLUMN IN BIAXIAL BENDING PAGE 2

a3 o 3K ok ok 3Kk 3 3k 3K ok kK 2 XK K 3k 3 3K 3K K K K K K K 3K 3 3K K 3K K K K K o 2k K kR 3K K 3k X ok K ok K R K K K K K K K K K

ADDITIONAL LOAD CONDITION :

PU = 140. KIPS
MuUx = 119. KIP-FT, MUY = 53. KIP-FT

ADDITIONAL COMMENTS : )
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT Y-AXIS

EQUIVALENT REQUIRED MOMENT ABOUT X-AXIS
ONLY = 183. IN PROJECT UNITS

ENTERED SECTION IS ADEQUATE BASED ON
MOMENT CAPACITIES

ADDITIONAL LOAD CONDITION :

1000. KIPS
400. KIP-FT, MUY = 0. KIP-FT

PU
Mux

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT Y-AXIS
MINIMUM ECCENTRICITY ABOUT Y-AXIS GOVERNS
DESIGN MOMENT ABOUT Y-AXIS = 100.
IN PROJECT UNITS
FOR SECTION ENTERED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.953 TIMES
THE APPLIED AXIAL LOAD

=x SECTION IS NOT ADEQUATE FOR THIS LOADING =*=*

Fig. 4.4.2 (continued)



75

/410
/
o
Q| =
#3 o
ufs O N
@)
—Y
"f 20 in. N
A

Fig. 4.4.3 Column section for example 4
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4.5 Example 5 - Rect. Tied Column Check

Check a 15 x 24 in. recfangular tied column for
uniaxial bending about the x-axis with 6 #8 bars distributed
along the y-faces only in accordance with the requirement of
ACI 318-77. Column is braced with the unsupported length .of
100 in.. The material properties for this project are f'c =
3000 psi, fy = 50000 psi and fsy = 50000 psi. All the
loadings are factored.

Load Condition Axial Force Moment at Top Moment at Bottom

(KIPS) (KIP-FT) (KIP-FT)
LC1 :Dead Load 400 266 266
Live Load 0 0 0
LC2 :Dead Load 460 300 300
Live Load 0 : 0 0

This example is executed in batch mode. The computer
input and output are presented in Fig. 4.5.1 and Fig. 4.5.2
respectively.

The computer input and output are similar to that in
example 1. In this example, the section is not altered but
is checked for adequacy. For the first load case, the
entered section is satisfactory. For the second 1load case,
the entered section is not satisfactory to carry the imposed

loadings.



RECT. TIED COLUMN CHECK

AT 2
3000. 50000. 50000.
R 15.0 24.0
Y 0.0 0 6 8 8
U 1 1.000 100.
F 400. 0. 266. 0. 266.
C
F 460. 0. 300. 0. 300.
L
6

Fig. 4.5.1 Input for example 5
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RECT. TIED COLUMN CHECK PAGE 1
************************************************************
21:49:21 FEB 2, 1984
TYPE = TIED DESIGN CODE = ACl 318-77
ABOUT X-AXIS : BRACED, EFF. LENGTH = 100. ‘IN.
MATERIAL PROPERTIES :
CONCRETE : COMP. STRENGTH = 3000. PSI
DENSITY = 145, PCF
’ MODULUS OF ELAS. = 3155926. PSI
LONG. STEEL : YIELD STRESS = 50000. PSI
"MODULUS OF ELAS. = 29000000.PS]
TIES : YIELD STRESS = 50000. PSI
CHECK LOAD CONDITION :
PU = 400. KIPS
MUX = 266. KIP-FT, MUY = 0. KIP-FT
CONCRETE DIMENSION :
Cx = 15.0 IN., CYy = 24.0 IN.
LONGITUDINAL REINFORCEMENT : REINFORCEMENT RATIO =0.013

6- # 8 BARS IN Y-FACES ONLY
ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
FOR SECTION ENTERED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.985 TIMES
THE APPLIED AXIAL LOAD
ADDITIONAL LOAD CONDITION :

Py 460. KIPS
MUX 300. KIP-FT, MUY = 0. KIP-FT

ADDITIONAL COMMENTS :
COLUMN DEFLECTS IN SINGLE CURVATURE ABOUT X-AXIS
FOR SECTION ENTERED THE AXIAL LOAD CAPACITY
UNDER APPLIED MOMENT IS 0.865 TIMES
THE APPLIED AXIAL LOAD

** SECTION IS NOT ADEQUATE FOR THIS LOADING ==

Fig. 4.5.2 Output for example 5



5. SUMMARY AND CONCLUSIONS

The reinforced concrete column design computer program,
COLUMN1, run either in batch mode or in interactive mode has
been developed to pfovide an opportunity for designers with
little experience such as students to obtain more quickly a
feel for reinforced concrete column design. The program 1is
capable of performing design or analysis of most columns
that will be encountered in practice in accordance with
either the CSA3-A23.3-M77 or the ACI 318-77 building codes
and so may be used in design offices or incorporated in a
CAD system. A single column design or multiple column
designs can be solved during a single run of the program. In
interactive mode, a hard copy output may be obtained at the
end of each run.

In design mode, the program proceeds to £find the
minimum feasible concrete section that may be used for the
specified 1loads, moments, and material properties using the
least possible reinforcement consistent with input
constraints. This trial section is checked for slenderness
effects, bar spacing and conformance to building code
requirements. The wuser has the option of specifying all or
any portion of the final cross-section. When the complete
cross-section is entered (check mode) a message indicating
the capacity of the column section is printed including a
warning if not adequate.

A number of design examples are 1illustrated together

with the computer outputs from the program COLUMN1. Results
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compare favorably with published

obtained using traditional methods.

concrete

column
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APPENDIX A

USER'S MANUAL

A.1 Description

(a) Operational Modes

(i) Batch Mode

(ii) Interactive Mode
The first entry for each run of program COLUMN1, is either 0
for batch mode processing or 1 for interactive mode
processing. The mode sélected applies to all designs to be
considered in that run. For interactive mode processing ,the
return key or similar key must be pressed after a line of
required data information 1is entered on the terminal
keyboard.
(b) Code Specifications

(i) Canadian Standards Association Specification
CAN3-A23.3-M77
(ii) American Concrete Institute Specification
ACI 318-77
(c) Units
(i) S.I. units when using CSA code
(ii) Imperial or U.S. Customary units when using

ACI code.

A.2 Control Commands

For use on terminal (MTS).

For batch mode processing,
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$RUN COLUMN1 5=DATAFILE 4=*SOURCE#* 7=#SINK#
6=UNSORT 8=MESS 9=SORT
For interactive mode processing,
$RUN COLUMN1 4=%#SOURCE#%* 7=%SINKx*
6=UNSORT 8=MESS 9=SORT

Details on I/0 units:
Unit 5=DATAFILE refers to input data records
stored in the file named DATAFILE.
Unit 4=%SOURCE#* refers to the input from the terminal.
Unit 6=UNSORT refers to the unsorted output for
the line printer.
Unit 9=SORT refers to the sorted output for the
line printer.
Unit B8=MESS refers to the temporary storage of comments.
Unit 7=#SINK#* refers to the output for the terminal.
If Device I/0 units are not specified, an error message will
be printed from MTS terminal informing the user that the

specific device units are undefined.

A.3 Data Input

A description of data input is listed below. The second
line of each descriptién is a symbolic representation of the
input line indicating the order of the entries.

Input is formatted and each of the entries in the input
line is entered in according to 1its format field

specification. When the program is executed using the
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Michigan Terminal System (MTS) at the University of Alberta,
free format input 1is permitted only for F format and I
format, and individual entries are separated by a comma. All
entries in an input line are required but all zero entries
occurring at the end of a line may be omitted.

Input is the same for both batch and interactive mode

but in interactive mode prompts are displayed for inputs.

(a) Qperational Modes :

Mode FORMAT (I1)

Mode 0 batch mode

1 interactive mode

(b) Heading Record :

HEADING FORMAT (15a4)
HEADING = Any user defined descriptive identifier

not exceeding 60 characters

(c) Input Control Design Record:

(1) CODE TYPE NLC OUT FORMAT (2A2, 2I2)

CODE

specifies CAN3-A23.3-M77

TYPE

C

A specifies ACI 318-77
T indicates tied column
S

indicates spiral column



(a)

(1)
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NLC = total number of load cases
If NLC not entered, defaults to 1.
in interactive mode, an entry for NLC
is not required because the user has
the option of later entering as
many load cases as desired.

OUT = 0 standard output for design practice

= 1 long output for debugging purposes

Data Material Properties:

FPC FY FSY WC ES FORMAT (4F7.0, F12.0)

FPC = concrete strength (MPa or psi).

If value entered is outside range 20-40
MPa or 2000-6000 psi, design is executed
but warning message is printed.

FY = yield stress for longitudinal reinforcement
(MPa or psi). If fy is outside range of
300-400 MPa or 40000-60000 psi, design
is executed but warning message is printed.

FSY = yield stress for spiral steel (MPa

or psi). If fsy is oﬁtside range of
300-400 MPa or 40000-60000 psi, deisgn
is executed but warning message is printed.
WC = mass density concrete (kg/m?® or pcf).
If not entered default to 2400 kg/m?3

or 145 pcf.



(e)

ES = Modulus of elasticity for reinforcement
(MPa or psi). If not entered

default to 200000 MPa or 29000000 psi.

Data Geometry Properties:

(1) Concrete geometry:

SHAPE Cx Cy R DC CXINCR CYINCR

FORMAT (A2, 2F6.1, F5.2, 3F5.1)

SHAPE = S -indicates square cross-section
= R indicates rectangular cross-section
= C indicates circular cross-section

Cx = dimension of cross-section in x direction

(mm or in)

Cy = dimension of cross-section in y direction

(mm or in). If shape = S or R, value of

Cy not used.

R = ratio of Cx/Cy. This value is used with either
Cx or Cy, but when both Cx and Cy are entered,
R is not used. When shape is not rectangular,
R defaults to 1.0.

DC = minimum clear concrete cover (mm or in).

If not entered, default value is 40 mm

or 1.5 in..

CXINCR = length increments of dimengion Cx value

(mm or in). If not entered, default

value is 50 mm or 2 in..
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CYINCR = length increments of dimension Cy value
(mm or in). If not entered, default

value is 50 mm or 2 in..

(2) Reinforcement geometry:

RFACE PG BMAXX NBS BSMIN BSMAX DS NX NY

FORMAT (A2, F7.4, 414, I3, 212)

RFACE

X reinforcement configuration in

x-face (lateral faces) only (Fig. 3.2.2).

Y reinforcement configuration in

y-face (end faces) only (Fig. 3.2.3).

B reinforcement configuration in
both x and y -faces (bars in x-faces

include all corner bars) (Fig. 3.2.4).

C means reinforcement configuration
around the core diameter (Fig. 3.6.5).
PG = maximum percentage of reinforcement

If PG not entered default to 0.03.

If PG < 0.0 value set to 0.01.

If PG > 0.08 value set to 0.08.

BMAXX

entered maximum permissible number
of bars in cross-section. If not
entered default to the value given
in Table 3.1 in Section 3.5 .

NBS = specified total number of bars

If NBS is entered and bars are in
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both faces, NX and NY must be entered.

BSMIN = minimum bar size, 15 to 55 for

CSA or 5 to 18 for ACI.

if not entered default to 15 or 5.
BSMAX = maximum bar size, 15 to 55 for

CSA or 5 to 18 for ACI.

If not entered default to 35 or 11.
DS = miﬁimum lateral reinforcement diameter,

i.e. bar size number is entered.
If not entered default value are
10 for CSA or 3 for ACI

NX = number of bars in each x-face
including corner bars

NY

number of bars in each y-face

(3) Stability information:

BENDING XBRACING KX LUX YBRACING KY LUY SPU SPC

FORMAT (A2, 14, F7.3, F10.0, I4, F7.3, F10.0,

2F8.0)
BENDING = U uni-axial bending
= B bi-axial bending
XBRACING = 0 column unbraced about x-axis

1 colﬁmn braced about x-axis

KX = effective length factor about x-axis
LUX = unsupported length about x-axis (mm or in)

YBRACING = 0 column unbraced about y-axis



KY
LUY

- SPU

SPC
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= 1 column braced about y-axis

= effective length factor about y-axis

unsupported length about y-axis (mm or in)
= summation of axial design load for all

of the columns in the storey (KN or kips)
= summation of critical load for all

of the columns in the storey (KN or kips)

(f)Data Loads Conditions:

(1) FaACT

PD PL MDXT MLXT MDXB MLXB

FORMAT (A2, 6F8.0)

FACT

PD

PL =

MDXT

MLXT

MDXB

MLXB

U loading entered is unfactored

F loading entered is factored

axial dead load (must be positive since
only compression loads permitted) |
(RN or kips)

axial live load (must be positive)

(KN or kips)

= dead load moment about x-axis on

top of column (KN-m or kip-ft)

live load moment about x-axis on

top of column (KN-m or kip-ft)

= dead load moment about x-axis on
bottom of column (KN-m or kip-ft)

= live load moment about x-axis on

bottom of column (KN-m or kip-ft)



Note : The applied moment about x-axis is primarily
resisted by the reinforcement in the y-faces.
Note : A negative sign to one of the entered moments

at the top or bottom of column indicates

the column deflects in double curvature.

When the signs are the same, column deflects

in single curvature. Design

moment is the

maximum absolute value of moments entered

. at either top or bottom of the column.

Same philosophy applies for

the y-axis,

(2) DESIGN MDYT MLYT MDYB MLYB
FORMAT (A2, 4F8.0)

DESIGN

moments about

D designates a design, that is

program will select all missing values

of cross-section to satisfy loading

L designates a check
strength of selected

for multiple loading

C designates a check
section
MDYT =.dead load moment about

top of column (KN-m or

MLYT = live load moment about
top of column (KN-m or
MDYB =

dead load moment about

for adequacy in
section
cases

of entered

y-axis on
kip-ft)
y-axis on
kip-£ft)

y-axis on
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bottom of column (KN-m or kip-ft)
MLéB = live load moment about y-axis on
bottom of column (KN-m or kip-ft)

Note : The applied moment about y-axis is primarily

resisted by the reinforcement in the x-faces.

(g) Optional Data:

(1) OPTION

'In batch mode the option number indicates the line type
at which new data will be entered. All following data lines
must be repeated. A new heading may also be used. For
example if a new design was to be run using same code and
material properties but different concrete geometry
requirements option 2 would be selected. A new heading and
all data beginning with concrete geometry requirements
through to new option number are repeated, but data usually
entered before the concrete geometry requirement 1line is
omitted and will default to values used for previous
problem. Note, in interactive mode only one line is
re-entered.

(i) 1in batch mode: FORMAT (I2)

OPTION = 1 means a different column design, all
data records are to be re-entered.
= 2 means heading and new data entries

beginning with concrete geometry.
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.3 means heading and new data entries

beginning with reinforcement geometry.

4 means heading and new data entries

beginning with stability geometry.

5 means heading and new data entries

beginning with load conditions.

6 means last column design has
been solved, program is terminated.

(ii) in interactive mode: FORMAT (I1)

Revised above design, enter 1
Go to next design, enter 2
Termination of program, enter 3
If 2 is entered, the option is the same
as that in batch, and the next data records
required are- prompted by the program.
If 1 is entered, the next data record is

specified as follows:

REVISE FORMAT (I1)
Alter material properties only, enter 1
Alter éoncrete geometry only, enter 2
Alter reinforcement geometry only, enter 3
Alter stability geometry only, enter 4

Alter loading conditions only, enter 5
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APPENDIX B
LOGIC FLOW OF COLUMN1

A general flow chart showing the overall connectivity
of the subroutines is given in Fig. B.1. Reference is made
to specific subroufines in the program, COLUMN1, given in
Appendix C with general comments as to the nature of the
design steps being performed in that subroutine.

The sequence of events coded into the main executive

program COLUMN1 is as follows (Fig. B.1).

(1) Enter the mode processing parameters into
the terminal.
(2) Set TPROB = 1 as initial value to indicate
a new design with no previous data entered.
(3) Read the heading.
(4) If TPROB = 1 go to (5).
If TPROB # 1 and
concrete geometry properties are
to be varied, go to (9).
reinforcement geometry properties
are to be varied, go to (9).
stability geometry properties are
to be varied, go to (9).
loading geometry properties are
to be varied, go to (11).
(5) Read the design control parameters (Sub: INPUT1).
(If in batch mode, go to (7).)
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Fig. B.1 A general flow chart of COLUMN1



(6)

(7)

(8)

(10)

(11)
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Used only if in interacti?e mode.

If altering material properties only, go to (7).
If altering concrete geometry only,

go to (9).

If altering reinforcement geometry only,

go to (9).

If altering stability geometry only,

go to (9).

If altering loading conditions only, go to (12).
Read the material properties (Sub: MATPP1).

(I1f in batch mode, go to (9).)

Used only if in interactive mode,

if the revised design alters material

properties only, go to (13).

Read the geometry properties (Sub: GEOM7).

(If in batch mode, go to (11).)

Used only if in interactive mode,

if the revised design alters concrete

geometry only, or alters steel geometry

only, or alters stability geometry

only, go to (13).

Set N = NLC to indicate a new design with no

previous counting of iterations in which

NLC is total number of load cases which is the
same number for every new set of problem (in
interactive mode, NLC is equal to 1);

N is a counter do loop during a program run



(12)
(13)

(142)
(15)

(16)

(17)

(18)

(19)

(20)
(21)
(22)

(23)

(24)

of each design.

Read the loading properties (Sub: LOADT7).

If the condition of analysis is to check for
adequacy in strength of selected column section
for multiple loading cases, dimension default flag
TDIMFG will be defaults to 1 for unaltered
dimensions, and then go to (18).

Select the initial concrete dimension (Sub: DIMENT).
If the entered dimension is less than minimum
concrete column dimension, go to (33).

Select longitudinal reinforcement (Sub: REINF1).
If the reinforcement consistent with the
entered restraints could not be obtained,

a transfer of control to (33).

Check slenderness effects about x-axis

(Sub: SLEND1).

If data input is incomplete for computing
magnification factor, a transfer of control to
(34). When new column dimensions are required
due to stability problem, return to (16).
Compute capacities about x-axis (Sub: CAPAC1).
If it is bi-axial bending, go to (23).

Check capacities for adequacy, then go to (27)
(Sub: ADEQU1).

Check slenderness effects about y-axis

(Sub: SLEND2).

If data input is incomplete for computing
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(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)
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magnification factor, a transfer of control to (35).
Compute capacities about y-axis (Sub: CAPAC2).
Check capacities for adequacy (Sub: ADEQU2).

If the resisting strength is not adequate

for .a check mode, go to (33).

If design is adequate, go to (30).

Otherwise modify trial section if required

(Sub: MODIF1).

If design cannot be completed consistent

with the entered restraints, go to (33).

If a new section is tried, reiterate step (16).

If it is a tied column, go to (32).

Select lateral reinforcement for spiral column,

and then go to (33) (Sub: SPIRS?).

Select lateral reinforcement for tied (Sub: TIES7).
If a long output is désired, go to (35).

Otherwise a desired short output |

is printed (Sub: OUTPUT).

If a counter of N (the number of load cases)

is less than or equal to 1, go to (37).

Otherwise sort the output with the heading

printed at the top of all subsequent pages for the
same design, and all messages information printed
afterwards, then reiterate step (12). (Sub: SORT).
Read the next design control parameter (Sub: PROBL1).
If in batch mode :

Enter 1 means a new set of all data records.



(38)

Enter 2 means heading varied with following
concrete geometry

Enter 3 means heading varied with following
reinforcement geometry

Enter 4 means heading varied with following

stability geometry

Enter 5 means heading varied with following
loading conditions

Enter 6 means the last column design is solved.

If in interactive mode :

Enter 1 means revising above design in which

a next data record is required as follows

: enter 1 means altering material properties only;
¢ enter 2 means altéring concrete of geometry

only;

enter 3 means altering reinforcement of

geometry only;

enter 4 means altering stability of geometry
onl&;

¢ enter 5 means altering loading conditions only.
Enter 2 means going to next design in which

the next data record required is the same as
those in batch mode.

Enter 3 means termination of program.

Then sort the output (Sub: SORT).

(If not revising above design in

interactive mode, go to (40))
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(39)

(40)

(41)

Used only if revising above design in
interactive mode, return to (6).

If it is not the last column design,
return to (3).

Otherwise, end of design.
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B.1 Flags Default

(a) Dimension Default Flags

DIMFLAG (TDIMFG)

103

1 means Cx and Cy, or Cx and Cx/Cy,

or Cy and Cx/Cy is entered

(i.e. cannot alter either Cx

or Cy)

= 2 means only Cx is entered

(i.e. can alter Cy only)

= 3 means only Cy is entered

(i.e. can alter Cx only)

= 4 means only Cx/Cy is entered

(i.e. can alter Cx and Cy

to most closely approximate

the entered aspect ratio)

= 5 means Cx,Cy and Cx/Cy

are unknown

(i.e. can alter either Cx or Cy)

(b) Reinforcement Default Flag

MODAS (TMODAS)

0 means column dimensions
incremented and process
selecting reinforcement

1 means bar size is
incremented and process
selecting reinforcement

2 means number of bars is
incremented and process

selecting reinforcement

are
of

repeated

of

repeated

of

repeated
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APPENDIX C '
COMPUTER CODING
This appendix presents a source listing of the Main
routine and the subroutines of the processing program

COLUMN1.
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*n I.-.......‘l.‘.ll.l.l.'IIII..ll.'.l.l.lll.lllll.ll.ll...‘ll'l
: COLUMN .
e« A PRDGRAM FOR DESIGN AND CHECK OF REINFORCED CONCRETE COLUMNSY
« IN ACCORDING TO CSA AND AC1 SPECIFICATION BUILDING CODES
« RUNNING EITHER IN BATCH MODE OR IN INTERACTIVE MODE
. IS CODED 8Y LEUNG CHI-KUN
*
L]
-

t
2
3
)
s
e
7
1 ]
1]

.
.
AS PARYT OF M.SC. THESIS, OEPARTMENY OF CIvIL ENCINEERING, *
UNIVERSITY OF ALDERTA,EDMONTON, ALSERYA, CANADA, FALL, 1983. °*
ENS0CENsETANIEERANERISEIIsEIEIEEEERTENNNIISEERREIEIRURTSERERTRISES

THIS 1S THE MAIN ROUTINE OF THE PROGRAM IN WHICHK A SEQUENCE 0OFf
EVENTS 15 CODED AND ALL CORRESPONDING SUBROUTINES ARE CALLED IF
REQUIRED

AanAAnNNNANNANONnN

MeLICIT REAL(A-H,1,K-M,P R, S W-Y) INTEGER(T, J N, S}

COMMON 'G,!SMAI.YY'!.YR!!I'.YSL!N!,Tl!lD.YSL!N!,TADEO,TPIOI
COMMON YCOD'.WC.IS,BCC,DSS,Cllltl.CYlﬂCl,Tl.TK.TIS"D.DI( 1,
. 'D.'L,!Cu,'ﬂll.’ﬂlﬂ.sl!.!NIK,PNIV.IFAC,DSﬂII.SSHIN.SSHAK,
. TI"AI.SNAI.J,'RIM!,HINOIN.TISYBI.LAYDS(ZO).NINLAT,TIMAKX
COMMON C.FV.'SV.!:.I!,TIIIAC.KI,LUK.YVIIAC.KY,LUV,SPU.

. "C.PD.'L.PU,.I!.ﬂlz,lﬂl.n".HV!,IOV.TGUT,TRDDE

COMMON TSHAPE,CX,CY. R, TODESIC, TRFACE, NOS A NMAX

CotMoN TOIMFG,AG,AS ,CC,58,0P AST NX NY SBX SBY, 08,

b V(lll,lsl!,lllzl.lS!V.fNBBAS.DGDIS,IV.NCX.

s MAPPX,PUOESX ,MUDESX,PRX

COMMON ll.ﬂCV.IlPPV.PUDISV,NUDC!V.P'V.NOVI!O,NG!I!Q,

¢« VYC,Y8, ECS(12) ,ETS(12),€68(12),FT(12),

s XC, %8, ECEY(12) , EVSY(12},CSY(12) FTV(12)

COMMON TESTMO

COMMON NLC,JPOB,TREYIS, TDSSS ,SPACE , PITCH, NSPACR

DIMENSION A(S)

DIMENSION NED(1S)

DIMENSION V(S)

IDENTIPIERS :DEFINE THE VARIASLES 1IN COMMON SL0CKS
PCEMAX. PERCENTAGE OF STVEEL
ESMAKSMAN. STRESS = FY/ES
TYPESTYRE OF COLUMN : 1 FOR TIED, 2 FOR SPIRAL
TREINFSA TRAMSFER OF CONTROL 1IN SUBROUTINE REINFI, ' GO TO
SUBROUTINE SLEND1, 2 PROCEED TO WNEXT PROBLEM
YSLENI®A TRANSFER OF CONTROL Id SUBROUTINE SLENGY, ' RETURN
o YO MAIN ROUTINE AND COMTINUE EXECUTION, 2 PROCEED TO
. NEXT PROBLEM, 3 BACK TO SUBROUTINE REINF)
YRENO=1 UNIAXIAL BENDING, 2 BlAXIAL RENDING
TSLENZSA TRANSFER OF CONTROL IN SUBROUTINE SLEND2, ' RETURN
TO MAIN ROUTINE AND CONTIMUE EXECUTION, 2 PROCEED TO
NEXT PROBLEM
YTADEO=A TRANSFER OF CONTROL 1IN SUSROUTINE ADEOU! AND ADEOQUZ,
1 PROCEED TO MEXT PRONBLEM, 2 GO YO SUBROUTINE MODIFY,
3 SECTION IS ADEQUATE, THEN RETURN TO MAIN ROUTINE AND
CONTINUE EXECUTION
TPROS=A TRANSFER OF CONTROL FOR OPYIONAL DATA ENTRY, 1 ENTER
A MEW SEY OF ALL DATA, 2 ENTER HEADING WITH FOLLOWING
CONCRETE OF GEOM. PROPERTIES, 3 ENTER HEADING WITH
FOLLOWING RREINFORCEMENT OF GEOM. PROPERTIES, 4 ENTER
MEADING WITH FOLLOWING STABILITY OF GEOM. PROPERTIES,
S ENTER HEADING WITH FOLLOWING LOADING PROPERTIES,
S TYERMINATE THE AUN
TCOOEst CSA COOE, 2 ACI CODE
WCaMASS DENSITY COMCRETE (KG/CU.M OR PCF)
ES=ELASTICITY MODULUS FOR NOM-PRESTRESSED REINFORCEMENT
(Mpa OR PS1)
DCCOMINIMUM CLEAR CONCRETE COVER (MM OR IN)
DES=MINIMUM LATERAL REINPORCEMENT DIAMETER o)
CKXINCREINCREMENT OF DIMENSION CX (MM OR R
CYIMCR= INCREMENT OF DIMENSION CY (MM OR IN)
TISOEFAULY MINIMUM BAR SI1ZE (#)
"ws AULT MAXTMUM SAR S1ZE (#}
TES(S)SARRAY DENOTATION OF BAR SIZE (#)
D8 (S )=ARRAY DENOTATION OF BAR DIAMETER (MM OR IN)
FOSDEAD LOAD FACTOR
FLSLIVE LOAD FACTOR
ECUSMAX, USASLE STRAIN AT EXTREME CONCRETE COMPRESSION FI1BER
20.003
PMAKESMAKR. ALLOWABLE REINFORCEMENT RATIO=0.08
PHMINSMIN, ALLOWABLE REINFORCEMENT RATIO=O0.Of
SSISCEFAULT MIN. CLEAR BAR SPACING (MM OR IN)
EMINSDEFAULY MIN, ECCENTRICITY (MM OR IN)
sDEFAULT CAPACITY REDUCTION FACTOR
RFACSDEFAULT STRENGTH REDUCTION FACTOR
DSMINSOEFAULT MIN. SPIRAL DIAMETER (MM OR IN)
SSMINSDEFAULT MIN. CENTER-TO-CENTER BARS SPACING OF SPIRAL
MM OR IN)
SSMAXSDEFAULT MAX. CENTER-YO-CENTER BARS SPACING OF SPIRAL
(M OR 1IN}
TEBMAXSMAX. PERMISSIBLE NO. OF BARS
SMAXSDEFAULT MAX. CLEAR TIED BAR SPACING (MM OR m)
JEDENOTATION OF BAR SIZE # OR BAR DIAMETER
PRIME=Y . 14185027
MINDIMSOEFAULT MIN. DIMENSION IM PRACTICE (MM OR HL D)
TESTDI=A TRANSPFER OF CONTROL IN SUBROUTINE DIMENI, 1 RETURN TO
MAIN RDUTINE AND CONTINUE EXECUTION, 2 PROCEED TO NEXT
PROBLEM
LATDS (20 )=ARRAY DENOTATION OF LATERAL REINFORCEMENT DIAMETER
(MM OR 1M}
MINLATEDEFAULY MIN. LATERAL REINFORCEMENT DIAMETER (MM OR 1IN
TOMAXXSENTERED MAX. PERMISSIBLE NO. OF BARS
FPCSSPECIFIED CONCRETE STRENGTH (MPA OR PSI}
FYeSPECIFIED YIELD STRESS FOR LONGITUODINAL REINFORCEMENT
{(MPA OR PS1)
FESYSSPECIFIED YIELD STRESS FOR SPIRAL STEEL (MPA OR rSl)
ECE=ELASTICITY MODULUS FOR CONCRETE (MPA OR PS1)
91eCOEFFICIENT RELATING DEPTH OF EQUIVALENT RECT. STRESS
SLOCK YO OEPTH FROM COMPRESSION FACE TO WEUTRAL AX1lS
TRSRACESAACING ABOUT X-AX1S : O FOR UNBRACED, | FOR BRACED
KASEFFECTIVE LENGTH FACTOR ABOUT X-AXIS
LUXSUNSUPPORTED LENGTM ABOUT X-AXIS (MM OR IN)
TYSRAC:=SAACING ABOUT Y-AXIS
KYSEFF. LENGTH ABOUT Y-AXIS
LUYSUNSUPPORTED LENGTN ABOUT Y-AXIS (MM OR 1IN}
SPURSUM OF ANIAL DESIGN LOAD FOR COLUMNS IN STOREY (N OR LB}
SPCeSUM OF CRITICAL DESIGN LOAD FOR COLUMNS IN STOREY(N OR LS8}
POSAXIAL DEAD LOAD (N OR LS)
SANIAL LIVE LDAD (N OR LE)
PUSREQUIRED AXIAL LOAD (N OR LB)
MX16SMALLER FACTORED ENO MOMENT ABOUT X-AIXKS (N-MM OR LB-IN)
MX22LARGER FACTORED END MOMENT ABOUT X~AKIS (N-MM OR LB-1IN)
SOXSRATIC OF MAX. FACTORED DEAD LOAD MOMENT TO MAX. FACTORED
TOTAL LOAD MOMENT ABOUT X-AKIS

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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MYINSMALLER FACTORED END MOMENT ABOUTY Y-AXIS (N-MM OR LB-IN)

MYZ=LARGER FACTORED END MOMENT ABOUT Y-AXIS (N-MM OR LB-IN)

SOYSRATID OF MAX. FACTORED DEAD LDAD MOMENT TO MAX. FACTORED *

TOTAL LOAD MOMENT ABOUT Y-AX]S

TOUTSO POR STANDARD SHORT OUTPUT, t FOR LONG OUTPUT IN DETAILS

TMODE=O FOR BATCH MODE, t FOR INTERACTIVE MODE

TSHAPExSHAPE OF CROSS-SECTION, 1 FOR SQUARE,2 FOR RECTANGULAR,
3 FOR CIRCULAR

CX=DIMENSION OF COLUMN SECTION IN X DIRECTION (MM OR IN)

CYSDIMENSION OF COLUMN SECTION IN Y OIRECTION (MM OR IN)

RERATIO OF CX/CY -

TOESIC=CONDITION OF DESIGN DR ANALYSIS OF PROUSLEM, 1 FOR
DESIGN PROBLEM, 2 FOR ADEQUACY CHECK OF SECTIONS FOR
MULTIPLE LOAD CASES, 3 FOR ADEOUACY CMECKX OF GIVEN
SECTIDNS

TRFACERREINFORCEMENT PATTERNS, 1 FOR BARS 1IN X-FACES ONLY,
2 FOR BARS IN Y-FACES ONLY, 3 FOR BARS IN BOTH
FACES, 4 FOR BARS IN CIRCULAR CORE

NBSsSPECIFIED TOTAL NO. OF BARS

NMAXZCOMPUTED TOTAL NO. OF BARS

TOIMPFCDIMENSION DEFPAULT FLAGS, 1 FOR CX AND CY ARE KNOWN,
2 FOR CX ONLY 1S KNOWN, 3 FOR CY ONLY IS KNOWN,

4 FOR R IS KNOWN, § FOR ALL CX, CY AND R ARE UNKNOWN

ACECROSS AREA OF CROSS-SECTION (SQO. MM DR SO. 1INM)

ASEMIN. AREA OF LONGITUDINAL REINPORCEMENY (SO. MM OR 3O0. IN)

CHARACTERISTIC COEFFICIENT BASED ON SHAPE OF CROSS-SECTION

SBECOMPUTED MIN. CLEAR BAR SPACING MM OR IN)

DPSDIST. PROM EXTREME COMPRESSION FIRER YO CENTROID OF

TENSION REINFORCEMENT (MM OR IN)

ASTETOTAL AREA OF LONGITUDINAL REINFORCEMENT(SO. MM OR 50. IN)

NX=NC. OF SARS IN LATERAL FACES INCLUDING CORNER BARS

NYSNO. OF BARS IN END FACES

SBXSACTUAL CLEAR BAR SPACING MEASURED IN LATERAL FACES

(#M OR IN)
SOYSACTUAL CLEAR BAR SPACING MEASURED IN END FACES (MM OR IN)
DS®0IST. FROM CENTROID OF EXTREME COMPRESSION REINFORCEMENMT
Y0 CENTROLID OF EXTREME TENSION REINFORCEMENT IN OPPOSITE
MALF OF MEMBER (MM OR IN) H
Y(1212ARRAY OENOTATION OF BARS DISTANCE FROM X-AXIS (MM OR 1IN}
ISEXSMOMENT OF INERTIA OF REINFORCEMENT ABOUT X-AXIS
(MMsns DR INvea)
R(12)2ARRAY DENOTATION OF BARS DISTANCE FROM Y-AXIS (MM OR IN)
ISEYEMOMENT OF INERTIA OF REINFORCEMENT ABODUTY Y-AXIS
{MMses OR IN=e4)

TMODASEREINFORCEMENTY DEFAULT FLAG, O MEANS NUMBER OF BARS
1S INCREMENTED AND THE PROCESS OF SELECTING
REINFORCEMENT REPEATED, § MEANS COLUMN DIMENS]IONS
ARE INCREMENTED AND THE PROCESS OF SELECTING
REINFORCEMENT REPEAYED, 2 MEANS SAR SI1IE I3
INCREASED TOGETMER WITH USING MAXIMUM NUMBER OF
SARS

PGDESSDESIGN REINFORCEMENT RATIO

EYSECCENTRICITY ABOUT X-AXIS (MM OR 1IN}

MCX=MAGNIFIED FACTORED MOMENT ARBDUT X-AXIS (N-MM OR LB-IN)

MAPPXSAPPLIED MOMENT ABQUT X~-AXIS {(N-MM OR LB-IN)

PUDESX=DESIGN AXTAL LOAD ABDUT X-AXIS (N OR LB}

MUDESX=OESICN MOMENT ABOCUT X-AXIS (N-MM OR LB-IN)

POXSDESICHN AXIAL LOAD AT BSALANCED CONDITION ABODUT X-AXIS

{4 GR LSB)

EXSECCENTRICITY ABOUT Y-AXIS (MM OR IN)

MCYSMAGNIPFIED FACTORED MOMENT ABOUT Y-AX1S (N-MM OR LEB-IN)

MAPPYRAPPLIED MOMENT ABOUYT Y-~AXIS (NemM OR LS-IN)

PUDESYSDESIGN AXIAL LOAD ABOUT Y-AXIS (N OR LB)

MUDESYRDESIGN MOMENT ADOUT Y-AXIS (M-MM OR LB-IN)

PBYSDESICN AXIAL LOAD AT BALANCED CONDITION ABOUT Y-AXIS

(N OR LD)

MOYREQBEREOUIRED EOVIVALENT UNIAXIAL MOMENT ABOUT X-AXIS
(MMM OR LB-1IN)

MOXREO=REQUIARED EQUIVALENT UNIAXIAL MOMENT ABOUT Y-AXIS
(M-t OR LBD-IN)

YCxDISTANCE PFROM EXTREME COMPRESSION FINER YO NEUTRAL AXIS

PARALLEL TO X-AXIS (MM OR IN)
YPuDIST. FORM EXTREME COMPRESSION FIBER TO NEUTRAL AXI1S
PARALLEL TO X-AX]S AT BALANCED CONDITION (Me OR IN)
ECS(12)3ARRAY DENCTATION OF STRAIN IN COMPRESSION STEEL
ABOUT X-AXI]S
ETS(12)SARRAY DENOTATION OF STRAIN 1IN TENSION STEEL
ABOUT X-AXIS

CSt12)=ARNRAY DENOTATION OF FORCE IN COMPRESSION SYEEL
ABOUT X-AXIS (N OR LB}

PTY(12)2ARRAY DENOTATION OF FORCE IN TENSION STEEL
ABOUT X-AX}JS (N OR LB)

ACEDIST. FRADM EXTREME COMPRESSION FISER TD NEUTRAL AXIS

PARALLEL YO Y-AXIS (MM OR IN)
XB=DIST. FROM EXTREME COMPRESSION FIBER TO NEUTRAL AXIS
PARALLEL YO Y-AXIS AT BALANCED CONDITION (bt OR 1IN}
ECSY(12)2ARRAY DENOTATION OF STRAIN IN COMPRESSION STEEL
ABOUY Y-AX1S
ETSY(12)0ARRAY DENOTATION OF STRAIN IN TENSION STEEL
ABOUT Y-AX1S
CSY(12)wARRAY DENOTATION OF FORCE N COMPRESSION STEEL
ABCUT Y-AX1S (N OR L®)
AY DENOTATION OF FORCE IN TENSION STEEL
ABOUY Y-AXIS (N OR LB)

TESTMO=A TRANSFER OF CONTROL IN SUBROUTINE MOODIFI, 1 BALK TO
SUBROUTINE REINFI1, 2 PROCEED TO NEXT PROBLEM

NLCaYOTAL NO. OF LOAD CASES

JPOSEONLY USED FOR INTERACTIVE MODE, 1 FOR REVISED PROSLEM, ;

2 FOR NEXT PROGLEM, 3 FOR TERMINATION OF PROGRAM

TREVIS=ONLY USED IN INTERACTIVE MODE FOR JPDB=1, 1 ONLY FOR
ALTERING MATERIAL PROPERTIES, 2 ONLY FOR ALTERINGC
CONCRETE OF GEOM., 3 ONLY FOR ALTERING REINFORCEMENT
OF GEOM., 4 ONLY FOR ALTERING STABILITY OF GEOM., §

OMLY FOR ALTERING LOADING PROPERTIES

TDSSS=LATERAL REINFORCEMENT USED (#)

SPACE=ACTUAL SPACING REQUIRED IN TIES (MM OR IN)

PITCHSACTUAL PITCH REQUIRED IN SPIRALS (MM OR IN)

NSPACR=ND. OF SPACERS REQUIRED IN SPIRALS

121

FIY(12)n

A(S)=ARRAY DENCTATION OF AREA OF BAR SI2E (SO. MM OR SO. 1IN)
NEDSHEADING DESCRIDES THE AIM OF THIS RUN OF THIS PROGRAM

INITIALIZE TPROB FOR THE FIRST RUN

AN AANANAANOANNNORNNNANAANANRNNARNNOANNMANONIANONANDANNDIDNRANANNABRNNNNNANNRANANONNINANANNNANANNRANNNBNNANRNONONNNNN

TPROBE? -

WRITE(7,808)
805 FORMAT(‘E MODE=s? TYPE O BATCM, OR TYPE 1 INTERACTIVE, '/,

./ THEN PRESS RETURN KEY'/)

AEAD(4,306) TMODE . :
240 8068 FORMAT(11)
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111 IF{TMODE.EQ.t) GO TO 800
READ(S,101) NED
GO0 10 %01
900 WRITE(7,800)
800 FORMAT(’E MEADING= DESCRIPTIVE IDENTIFIER NOT EXCEEDING '/,
* 60 CHARACTERS /)
READ(&,101) MHED
901 WRITE(G,200)MED
200 FORMAT(1°,1X, 1844, ‘PAGE t1°/1X,80(°5°) /)
CALL TVIME(S,-1,V) -
WRITE(E, 1000)Y
1000 FORMAT (33X, 244, 8K, 3A84/)
GO 7O ($1,52,%2,82,998,58),TPROSB

c
€ READ PROBLEM CONTROL PARAMETERS
c

| 3 CALL INPUTH
IF(TCODE.EQ.1.0R.TCODE . EQ.2) GO YO 701
WRITE(E,K 700}
LA
60 YO 712

701 IF(TYPE.EQ.V.OR . TYPE . £0.2) GO YO 2
WRITE(S,T702)
Ns
G0 Y0 72

[4
C OMLY USED FOR INTERACTIVE MODE
c

2 IF(TREVIS . EQ.1) GO TO 61
IF(TREVIS .£Q.2) GO YO S$2
IF(TREVIS.EQ.3) GO TO S2 M

IF(TYREYIS .€0.4) GO YO 82
1IF(TREVIS .EQ.8) GO TOC SS%

c
C READ MATERIAL PROPERTIES 'OF SECTION
c
[ 2} CALL MATPP1
IF(TMODE.RQ. V) GO YO 10O
IFL{PPC.LE.O.) GO TO 704
IF(PFY.LE.O.) GO TO 704
IF(PSY.LE.O.) GO YO 704
&0 T0 10 -~
708 Nei
o To 72
€
€ ONLY USED FOR INTERACTYIVE MODE
€
10 IF(TREVIS . EQ. 1} GO YO €2
14
C READ GEOMETRY PROPERTIES OF CONCRETE, REINFORCEMENT AND STABILITY
€
2 CALL GEOM1
IF(TSHAPE.EO.O) GO TO 710
IF(TRFACE .EQC.O) GO TO 710
IF(TBEND.EQ.O0) GD TO 710
GO0 Y0 Tt
710  Nm1
e Y0 72
[
C ONLY USED POR INTERACTIVE MODE
c
Tre IF(TREVIS .E0.2)GD TO 62
IF{TREVLS . E0.3) GO TO 82
IF{TREVIS.EQ .4} GO TD $£2

[4

C N IS A COUNTER DO LOOP, NLC 1S KEEP AS AN INITIAL VYALUE FOR
C THE STARTING OF EACH RUN

[4

289 N=NLC
13
C READ LOADINGC PROPERTIES
4
1 1] CaLL LOAD1Y
IPF(TDESIC.EQ.0) GO YO 718
GO0 v0 82
718 Ns
G0 YO T2
62 IFLT0ES1C.E0. 2} GO TO 20
c
€ SELECY INIVIAL COMCRETE DIMENSION
c

CALL OImEN)
GO TO(S,14),TESTD!

[
€ SELECT REINFORCEMENT
<

L] CALL REINF)
GO TO (17,14),TREINF

c
C If TODESIGCs2, SET TDIMFGz1 FOR KNOWN DIMENSIONS
c
20 YOIMFG=1
[
C CHECK SLEMDERNESS EFFECTS ABOUT X-AXIS
c

17 CALL SLEND?
GO TO (27,.14.8),TSLEMY

c
€ COMPUTE CAPACITIES ASOUT X-AX1S
3
27 CALL CAPAC:!
IF(TOEND .£Q.2) GO TO &
[
C CHECK CAPACITIES FOR ADEQUALY IN UNIAXIAL SENDING
[

CALL ADEQUY
GO YO 8

c
C CHMECK SLENCERNESS EFFECT ABOUT Y-AXIS
c

1] CALL SLEND2
GO TO (22,14) ,TSLEN2

c
€ COMPUTE CAPACITIES ABOUT Y-aAXIS
c
22 GALL CAPAC2
c
C CHECK CAPACITIES PFOR ADEQUACY IN SIAXIAL BENDING
c

CALL ADEQU2




] GO TO (14,16,11),TADEQ
c
C MODIFY SECTIONS IFf REQUIRED
4

18 CALL MODIF)Y

GO TO (6,14}, TESTMO
1" If (TYPE.EQ.1) GO TO 12
c
€ SELECT LATERAL REINFORCEMENT FOR SPIRAL COLUMN
c
CALL SPiIRS!
GO TO 14

c
€ SELECT LATERAL REINFORCEMENT FOR TIED
[+

12 CALL TIESY

ta IF(TOUT.EQ.1) GO TO 71

A STANOARD SMNORT OUTPUY IS REQUIRED

CALL OUTPUT

IF NOGY MULTIPLE PROBLEMS OR Nes1, GO TO 72
T IF(N.LE. 1) GO YO 72

SORT THE OUTPUT IN FORMATTED TYPE

NN NN NN N

CALL SORT(WED,x,JPOB)
GO YO Ss§

<
€ READ THE NEXT PROSLEM CONTROL PARAMETERS
<

T2 CALL PROBLY
CALL SORT(NED, N, JPOSB)
1F(JPOB . EQ. 1)} GO TO 2
IF(TPROS .£0.1) GO YO 703
IF(YCODE . €0.1) GO 7O 1200
IF(YCODE.EQ.2) GO YO 1200
GO0 TO S&

1200 IF(TYPE.E0.1} GO YO 120}
IF(TYPE.€0.2) GO TO 1201
GO TO &6

1201 IF(FPC.LE.O.) GD YO €6
IF(FY.LE. 0. ) GO TO S§
IP(FSY.LE. 0.} GO TO £&

703 IF(TPROS.EQ.).OR.TPROB.EQ.2) GO YO 712
IF(TSHAPE .EQ.O) GO TO 8¢

ato 7?12 IF(TPROS.LE.3) GO YO 713
alt IF(TRFACE.EQ.0) GO YO S&
a12 713 1F(TPROB.LE . 4) GO TO 718

IF(TYBEND.EQ.O) GO TO &8
T4 IF(TPROB .EQ.8) GO TO 717
GO TO 718
717 IF(TDESIG.E£0.0) GO TO 6
TI8 GO TO (TT1, 1T, 0100,900,901,88), TR0

[

L 1] sToP
c

101 PFORMAT(15A4)

700 FORMAT(’ °,S$X, INVALID BUILDING CODE ENTERED°/)
702 FORMAT(® *,SX, IMVALID COLUMN TYPE ENTERED’/)

€np
c
[ <4 .'.'.l......'."lll...l'.'l'..ll"l.l..l.....ll..ll‘."..'llll'l.
[ -2 ¥ .
SUBRDUTINE INPUTYY
= .
C sTHIS SUBROUTINE READS INPUT CONTROL PARAMETERS AND .
C sSETS CODE DEFAULT .
[ 4 ] ]
€ .....--.--.-"-.l.ll“"'.l...l......'..'I...-..‘l"lll......l-.’
c
IMPLICIT REAL(A-M,1,K=M P R, S ,W-Y) INTEGER(T, J,N,$)
COMMON PG,ESMAX, TYPE, TREINF,TSLENT, TREND, TSLENZ, TADEQ, TPROS
COMMON TCODE,WC,ES,DCC,.08S,CXINCR, CYINCR,T1,TK TBS(%) 08(9),
. FO,FL ECY,PMAK,PMIN, S8 1, EMIN,PHIV RFAC, DSMIN, SSMIN, SSMAX,
s TEMAX,SMAK,J,PRIME MINDIM, TESTOI LATDS(20) ,MINLAT, TBMAXX
COMMON FPC,FY,FSY,EC.B1, TXBRAC, KX, LUX, TYBRAC KXY, LUY, SPUY,
s SPC,PD,PL,PU, MKt MX2Z, BDX, MY, MY2, 80Y, TOUT, TMODE
COMMON TSHAPE,CX,CY.R, TOES1IC, TRFACE, N8BS, NMAK
COMMOK TDIMPFG,AC.AS,CC,S8, 0P AST NX,NY, SBX,S8Y, 05,
* Y(12),18EX,X(12),ISEY, TMODAS ,PGDES ,EY ,MCX,
* MAPPX ,PUDESYX,MUDESX,PEX
COMMON EX,MCY,MAPPY, PUDESY ,MUDESY,PBY ,MOYREQ,MOXRED,
*« YC,YB,ECS(12), EYS(12),CS(12),FT(12),
* XC,XB.ECSY(12) EYSY(12),CSV{12) FTY(12)
COMMON TESTMO
COMMON NLC,JPOB,TREVIS, TOSSS , SPACE, PITCH,NSPACR
c
DIMENSION A(S)
DATA NMCODE!,NCODEZ/°C*, A*/,MTYPEI NTYPE2/°'T*, *§°/
c

IF{TMODE.EQ.1) GO TO 0O
READ (S,101) JCOOE,JTYPE, NLC,TOUT
IF(NLC.LE.O) NLCED
GO0 YO %01
800 WRITE(7,802)
802 FORMAT(‘S CODEs? TYPES"? QUTPUY LAYOUT=? (2a2,12)°/,
/' CODE: TYPE C FOR CAN3-A23.3-M77°,
. A FOR ACI 318-77°,
TYYPE: TYPE Y FOR TIED',
S FOR SPIRAL’,
OUTPUT: TYPE © FOR SHORT",
1 FOR LONG*/)
READ(4,803) JCODE,JTYPE, TOUT

.
.
.

sasann
WAWNSNN
.

c
€ OMLY USED FOR INTERACTIVE MODE, ONE LOAD CASE IS REQUIRED
c

NLCs
803 FORMAT(242,12)

c
C COMVERTY ALPHARET TO INTEGER
c

01 IF(JCODE.EQ.NCODE1) GO TO 60O
1F(JCODE . EQ.NCODE2! GO TO 700
JF(TMODE.£Q.1) GO YO 7ToO1
YCODE=O

480 RETURN

s
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[

7014
702
.
.

703
700

600
s01

708
J08
.
s

7048

”"”

L B
c
C SEY

[
C sar
c
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WRITE(7,702)
FORMAT( 'S INVALID BUILDING CODE ENTERED'/,
/* ENTER COOE: C FOR CSA‘,

. A FOR ACI‘/}
READ(4,703) JCOOE -
FORMAT (A2)

GO TO 801

TCODE=2

GO TO 601

TCODEs 1

IF(JTYPE .EO.NTYPEY) GO TO §02
IF(JYYPE . EQO.NTYPE2) GO TO 704
IF{TMODE .EQ0. 1) GO TO 708

TYPE=O

RETURN

WRITE(T7,T706)

FORMAT(“2 INVALID COLUMN TYPE ENTERED'/,
/° ENTER TYPE: T FOR TIED’,

. $ FOR SPIRAL /)
READ(4,703) JTYPE
GO0 TO soO1
TYPEs2
GO0 To so3
TYPES 1
JIP(TOUT.NE. 1)} GO TO 9§

GO YO (97,98), TvYre
WRITE(S,312)

GO TO o3
WRITE(6,313)

GO TO0(90,91t),TCOOE
WRITE(S, 310}

GO TO o8

WRITEC(S 311}

CODE DEFAULTS

IF(TCODE . .EO.V}) GO TO tO
wCs 148 .

28228000000 .

[ {3
CXINCR>2Z .
CYINCRe2 .

DESIGNATION SHOWN IN ARRAY FORM [N INCREMENT OF 1

TSt V)18
T85(2)s6
TBS(3 )Y

s

T8S(Ti=11

T8S(8 )14
TES (9 )m 18
D8(1)50.8628
D8(2)=0.7S80
.878
.000

. 128
.270
.410
.693
08(9)82.2%7
MINLAT=0.37S
LATDE(3)=0.378
LAYDS (4)=0.500
LATDS(S$180.62S
LAYDS (8)80. 780
LATDS (7)=20.878
LATDS(8)=s1.000
LATDS(9)=1.128
LATOS(10)=1.270
LATOS (LY )= 10
LATOS (18)s1 3
LATDS(18)%2. 287
$81=1.§

EMINsS1 . O

LI -} .
IF(YTYPE . EQ.1) GO YO 1
PHIVEOD. TS

: RPACSO .86

OSMINEO0 . §

SSM] (]

SSMAX=3 . O

GO .70 12

PHIVEO. 7D

RFAC=0 .80

SMAXNEE . O

GO TO 12

WC=2400.

E$5200000.

occ=40.0

CRINCR=SO .

CYINCR=S§O,

T8S(t)x1S

TOS{2)m20

TS (31228

Tes(4)=30 B

TES (S)=38 .
TES (8 )=aS .
T8S(T7)1eSS

oB(t)=16.0

bB(2)s10. S

08(3)e28.2

DB(4)229 .0

08(S8)=3%.7

O8(8)=43.7

DB(7)=%6 .4

MINLAT21Y. ]

LATDS (8 )8 . O

LATDS(10)=11.3

LATDS(18)=16.0

LATDS (201819 .
LATOS (285 )28,
LATDS (30)=28 .
LATDS (385)=35 .
LATDS (451243,
LATDS (55)=86 .
SB1s40.
EMINE2S .

s BRNN



MINDIME200.
IF(TYPE . EQ. 1) GO TO 13
PHIVED 7S
RFAC=0.8S
OSMiNxE . O
SSMiN=2% .0
SSMAX=T7S .0
GO0 TO 12

13 PHIVED . TO
RFAC=0.80
SMAXKw18§0.0

12 ECUs0.003
PMAXXO .08
PMIN=O .01
PRIMEE] . 1416027

RETURN.

sseassFORMAT STATEMENTSsszeser

nann 1]

10t FORMAT(2A2,212)

310 FORMAY(’ °,°'DESIGN CODE = CSA A23.3-M77°/)
311 FORMAT(’ °,*DESIGN CODE = ACI 3I18-77°/)
312 FORMAT(’ *,°‘TYPE = TIED’/)

313 PFORMAT(* *,°'TYPE = SPIRAL’/)

SRS S SNSRI TSN C I NS S SRR SN INC NS UGN EORREEEEIRERE
: SUBROUTINE MATPP! *
:TNI‘ SUBROUTINE READS MATERIAL PROPERTIES, ECMO CHECKS .
STHE INPUY DATA AND EVALUATES CODE DEPENOENT VALUES £
:- --.--..n-.n.c-.-ulto.l'.-l.l--.-a.-...--nnl-..anoc.tl-.lc-t':

anonhNnN NN N

IMPLICIY REAL(AN,]1 KM P R 5 W-Y), INYEGER(T, J N, )

COMMON PG,ESMAX , TYPE, TREINF,TSLENI,TSEND, TSLENZ, TADECQ, TPROS
COMMON TCODE ,WC,E8,DCC,DSS.CXINCR , CYINCR, T] ,TK,TRS(9),08(9),
® FO,PFL, ECU,PMAX, PMIN, S8BT EMIN,PNIV, RFAC DSMIN SSMIN, SSMAX,
s TBMAK ,SMAX,J PRIME , MINDIM,  TESTOI ,LATOS(20) MINLAT, TBMAXK
COMMON FPC,FY,FSY EC.BY, TXBRAC KX,LUX, TYBRAC XY, LUY, SPU,
* SPC.PD,PL,PU, MX1 HMR2, BDX MY MY2Z, 80Y,TOUT, TMODE

COMMON TEMAPE  CX,CY, R, TDESIG, TRFACE, N8BS, NMAX

COMMON TOIMFC, AG,AS CG,58,0P AST NX,NY, S8X, SBY DS,
® Y(12),I8EX, X(12),ISEY, TMODAS ,PGDES ,EY MCX,
* MAPPX ,PUDESX MUDESX,POX

COMMON EX,MCY MAPPY PUDESY MUDESY,PBY MOYREQ MOXREOD,
®* YC,YS ,ECS(12) ,ET78(12),C8(12),FP7(12),
® XC,.XB,.ECSY¢12) EYSY{12),CSY(12) FTYY(12)

COMMON TES TMO

COMMON NLC,JPO8, TREVIS,  TDSSS  SPACE,PITCN,NSPACR

DIMENSION A(S)

IF{TMODE .£0.1) LO YD 900
READ (6,100} FPC,FY,FSY, WCC, ESS
€0 ve so1
200 WRITE(7,800)
800 FPORMAT(°8 FPC: 2 FYs 7 FSYs 7 WCCw ? ESSs 7°/,
/° { 4F7.0,F12.0)°,
/* CONCRETE STR. : (MPA OR PSI1)°‘,
/° LONG. REINF. YJTELD STRESS : (MPA OR PSI)°,
/* SPIRAL STEEL YIELD STRESS : (MPA OR PSI1)°,
/* CONCREYE DENSITY : O DEFAULT TO 2400KG/CU.M OR 148 PCF’,
/° MODULUS OF ELAST. REINF. : O DEFAULT TO 200000 MPA OR‘,
7/ 28000000 PSI°/)
READ (4,100} FPC.FY FSY WCC, ESS
901 IF(TOUT.NE.1) GO TO 1
WRITE(S,101)
WRITE(S,200) FPC,WCC, FY ESS, FSY

c
€C EVALUATE CODE DEPENDENT VALUES AND THE ENTERED MATERIAL
C STRENGTYTH VALUES
<
t £=0.688%
#=0.88

IFf WC AND ESS ARE MOT ENTERED, THEIR VALUES WILL BE ASSIGNED
8Y DEFAULT

nonn

IF(WCC.GT.0. 1) wCswCC
IF{ESS . GT.0.1} ES=ESS

708 IF(FPC.LE.O.}) GO TO 330
IF(FY. LE.O.) G0 TO 311
IF(FSY . LE.O0.) GO TO 312
IF(TCODE.E0. 1) GO TO 10
IF(FPC.GE.2000. .AND.FPC.LE.8000.) GO TO 1§
IF(TMODE . EQ. 1) WRITE(T,210)
IF(TOUY . NE. 1) GO TO 1§

WRITE(S,210)

18 IF(FY GE.40000. .AND.FY LE . 80000.) GO TO t1
IF(TMODE.EQ. 1) WRITE(TY, 211)
IF(CTOUT.NE. 1) GO TO 11
WRITE(SE, 211}

" IF(FSY.GE.40000. .AND.FSY.LE.60000.) GO TO 12
IF(TMODE.EQ. 1) WRITE(T7,212)

IF(TOUT .NE. 1) GO TO 12
WRITE(S,212)

12 EC=WCes 1 ,8933 . *SORTY(FPC)
Cx0.88-0.00008*(FPC-4000.)

DmAMAXI(C,F)
GIsAMINI(D,B)
€0 YO 18

10 IF(FPC.GE.20. .AND.FPC.LE.40.) GO TO 16
{F{TMODE . EQ.1) WRITE(7,210)
IF(TOUTY . NE. 1) GO TO 1§

WRITE(S,210)

14 1F(FY . GE.300. AND.FY . LE.400.) GO TO 13
JF(TMODE.EQ. 1) WRITE(7,211)
IF(YOUT.NE. V) GO TO 13
WRITE(6,211)

13 IF(FSY.GE.300. .AND.FSY.LE . 400.}) GO YO 14
IF(TMODE .EQ. 1) WRITE(7,212)
IF(TOUT.NE.1) GO TO 14
WRITE(S,212)

717 14 EC=WCe=1 550 O0&43sSORT(FPC)
78 C20.85-0.008s(FPC-30.)
Tt DEAMAXII(C ,F)

720 BizsAMINI(D, B)

110

—_—



1. ESMAKSFY/ES
IF(TOUT.RE. 1)
WRITE(G,6400)

RETURN

WRITE(G,300)FPC WC EC,FY ES ,FSY

RETURN
1F(TMODE.EO. 1}
WRITE(S,220)
RETURN

G0 70 700

3t IF(TMODE.EQ.1) GO TO 701

WRITE(S, 2237
RETURN
1F(TMODE.20.1)
WRITR(S,K222)
RETURN
WRITE(?,703)
FORMAT(*
® /° ENTER CONCREYE
READ(4,708) FPC
FORMAY(F7.0)

G0 To 708
701 WRITE(7,706)
708 -

700
703

704

e /' ENTER LONG.
READ(4,708) PV

G0 YO0 TOS
702 WRITE(7,707)
707
. /°
READ(4,704) FSY

GO0 TO 7vOS

non

100
200

PFORMAT (S
PORMATY ¢ °
"IX, ‘PSI/MPA"’,

. /eX,°
*°/KG/CUBIC METER’,
. /8%, LONG .
. /8%, °

. /86X, “SPIRAL
FPORMAT *
o 'PSI/MPA’,

/8K, *
S‘KG/CUBIC METER’,
. .

L]

. /8%, °

. /68X, ‘SPIRAL
108 PORMAT(* ',

.0,F12.0)
‘,BX, "CONCRETE

SYEEL

/8x,
/78X, 'LONG. STEEL

G0 To 702

STR.

ODENSITY

: YIELD STRESS
MODULUS OF ELAS,

: YIELD STRESS

‘.BX, "CONCRETE

YIELD STRESS

sesasnPORMAT STATEMENTSssseas

comp .

compP .

DENSITY

MOOULUS OF ELAS.
YIELD STRESS
MODULUS OF ELAS.
YIELD STRESS

400 FOAMAT( "
* ° WAS ASSICHNED BY DEFAULT
210 FORMAT!( '

/)

& INVALID CONCRETE STRENCTH ENTERED'/,
(MPA OR PSI)

(FT.01'/)

FORMAT(’& INVALID LONGITUDINAL YIELD STRESS ENTERED /.,
i (MPA OR PS))

(FT.01°/)

PORMAT(’S INVALID SPIRAL STEEL YIELD STRESS'/,
ENTER SPIRAL STEEL YIELD STRESS

(MPA OR PS1)

STRENGTH =* ., f10.0,

8, F10.0,1X,"PCF°,

(FT.0V° /)

=2’ ,F10.0,1X,°PSI/MPA"

=’ ,F10.0,1X
STRENGTHN

s’ F10.0

SR, PSL/ 0,

=’ ,F1S$.0,1X, ' PSI/MPA"’
JOPSTL/MPAC /)
=’ . F10.0,1X,

=, F15.0,1X, °PSi/MPA’

= F10.0,1X,‘PSI/MPA"

‘. THE FOLLOWING MATERIAL DATAC,
‘ 8K, THE ENTERED CONCRETE STRENGTN 1S NOT',

& ° WITMIN THE'/GX, "PREDETERMINED RANCGE'/}

211 PORMAT(®

*,8X,°THE ENTERED LONGITUDINAL YIELD STRESS ',

® ¢ IS NOY WITHIN THE'/6X, PRECETERMINED RANGE'/)

212 FPORMAY ("’

*.6X,° THE ENTERED SPIRAL YIELD STRESS

1S NOT*,

® ° WITHIN THE'/SK, "PREDETERMINED RANGE'/)

220 FORMAY ("’
* ¢ IS INVALID‘/)

227 FORMAT(® °,

‘COMMENTS

IREa4

5°THE ENTERED LONGITUDINAL ViILD STRESS °,

= I8
FORMAY ¢ °

INVALID /)
222

‘, "COMMENTS

2T //8%,

**‘THE ENTERED SPIRAL YIELD STRESS IS°,

e ° INVALID‘/)
EN0

SUSROUTINE GEOM1
.

SPARAMETERS

anNANnNNnN Nnon

sTHIS SUSROUTINE READS SECTION PROPERTIES,
SAND STASILITY INFORMATION,

REINFORCEMENT

EVALUATES SOME OF THEIR DATA

IMPLICIT REAL(A-M,] , K-M,P R, S W-Y) INTEGER(T,J, N, S}

COMMON PG, ESMAN , TYPE , TREINF ,TSLENY , TBEND, TSLENZ, TADESG, TPROB

¢, F18.0,1X,°'PS1/MPA"
: ®¢ ,F10.0,1X,‘PSI/MPA’ /)
‘THE POLLOWING MATERIAL DATA WAS ENTERED : /)

°,'COMMENTS :°//8X, THE ENTERED CONCRETE STRENGTH®,

COMMON TCODE ,WC.ES.DCC,DSS,CXINCR,CYINCR,TI,TK,T85(9),08(8),
¢ FO,FL ECU, PMAX,PMIN, SB1 EMIN, PHIV RFAC DSMIN, SSMIN,  SSMAX,
s TEMAX SMAX,J,PRIME MINDIM,TESTD! ,LATDS(20) ,MINLAT, TEMAXX

COMMON FPC . FY, FSY EC,.B1, TXSRAC , KX, LUX, TYBRAC,KY LUY, SPU,
¢ SPC.PD,PL,PU, MX) MX2, 80X, MY MY2,8DY,TOUT, TMODE

COMMON PSH.

E,CX,CY R, TDESIC, TRFACE,  NBS , NMAK

COMMON TDIMFGC,AG.AS,.CG,S8,0P ASY MK, NY,S8X,58Y,0S,
® Y(12),1SEX,X{12),1SEY, YMODAS ,PGDES ,EY MCX,

» MAPPX , PUDESX ,MUDESX, P8X
COMMON EX ,MCY ,MAPPY PUDESY MUDESY,PBY MOYREQ ,MOXREQ,
e YC,Y0,ECS(12),ET$(12),C85(12),FV{12),

* XC, X8, ECSY(12) ETSY(12),CSY(12),FTV(12)

COMMON TESTMO

COMMON NLC.JPOB,TREVIS, TDESS,SPACE,PITCH, NSPACR

DIMENSION A(®)

BATA NSHAPI NSHAP2 NSHAPI/'S* ‘R’

DATA NBEND1,NSEND2/°VU’, 8"/

€
C USED ONLY FOR REVISING
c

IF(TREVIS . £0.4) GO
IF(TREVIS . EQ0.3) GO
IF(TREVIS . £0.2) GO

T0 120
TO 111}
T0 730

4
€ USED FOR MULTIPLE PRODLEMS
€

IPF(TPROB.EO.3) GO TO 111

IF(TPROR.EQ. &)

Go 1o 120

780 IF(TMODE.EC.1) GO YO 900
READ(S, 100}
GO0 TO ®01

900 WRITE(7,800)

800
./ ( AZ,2F6.1
® /* SHAPE $ FOR SOUARE,
e /° DIM. IN X DIR. (L}
e /* DIM. IN Y DIR. (MM
s /° RATIO (ex/cyy -,
* /° MIN. CLEAR CONCR. COV

‘c/
DATA NFACE ) MFACE2, NFACEI NFACE4/’X",‘Y’,°8B",

e/

PROPERTIES IN -INTERACTIVE MODE

IN.}°,
IN. ),

JSHAPE ,CX ,CY R ,DCCC,CXINC,CYINC

C FOR CIRCULAR",

O DEFAULT TO 40 MM OR 1.5

FORMAT (8 SHAPE®=? CXs? CY=? Re? DCCx? CXINCRE? CYINCRE®?'/,
FS.2,3FS. 1),
R FOR RECT.,

.



» /' LENGTH INCRE. OF CX : © DEFAULY 7O SO MM OR 2 IN. °,
* /* LENGTH INCRE. OF CY : © DEFAULY TO SO MM OR 2 IN.°/)
READ(4,100) JSHAPE,CX,CY R, DCCC,CXINC, CYINC

c
C COMYERTY ALPAHSET TO INTEGER
c

201  1F(JSHAPE . EO.NSHAP1) GO TO 600
IF(JSHAPE . EO.NSHAP2) GO TO $01
IF(JSHAPE.EO.NSHAP3) GO TO 770
IF(TMODE.EQ. 1) GO TO 771
WRITE(E,772)
Y72 FORMAT( * /,SX, INVALID SHAPE OF CROSS-SECY. ENTERED‘/)
TSHAPE=C E
RETURN
F71 WRITE(7,773)
773 FORMAT('S INVALID SHAPE OF CROSS-SECT. ENTERED'/,
* /' ENTER SHAPE : S FOR SOUARE’,
s/ R FOR RECT. ",
./ € FOR CIRCULAR‘/)
READ(4,778) JSHAPE
TT74 FORMAT(A2)

GO0 TO 01
770 TSHAPE=2

GG Y0 so2
600 TENAPE=?

G0 TO0 so2

60t TSHAPEsS2
802 IF(TOUT.NE. 1) &0 TO t11
WRITE(S,209)
GO TO (90,81,92), TSHAPE
s0 WRITE(E,310)
GO YO 83
” WRITE(S,311)
60 TO 93
"2 WRITE(S,312)
3 IF({TSNAPE.EQ.J) GO YO 2880
WRITE(S 2) €X.CVY, .0
2882 FORMATY( J2K,’CX = * FE. 1, 1K, IN/MM°/3X, ‘CY =° ,FE.1,1X,
- TIN/MM° /3K, ‘CX/CY 8° FE. .2/} .
G0 YO 2aa3
2880 WRITE(S 6 28811CX
2881 FORMATY(* 2N, 'DIAMETER s° FE.1,1X, " IN/MM’/)
28083 WRITE(S,201) DCCC.CXINC, CYINC

c
C IF ONLY REYVISING CONCRETYE PROPERTIES, GO TO 2
<

" IF(TREVIS . EQ.2) GO TO 2
[ 4

IP(TMODE .£0.1) GO TO 903
READI(K, 101) JRFACE,PC,TOMAXX, NSS ,  TOSMI , TREMA, TOSSS , NX, NY
G0 YO 804

903 WRITE(?7,804)

804 FORMAT( RFACEE?Y PCE? BMAXXE? NBS=T BEMINz=S?

* ‘ BSMAXEST DSENT? NKe? NYST°/,

./ ( A2,F7.4,414,13,212)°,

¢ /* REINF., PATTERN : X FOR K-FACES, Y FOR V-FACES',

./ 8 FOR BOTH FACES, € POR CIRCULAR’,

¢ /* REINF. RATIO : O DEFAULY TO 0.03°,

e /* MAX. PERMISSISLE NO. BARS : O DEFAULT VALVE BY PROGRAM’,
soo = /* TOTAL MO. BARS : (NX, NY REQUIRED IF BARS IN BOTH FPACES')
201 WRITE(7,799)
s02 789 FORMAT(°& MIN. SAR SIZE : O DEFAULT TO 18 OR §°/,

003 = /° MAX. BAR SIZE : O DEFAULY TO 3% OR 1t°,

204 = /° MIN. LATERAL REINF. : O DEFAULY OT 10 OR 3°,

sos = /° NO. BARS IN EACH X-FACE : (NBS IS ENTERED)‘,

(117 s /° MO. BARS 1N EACH Y-FACE : (N8S IS ENTERED)'/)

207 READ(4,101) JRFACE,PG,TEMAKX NSS,TESMI , TRSMA, TDSSS , NX, NY
208 [4

sos C IF DATA 1S NOT ENTERED, ITS VALUE WOULD SE& ASSIGNED BY DEFAULY
910 c

[ XR] 904 IP(TEMAKX.NE.O) TEMAX=TEBMAXK

812 c

13 € CONVERT ALPHASETY TOO INTEGER

214 c

1S 779 IF(JRFACE.EQ.NFACE1) GO YO 803

e IP(JRFACE.EQ.NFACE2Z) GO YO 604

(154 IF(JRFACE.CO . NFACEJ) GO TO 608

IF(JRFACE.EO.NFACES) GD YO 778
IF(TMODE.E£0.1) GO TO 778

820 WRITE(S,777)
821 TTT FORMAT(® * SN, INVALID REINFORCEMENT PATTERN ENTERED'/)
€922 TRFACE=O
223 RETURN
224 776 WRITEL(T,778)
28 778 FORMAT(~ 8 INVALID REINF. PATTERN ENTERED'/,
28 * /° EMTER REINF. PATTERN : KX FOR X-FACES, Y FOR Y-FACES',
227 . M ® POR BOTH FACES, C FOR CIRCULAR'/)
28 READ(4,774) JRFACE
229 GO TO 779
230 778 TRFACE
23 G0 To sos
32 803 TRFACLEs=1
233 GO YO sO6
234 604 YRFACE=2
GO TO s0¢
238 $0S TRFACE=3
37 c
238 C ASSICN MIK. BAR SIZE # TO CORRESPONDING ARRAY DENCTAYION
33 4 .

so¢ IF(TCODE . .EQ.1) GO TO SO7
IF(YBSM] .GT.10) GO TO GOS8
IF{TBSMI .LT .S!) GO TO GOS8
TinTBSMI-&

808 IF(TBSMI.LT.E} Tis=
IF(TBSM] . 20.11) Tis9
IF(TBSMI . GE. 12 _AND.TESMI .LE.14) T1ss
IF(TBSMI . GE.18) Tiss
I1F(YOSMA.GT.10) GO TO SO®
IF(TESMA.LT.S) GO TOD sOP®
TXKETRSMA-4

(1] ] IF(TESMA . LE. 1) TKs?
IF(TESMA . GE.2._AND. . TESMA_LE.§) TK=1
IF(TBSMA . £0.11) TK=7
IF(TBSMA . GE. 12 .AND . TBSMA.LE. . 14} TK=3
IF(TESMA.CE. 18) TKs9
G0 Yo s10

87 07 IF(TBSMI _LE.1S) TI=x1
58 IF(YOSM] . GE. 16§ . AND . TOSM! .LE.20) Tis2
59 IF{TBSM] . GE.21.AND.TBSM] . LE.26) Tle3

980 IF(TESM] .CE.26 . AND . TBSMI .LE.J0) Ti=za



1900
teot
1002
1003
1004
1008
1008
1007
1008
1009
1010
103
1012
1013
1018
1018

c
C IF

1800

798

2999
c
c con
<

782

™
783

780

[ AR}
812

4
€ Eva
€

2

3001

IF(TBSM] .GE.31.AND.TESM] .LE.38) TizS
IF(TESM] .CE. 36 .AND.TBSM] .LE.45) Tisé
IF(TBSM] .GE.46) TIis7

IF(TESMA . LE. 1) TK=$
IF(TESMA.GE.2.AND . TBSMA LE.18) TKs1
IFP(TBSMA.GE. 1C.AND.TBSMA.LE.20) TKs2
IF(TESMA.GE.21 . AND.TBSMA . LE.28) TK=3
IF(TESMA . GE. 26 .AND . TOSMA . LE.30) TK=4
IF(TBSMA .CE.31 . AND.TESMA.LE.38) TK=sS
1FLTOSMA . GE . LAND . TEBSMA . LE &%) TK=§
IF(TOSMA . GE.48) TK=27

IF{TOUT . NE. 1) GO TO t20

GO TO(97,938,99,88) ,TRFACE

GD T0 &8
WRITE(E,318)
GO YO 88
wRive

nn

Go To
WRITE(S,318)

WRITE(S,202) TES(TI) TRS(TK) NBS, PG, TOMAXX, TOSSS NX, HY
OMLY REVISING REINFORCEMENT PROPERTIES, &GO TO 2
IF(TREVIS.EQC.3) GO TO 2

IF(THMODE . BQ. V) GO TO 1900
READ(S,1100) JBEND, TXBRAC.KX, LUK, TYBRAC KY,LUY, 5PV, SPC

GO YO 2999

WRITE(T, 1800)

FORMAT(*SBEND=? XBRACE? KX=? LUXEY VYBRAC=? KYR? LUYs?’,
 gpUsT gPCET /.,

LA ¢ A2,18,77.3,710.0,14,F7.3,F10.0,2¢F8.0)°,
s /° GENDING : U FOR UNIAKIAL®,

s /° s FOR BIAXIAL',
e /° BRACING ABOUT X-AX1IS : © FOR UNBRACED’,

./ 1 FOR BRACED’,
® /° EFF. LENGTN FACTOR : (ABQUT X-AXIS)‘)

WRITE(T,T798)
FORMAT(® NSUP. LENGTHN ASDUT X-AXIS : (MM OR IN.}°/,
/° BRACING ASBOUY Y-AXIS : O FOR UNBRACD',
/° 1 FOR BRACED’,
/* EFF. LENGTH FACTOR : (ABOUT Y-AXIS})°‘,
/* UNSUP. LENGTH ABOUT Y-AXIS : (MM OR IN.)°,
/° BUM AXIAL ODESIGN LOAD : (KN OR KIPS)°,
/° SUM CRITICAL LOAD : (KN OR KIPS)‘/)
ACAD(S4,1100) JBEND, TXBRAC, XK LUX,TYSRAC,KY, LUY, SPU, SPC
S$PUsSPUS 1000
SPCESPCe 1000. -

VERT ALPHABET TO INTEGER

IFP(JBEND .EQ.NBENDI) GO TO 811
IF(JREND .EQ. NBEND2) GO TO 780
IF(TMODE .EQ.V) GO YO 781

WRITE(S, 782)

FORMAT(® *,BX,°INVALIO BENDING ENTERED’/)
TBENDSO

RETURN

WRITE(T, T3

FORMAT(’8 INVALID SENDING ENTERED‘/,
s /° ENTER BENDING : U POR UNIAXIAL’,
./ 8 FOR SIAXIAL’/)
READ(&,774) JBEND

GO0 7O 1801

TOEND=2

GO TO0 612

TBEND= 1

IF{TOUT.NE. 1) GO YO 2

GO TO(190,101),TBEND

WRIVE(S,1310)

GO Y0 182

WRITE(S,1311)

WRITE(S, 1200) THBRAC,KK,LUX,TYBRAC,.KY,LUY

LLUATE SOME OF OPTIONAL DATA PARAMETERS

TF(R.LE.O, AND.YSNAPE . NE.2) R=21.0
IF(PG.LE.0.0001) PGC=0.03
IF(PG.LE.PMIN) PCaPMIN
IF(PG.GE.PMAX) PGEPMAX
IP{DCCC.CGT.0.1) DECsDCCC
JP(CXINC.GT.O.1) CKINCR=CXINC
IF(CYINC.CT.0. %) CYINCRECYINC
IF(T0855.80.0) GO TO 20
OSSsLATOS (TDSSS)

o to 21

OSSaMINLATY
IF(TCODE.£0. 1) TOSSS=10O
IF(TCODE . £Q.2) TDSSS=)
IF(TOUT .NE. 1) GO TO 3JOOO
WRITE(S, 400)
IFI(TOUT . NE. ) GO YO 3
WRITE(E,300)
WRITE(S,30V) PG,DEC,DSS , CXINCR, CYINCR
IF{TOUT.NE. 1)} GO TO 3001
WRITE(S,800)
IF(TESMI .LT .S) GO TO 4
IPF(TOUT.NE. 1) GD YO S
WRITE(S,801) TES(TI)

GO 70 §

IF(TOUT.NE. 1) GO YO §
WRITE(S,502) TBS(T1)
IF(TSSMA.LY.S) GO YO &
IF(TOUT . NE. 1) GO YO 7
WRITE(S,$03) TBS{(YK)

6o Y0 7

IF(TOUY NE. 1) GO TO 7
WRITE(S, 504} TBS(TK)

GO T0(3,9,10,11),TRFACE
IF(TOUT . NE.1) GO TO Jo0O2
WRITE(G,650%)

60 YO 12

JF(TOUT.NE. 1) GO TO 3002
WRITE(S, $08)

Go YO 2

IF(YOUY . NE.1) GO TO 3002
WRITE(G,S07)

G0 YO 12

IF(TOUT . NE. T} GO YO 3002

113



114

WRITE(S ,$08) 3

12 WRITE(E 509}

3002 GO TO(13,14,18}), TSHAPE

13 IF(TOUT.NE. 1} RETURN
WRITE(E,510)
GO0 TO 18

14 IF(TOUT.NE. V) RETURN
WRITE(G,81%)
GO YO 16

s JFLYOUT . NE. t) RETURN
WRITE(S,512)

16 IF{TSHAPE.E0.3) GO TO 2884
WRITE(S ,513) CX,CY, R

RETURN
2884 WRITE(G,2888) CX a
2885 FORMAT (13X, "OLAMETER =& * ,F6. .1, 1K, IN/MM" /)

RETURN

ssesss FORMAT STATEMENTSscasss

nna

100 FORMATIAZ, 2F8.1,75.2,37F8.1)
20%  FORMAT(* °,k2X, -~
s*MINIMUM CLEAR CONCREYE COVER =°,
= FE. 1, 1K, CIN/MM° /3K, CCRINCR 3 ° FS.1,1K, " IN/MM° /3K,
* ‘CYINCR= °* ,F§ 1K, "IN/ )
101 FORMAT(A2,.F7. 4,13,212)
202 FORMAT(® *_ 2K, °MINIMUM BAR SIZE = ¢°,
14/3%, "MAXIMUM BAR SIXE = #° ]8/3X,
‘SPECIFIED TOTAL WUMBER OF BARS USED = °,14/3X,
‘MAXIMUM PERCENTAGE OF STEEL = ° F7.4/3K,
‘ENTERED MAXIMUM PERMISSIBLE NO. OF BARS IN A FACE = °,
14/3%, *MININUM LATERAL REINFORCEMENY OIAMETER -,
* EMTEAED s # *,13/3X,°N0. OF BARS IN X-FACE’,
¢ QNLY s°,12/3X,°N0. OF BARS IN Y-FACEKE ONLY * ° 121}

300 PORMAT(2X,°PC’,TX,°0CC’,3X, 0S8 °,3X, “CNINCR’,3X,
s *CYINCR’)
30 FORMAT(FT . &, 3X,FS. 4, 1K, FE.3,3X,FS. 1, 8K, FS.1/)
298 FORMAT(* *, *THE FOLLOWING GEOMETRY’,
® ° DATA WAS ENTERED : °/)
310 FORMATI(’® * 2K, 'SHAPE = SQUARE')
310 PORMATI® °,2XK,"SHAPE = RECTANGULAR‘)
312 FORMAT(’ °,2X,°SNAPE = CIRCULAR’)
318 FORMAT (' * 22X, 'REINFORCEMENT = X-FACE ONLY')
318 FORMAT (' * 2%, 'REINFORCEMENT = Y-FACE OWNLY")
317 FORMAT(’ *,2X, 'REINFORCEMENT = BOTH FACES ‘)
318 FORMAT(’ *,2X, 'REINFORCEMENT & ARDUND THE CORE DIAMETER’)
400 FORMAT(' *, °THE FOLLOWING GEOMETRIC DATA’,
s ¢ WAS ASSIGNED BY DEFAULY : °*/)
$00 FORMAT(2X, LONGITUDINAL REINFORCEMENY DETAILS:‘/)
s$ot PORMAT (13X, ‘MINIMUM SIZEs ', 14)
$02 FORMAT (13X, “DEFAULT MINIMUM SIZ8s= o, 14)
$03 FORMAT(I13IX, ‘MAXIMUM SIZEm ®°,14)
S04 FORMAT (13X, *DEFAULT MAXIMUM SIZEe o’ 149
$08% FORMAT (13X, "REINPORCEMENTY 1N X-FACE ONLY'/)
[ 1-17 FORMAT( 13X, "REINFORCEMENT IN Y-FACE ONLY" /)
$07 FORMAT( 13X, ‘REINFORCEMENT IN BOTH FACES‘/}
508 FORMAT (13X, "REINFORCEMENT AROUND TYHE CORE DIAMETER'/)
$09 FORMAT(2X, "SPECIFIED DIMENSIONS: /)
St0 FORMAT( 13X, ‘SHAPES SOUARE' )
St FORMAT (13X, ‘SHAPEE RECTANGULAR ‘) B
$12 FORMAT (13X, ‘SHAPES CIRCULAR')
$13 FORMAT (13X, CXs’ FE.1, 1X, IN/MM* 3K, *CYe’ FE. .1, 11X, TN/ MM,
®3K,‘CX/CvYe * ,FE.2/)
1100 FORMAT(A2,14,F7.3,F10.0,14,F7.3,F10.0,2F8.0)
1200 FORMAT(’ ‘' ,2XK, SRACING WHERE O VALUE FOR UNBRAC.., 1 FOR°,
'XSRACING = *_,)4/3X, 'ROTATIONAL RESTRAINT
X1S BENDING = * F7.3/3X, UNSUPPORTED LENCTHN',
* ABOUT X-AXIS = *,F10.0,1X, IN/MM°’/3X, ' 'YBRACING = *,14/3X,
‘ROTATICNAL RESTRAINT ABOUY Y-AXIS BENDING =
F7.3/73X, " UNSUPPORTED LEKGTH ABDUT Y-AXIS = ° F10.0,1X,
TIN/MMC [ )
1310 FORMAT(® * ,2X, BENDING = UNI-AXLIAL’)
1311 FORMAT(* * 2K, 'SENDING = Bl-AXIAL‘)

En0
c
: .l‘l‘ll.".ll.l.l..l..l..l'.llll'l.‘l.-l......l‘lt..‘..'ll..lll'
[4 a -

SUBROUTINE LOAD!
[ 4 . . L[]
€ *THIS SUBRQUTINE READS LOADING PROPERTIES, COMPUTES FACTORED s
€ *LOADING WITH RESPECT YO BENDING COMDITIONS .
C - L]
c AEEESESEPSINCOECEENCUEPECE NSRS EEGESENSINTSIESOEPRRNES
3

IMPLICIT REAL(A=N,1 KM P R S WoY), INTEGER(T, J N, $)

COMMON PG, ESMAX, TYPE, TREINF, TSLENY, TBEND, TSLEN2, TADEQ, TPROS

COMMON TCODE,WC,ES,DCC,DSS . CXINCR,CYINCR, T1,TK, TBS(8),08(9},

. FO,FL,ECU,PMAX, PMIN,S81 EMIN,PHIV, RFAC,DSMIN, SSMIN, SSMAX,

s TOMAX,SMAX,J,PRIME,MINDIM, TESTDI ,LATDS(20) MINLAT, TEMAXX

COMMON FPC,FY, FSY EC,B1, TXBRAL, KX, LUK, TYBRAC, KY, LUY, SPU,

s SPC.PD,PL,PU_ MXT MX2,B0X,MY1,MY2, B0Y,YOUT, TMODE

COMMON TSHAPE,.CX.CY,R,TDESIG, TRFACE, MBS, NMAX

COMMON TOIMFG,AG,AS,CG,SB,DP AST, NX NY SBX . S8Y,DS,

¢ Y(12),I8EX,X(12),1SEY, TMODAS,PGDES ,BY MCX,

s MAPPX, PUDESX,MUDESK,PBX

COMMON EX,MCY,MAPPY, PUDESY ,MUDESY,PBY MOYREQ, MOXRED,

s YC,YS,ECS{12) ETS(12),C8(12),FT(12),

* XC.XB,ECSY(12),ETSY(12),CSY(12) ,FTY(12)

COMMON TESTMO

COMMON NLC,JPOD, TREVIS ,TOSSS , SPACE,PITCH NSPACK

DIMENSION A(S)

DATA NFACT/‘F‘/

DATA NOES1, NOES2 NOES3/°D°,°L*,°C*/
c

1F(TMODE . £0.1) GO TO 902
READ(S,101) JFACTY ,PO,PL MDXT MLXT MOXO MLXB
GO TO 199%0
802 WRITE(T,804)
804 FORMAT(’S FACTE? POx7? PLE? MOXTE? MLXTE? MOXB=? MLXB=?'/,

LI ( A2,8F8.0)°,

¢ /* FACT : U FOR UNFACTORED LOADING ENTERED®,

./ ¥ FOR PACTORED LOADING ENTERED',

s /* AXIAL DEAD AND LIVE LDAD : (KN OR KIPS)‘,

s /° MOM. ASOUT X-AXIS - DEAD LOAD ON TOP : (KN-M OR KIP-FT)’,

./ LIVE LOAD ON TOP : (KW=M DR KIP-FT}*

s/ DEAD LOAD ON BOT.: (KN-M OR KIP-FT)’,

./ LIVE LOAD ON BOT.: (KN-M OR KIP-FT)'/) !

READ(A,80%) JFACY PD,PL MOXT MLXT, MOXE MLXSB
808 FORMAT(A2, 6F8.0)




1201
1202
1203
1204

1990

14
€ CONYERT ALPHABEY TO INTEGER
€

$00
sot

807
1

[
C CONVERT ALPHABET
c

aneesna
~
.

IF(TCODE .EQ. 1) GO TO

PO=PDe 1000 .

PLEPLE 1000,
MOXTEMOXT® 12000
MLEXTEMLXT® 12000
MDXBEMDXB® 12000
MLAXBEMLXS® 12000
GO0 TO 803
POsPD=1000.

PLEPLE 1000,
MDATeMDXT* 1000000,
MLXTEMLXT® 1000000,
1000000,
000000

1991

IF(JFACT . EQ.NFACT) GO TO So0C

TFACT=O
€0 Y0 so1
YPACTE Y

IF(TOUT.NE. V) GO TO 2

WRITE(E, 180)

IF(IFACT.EQ.1) GO YO 93

WRITE(S ,313)
GO TO 94

WRITE(S,312)
/1000,
PPLEPL/1000.

IF(YCOOE.E0.1) GO TO 1892

MMOXTEMOXT/ 12000,
MMLATEMLAT/ 12000,
MMOXSeMDXS /12000
MMLEBRMLXB/ 12000 .
GO0 TO 1903
MMDXTEMOXT/ 1000000 .
MMLETEMLKT /1000000
MMDKSeMDXE /1000000 .
ML XBsMLXEB/ 1000000

WRITE(E,201) PPD,PPL MMOXT MMLET  MMOXES , MML XS

IF(TMODE .€0.1) GO YO 904

READ(S, 102) JOESIC MOYT MLYY MDYS MLYS

GO TO 1994
o6 )

PORMAY (‘S DESIGNE? MOYTEY MLYT®? MOVBE? MLY®S=?
/* DESIGN : D FOR PROGRAM
/° : L FOR ADEQO. CHECK OF SELECTED SECT

/° : € FOR A CHECKX OF ENTERED SECT.’,

MOM. ABOUT Y-AXIS

DEAD LOAD ON YOP :
LIVE LOAD ON YOP :
OEAD LOAD ON BOT.:
LIVE LOAD ON BOY.:

READ(4,807) JOESIG,MOYT MLYT MDYS . MLYS

FORMAT (A2, 4F8.0)

IF(TCODE.EQ.1) GO TO

HMDYT=MDYTs 12000
MLYTEMLYT® 12000
MDYEsMDYS® 12000 .
MLYBRMLYS® 12000 .
GO TO %0O%
MDYTaMDYT® 1000000 .
MLYTEMLYT® 1000000 .
HMOYS=MDYE® 1000000
MLYBEMLYS® 1000000

TO INTECGER

DESIGNS A SECT. -
L(MULT .

(KN-M
(KN-M
(KN
(KN-M

LoAD

908 IF(JDESIG.EQ.NDESY1) €O YO 802
IF(JDESIC.E0.NDES2) GO TO $0O3
JIF(JDESIG.EQ.NDES3) GO TO 780
IF(TMODE.EQ.1) GO TO 751
WRITE(S,7S2)
782 FORMAT(° ° . SX,"INVALID DESIGN CONDITION ENTERED'/)
TDESIG=O
RETURN
TS$1 WRITE(7,7863)
783 FORMAT(°S INVALID DESICN CONDITION ENYERED'/,

s /* ENTER OESIGM
& /° : L POR ADEQ.

e /* : C FOR A CMECK OF ENTERED SECT.°/)

7854 FORMAT(A2) R
&0 YO0 %oS

780 TOESIGs3
CD0 TO sos

$02 TOESIC=1
G0 TO SO

$03 TDOES1G=2

804 IF(TOUT .NE.1) GO TO 3
MSPURSPU/ 1000,
MSPC=SPC/1000.

READ(4,784) JOESIC

IF(TYCODE.EQ.1) GO YO

MMOYTRMDYT/ 12000,
MMLYT=MLYT/ 12000,
MMDYS=MDYB/ 12000 .
MMLYBSsMLYS/ 12000,

GO YO 1997

1996 MMDYTYSMDYT/ 1000000,
MMLYTSMLYT/ 1000000,
MMDYB=MDYEB/ 1000000 .
MMLYB=MLYS/ 1000000 .

MMOYT MMLYYT MMOYE , MMLYS MSPU MSPC

GO0 TO0(130,131,132),TOESIC

19907 WRITE(S, 202}

130 WRITE(S, 136!}
Go Yo 3

137 WRITE(S, 138}
6o v0 3

132 WRITE(S, 137

€
€ COMPUTE FACTORED
c

3 IF(TFACY .EQ. 1

FO=1.4
FLe1.7

LOADINGS

} G0 To

PUSPDSPDIFLePt

MXTEFOSMDNT+FLEMLXTY
MKB=FOSMDXB+FLMLXS
MYTEFDSMOYToFL=MLYT
MYSEFOsMDYBeFLIMLYS

Go To 11

O FOR PROGCRAM DESIGNS A SECT.',
CHECK OF SELECTED SECTY. (MULT.

LOAD

{A2,4F8.0)°/,

cases) -,

KiP-PFT)°
KIP-FY) "’
KiP-FY)
KIP=-FT)* /)

CASES ) ‘,

115



1321
1322
1323
1324
1328
1328
1327
1328
1329
1330
1331
1332
1333
1334
1338
1338
1337
1338
1338
1340
1341
1342
1343
13448
1348
1348
1347
1348
1349
1380
1381
1382
1383
1384
138§
13868
1387
1388
1389
1360
1381
1362
1363
1364
1388
1386
1387
1368
1389
1370
1371
1372
1373
1374
1378
1376
1377
1378
1379
1380
1381
1382
1383
1384
1388
1386
1387
1388
1388
1380
1391
1392
1393
1384
1398
1398
1397
1398
1399
1400
1801
1402
1403
1404
1408
1406
1407
1408
1808
1810
14318
1412
1413
1414
1418
1418
1417
1418
1419
1420
taz
1422
1423
1424
1825
1428
1427
1428
1429
1430
1431
1432
1433
1430
1438
1438
1437
1438
1439
1440

to

c
C oey
4

Tt

[ -1
so1

c
c cot
c

13
C oML
<

1s

S04

00
17

nnn

101
201

to2
202

203
204
208

tso

312
312
138
136

]

116
PURPOePL

MXTEMOXTeMLXT

MABEMOXBIMLXS i
MYTEMOYTeMLYT *

MYBSMDYSeMLYD

FD=t.0 -

FLei.0

ERMINE WHICH IS SMALLER AND LARGER END MOMENTS

IF(ARS(MRT) . LE.O. .AND . ABS(MXB) . LE.O.) GO TO 802
IF(ABS (MXT) GE.ABS(MXB)} GO TO 12
MY 1=MXT

MX2=MXS

GO0 7O 800

MXI=MXB

MX2eMXT

IF(MOXB.GT.MDXT) GO TO SO
SEOXEFOSMDXT/MK2

BOX=ABS (DBDX)

€0 TO 13

REOXuFOsMDXD/MX2

BOX=ASS (88DX)

G0 To 13

8Dbx=o0,

MXt=0.0

Mx2s0.0

G0 YO %

UMN DEFLECTS IN SINGLE CURVATURE OR DOUSLE CURVATURE

IF(MX1.LY.O. . AND.MX2.6Y.0.) GO TO 14

IF(MX2.LY.O. AND.MX1.GT.0.) GO TO 14

IF(TOUT . NE. t} GO TO 5

IF(TMDOE .EQ.1) WRITE(7,203} 2
WRITE(S,203)

G0 YO 18

IP(TOUT.NE. 1) GO TO 16

IF(TMODE . E0.1) WRITE(T7,204)

WRITE(S, 208)

¥ USED FOR BIAXIAL BENDING

IF(TBEND .EQ.1) GO TO 999
IF(ABS(MYT) . LE.O. . ANO.ABS(MYB) .LE.C.) GO TO SOS
IF(ABS(MYT) . GE.ABS(MYE)) GO TO 18
MY teMYT

MY23MYS

GO To SoO03

MY IEMYS

MY2eMYT

IF(MDYD.CT .MDYY} GO YO 604
SSOYRFOEMOYT/MY2

SOYSASS(88DY)

GO0 Yo 19

BRDYSFDSMOYS/MY2

S0Y=ARS(S8DY)

GO TO 19

80Ys0.

MY150.0

MY220.0

Ge TO0 17
IF(MY1.LT.0O..AND.MY2.6T.0.) GO 1O 20
IF(MY2.LT.0. . AND.MY1.CGT.0.) GO YO 20
IF(YOUT .NE. 1) RETURN

IF(TMODE .EQ. 1) WRITE(7,208)
WRITE(S,b20%)

6o TO 17

IF(TOUT NE.1) RETURN

IF(TMODE .EQ. 1) WRITE(?,206)
WRITE(S, 208}

G0 YO 17

MY280.0

IF(TOUT.NE. V) RETURN

PPUSPU/1000.

IF(YCODE.EQ.1) GO TO 1998
MMX2SABS (MXZ)/12000.

MMY2sABS (MY2)/12000.

GO YO 1899

MMX22A8S (MX2)/1000000.

MHMY22A8S (MY2) /1000000, i
IP(TMODE .EQ. 1) WRITE(T, J03) PPU, MMX2, MMY2

WRITE(S,303) PPU MMX2 MMY2

RETURN

esssusPFORMAY STATEMENTSssesss

FORMAT(A2,8F8.0) :
FORMAT(* *,2X,°AXIAL DEAD LOAD = *,F8.0,1X, KIPS/KN’/3X,

s ‘AKIAL LIVE LOAD =°,

. FR.O, 1K, KIPS/KN’/3X, ‘MOXTE * F8.0,1K, 'KIP-FT/KN-M",

'MLXTE ‘ F8.0,1X,'KIP-FT/KN-M’/3K, "MOXS= °,

SN RIPFT/KN-M /3K, "MLXBE * ,F8.0,1X, ‘KIP-FT/KN-M")
PORMAT(A2,4F2.0)

FORMAT(® * 2K, 'MDYTs * F8.0,1K, 'KIP-FT/KN-M’'/3X, ‘MLYTs *

® ,F3.0,1K,*KIP-FT/KN-M*/3X, ‘MOYBs * F3.0, 1X, ‘KIP-FT/KN-M",
/3K, °MLYBE *,F8.0,1X, KIP-FT/RN-M"/3K, *SUMMATION",

& ° OF PU POR ALL COLUMN IN A STOREY = ° F8.0,1X, ‘KIPS/KN",
¢/3X, ‘SUMMATION OF CRITICAL LOAD FOR ALL COLUMN 1N A STOREY=‘,
. FS.0,1X,KIPS/KN’/)

FORMAT(* *,8X,°COLUMN DEFLECTS IN SINGLE', i
¢ * CURVATURE ABOUT X-AXIS'/)
FORMAT(* * 6K, °COLUMN DEFLECTS IN OOUBLE',
* ' CURVAYURE ABOUT X-AXIS'/)
FORMAT(* ° , 8X, COLUMN DEFLECTS IN SINGLE",
* ° CURVATURE ABOUT Y-AXIS'/)
FORMAT(  *,6X,‘COLUMN DEFLECTS IN DOUSLE",
* * CURVATURE ABOUT Y-AXIS'/)

FORMAT( *,°LOAD CONDITION :°//2X,'PU =’ FB.0,1X,

= ‘KIPS/KN’,
*/2X, ‘MUK’ ,F8.0, 1K, "KIP-FT/KN-M, ', 2X, ‘MUY’ F8 0O,
BIXK,'KIP-FT/KN-M"/)

FORMAT(" *,“THE FOLLOWING LOADING’,

* ° DATA WAS ENTERED : °/)

FORMAT (' *,2X, 'LOADING = FACTORED')

FORMAT(* *,2X, LOADING s UNFACTORED')

FORMAT(® ° 2X, ‘CONOITION= DESIGN'/)

FORMAT(® * ,2X, °CONDITION® ADEQUACY CMECK FOR MULTIPLE LOAD',
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* ‘ CASE'/)

137 PORMAT(’ °,2X,°CONDITION= CHECK OF’,
* ‘ ENTERED SECTION'/)
END

EESASEESIEN RN LRSS EISSE RSN SESNSEERSENANENT IR EEREITLNENRRS
s .

SUBROUTINE DIMEN1

=
*THIS SUBROUTINE SELECTS INITIAL CONCRETE DIMENSIONS, ECHO L
®CHECKS OF INPUT DATA AND ASSIGNS DIMENSION DEFAULT FLAGS -
*TO CORRESPONOING DIMENSION ENTRY *
. =
»

SESI IS NN SR RS S SRR S LN S S SRS E SRS RN RTINS SRS UE IS REXASERRNIS Y

aMNboONAnN nNon

IMPLICIT REAL(A-H,1,K-M,P,R,S W-Y) INTEGER(T,J,N,S$)}

COMMON PG,ESMAX, TYPE, TREINF,TSLENT, TBEND , TSLENZ, TADEQ, TPROB
COMMON TCODE,WC,ES,DCC,DSS,CXINCR,CYINCR,TI,TK,TBS(9),08(9),
® FD,FL,ECU,PMAX, PMIN,SB1,EMIN,PHIV RFAC,DSMIN,SSMIN,SSMAX,
* TOMAX,SMAX,J,PRIME MINDIM, TESTDI,LATDS (20) ,MINLAT, TBMAXX
COMMON FPC,PY, FSY EC,B1, TXBRAC KX, LUX, TYBRAC,KY,LUY,SPU,
s SPC,PD,PL,PU,MX1,MX2,BDX, MY, MY2, BDY, TOUT, TMODE

COMMON TSHAPE ,CLX,CY R, TDESIG, TRFACE, NBS  NMAX

COMMON TDIMFG,AG,AS,CG,S8,DP,AST, NX,NY,SBX,SBY, DS,
* Y(12),ISEX,X(12),1SEY, TMODAS , PGOES ,EY ,MCX,
s MAPPX,PUDESX ,MUDESX,PBX

COMMON EX,MCY,MAPPY PUDESY , MUDESY,PBY MOYREQ,MOXRED,
* YC,Y8,ECS(12),ETS(12),C5(12),F7(12),
* XC,X8,BCS5Y(12) ,ETSY(12),C8Y(12),FTY(12)

COMMON TESTMO

COMMON NLC,JPOB,TREVIS,TDSSS,SPACE,PITCH,NSPACR

DIMENS 10N A(S)

CG=y./12.
DETERMINE GCROSS SECTIDN AREA BY USING MAX. AXIAL COMPRESSION
NOMINAL STRENGTH BASED ON MIN. ECCENTRICITY. ONLY USED FOR
SELECTING TRIAL SECTION

AGSAGG(PU,PHIV RFAC,FPC,PG,FY)

EVALUATE AND ECHO CHECK DATA ENTRY

non nNnonNn n

IF(EX.LE.0.1) GO YO 10
IF(CX.LT.MINDIM) GO TO 30
IF{CY.GT.0.1) GO TO 8O
JIF(R.LE.O.1) GO TD 12
IF(TSNAPE .EQ.2) GO TO 82
IF(ABS(R-1.0) .LE.O.) GO TO 82
IF(TOUT.NE.1) GD TO 3000
IF(TMODE .£Q.1) &0 TO 2000
GO TO 153

2000 WRITE(7,102)

183 WRITE(S,102)

3000 R=1 .0

82 CYsCX/R
G0 TO 1

a0 IF(CY.LT.MINDIM) GO TO 31
xoy=cx/cCY
IF(TSHAPE .EQ.2) GO TO 81
IF(ABS(XOY-R).LT.0.01) &GO TO 11
IP{TOUT.NE.1) GO TO 300t
IF(TMODE.EC.1) GO TO 2001
€D TO 154

2001 WRITE(7,100)

1664 WRITE(S,100)

300t CYmCX
60 TO 11

ot IPF(R.LE.O.1) GD TO 11
IF(ABS(XDY-R).LT.0.0t) GO TO 11
IP(YDUT .NE.T) GO TO 11
JF(TMODE .EQ.1) GO TO 2002
G0 TO 188

2002 WRITE(7,101)

186 WRITE(S,101)
GO YO tt

c
C ENTRY OF OIMENSIONS IS CLASSIFIED INTO TDIMPGe2
4

12 TOIMFG=2
CY=AG/CX

4
C COMPUTED DIMENSION 1S ROUND DOWN TO MEXT SMALLER INTEGER VALUE
c

CVICVl‘kR!lFII(CV/tVlNCl)
IF(CY.LE.NINDIM) GO TO 34
G0 TO0 3%

4
C MIN. DIMENSION IS USED IF LOMPUTED ONE IS LESS THAN THAT
c

34 CYRMINDIM
IF(TOUT.NE. 1) GD TO 3IE
IF{TMODE .£0.1) GO TO 2004
G0 TO 1858

2004 WRITE(7,303)

186 WRITE(S,303)

38 AGsCXsCY
GD TO s8¢

10 IP(CY.LE.0.1) GO TO 14
IF(CY.LT.MINDIM) GO TO 31
IF(R.LE.0.1) GO TO 18
IP(TSHAPE £0.2) GO TO 84
IF(R.LE.1.0) GO TO 384
IF(TOUT.NE. 1) GO TD 3005
IF(TMODE.EQ.1) GO TO 2008
GO0 TD 187

2008 WRITE(7,102)

187 WRITE(S, 102)

3008 R=1.0

a4 CXsCYsR
G0 To 1

c
€ ENTRY OF DIMENSION IS CLASSIFIED INTO TDIMFGe3
c

18 TOIMFG=3
CXsAG/CY

[
C COMPUTED DIMENSION IS ROUND DOWN TO NEXT INTEGER VALUE
c

CXSCXINCR=2IFIX(CX/CXINCR)
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118

ob

1F(CX.LE . MINDIM) GO TO 36
Go TO0 37
. i

14
C MIN. DIMENSION 1S USED 1IF COMPUTED ONE 1S LESS THAN THAT

s CXsMINDIM

IF(TOUT.NE. 1} GO TO 237 ‘
IF{TMODE .EQ. 1} GO TO 2007 f
G0 YO 188 ;

2007 WRITE(T,304) :

158 WRITE(6,304) ;

37 AGsCXsCY
Go To s

14 IF(R.LE.0.O1) GO YO 18
IF(TSHAPE.€0.2) CO TO 3§ ¥
IF(R.LE.1.0) €O TO 8§ i
IF(TOUT.WE. 1) GO YO 3006 ‘
IF(TMGDE.EG.1) GO TO 2008 :
G0 YO 1859

2008 WRITE(T,102)

1S9 WRITE(S,102)

3006 &e1.0

[
€ ENTRY OF DIMENSION 1S CLASSIFIED INTO TOIMFC=4

[1] TDIMFGs4
IP(TSHAPE .£0.3) GO TO 22
FEAG/R .
CYSSORT(F} :
CYRCYIMCROIFIX(CY/CYINCR} ~
IF(CY.LE.MINDIM} GO YD 4O :
GO TO 4t i
a0 CYSMINDIM .
IP(TOUT.NE .1} GO YO 41
IF(TMODE.80.1) €0 YO 2010
€0 TO 180
2010 WRITE(7,303)
1860 WRITE(S,303)
e Cx=CYR
CXSCAINCRS IFIX(CX/CXINCR)
IF(CX.LE.MINDIM) GO YO &2
GD TO 43
a2 CXEMINDIM )
IF(TOUT.NE. 1) GO TO 43
IF(TMODE .£0.1) GO YO 2011
GO YO 161
2011 WRITE(T,308)
161 WRITE(6, 304}
43 AGECX®CY
GO TO 86 N
22 cee1./18.
Fe(4.5AG)/PRIME
CXSSORT(F)
CXECXINCRSIFIX(CR/CNXINCR)
IF(CK.LE.MINDIM) GO YO 38
G0 YO 39
3s CXSMINDIM 3
IF(TOUYT . NE. 1) GO YO 39
IF(TMODE .EQ.1) GO TO 2013 !
G0 TO 182 1
2013 WRITE(7,304)
162 WRITE(S,304)
39 cy=CX
AGE (PRIMESCXs=2) /4. y
GO0 To 8¢

J——

ENTRY OF OIMENSION 1S CLASSIFIED INYQ TOIMFGES :

16 TOIMFCaS

FOR UNIAXIAL SENDING, THE CONCEPT OF MIN. ECCENTRICITY (0. 1M}
1S APPLIED . FOR BIAXIAL BENDING, RATIO OF CX/CY 1S DETERMINED
SY CONSIDERING MY2/MK2

IF(TBEND .E0.1) GO YO &7

IF NO MOMENTS ARE ENTERED, R=1.0

aOonNn NN NNn

IF(ABS(MX2Z).LE.O. .OR.ABE(MY2) . LE.O.) GD VO 240
REASS (MY2/MX2) i
GO TO 241 4
240 fs=1.0 ¢
241 PFERAG
CXSSORT(F)
CX=CXINCRe IFIX(CX/CKINCR)
IF(CX.LE.MINDIM) GO YO &4
GO0 To 4%
as CX=MINDIM
IF(TOUT .NE. 1) GO YO 48
IF(TMODE . EQO.1) GO TO 2018
GO YO 183
2018 WRITE(7,304)
183 WRITE(S,304) .
1684 as cCYsCX/R !
CYSCYINCR=IFIX(CY/CYINCR)
IF(CY.LE.MINOIM) GO YO &8
G0 YO a7
. CYSMINDIM
IF(YOUT .NE.1) GO TO &7
IF(TMODE .Z0.1) GO TO 201§
G0 TO 184 i
2016 WRITE(?,303) .
164 WRITE(S,303) i
7 AGaCX=CY
G0 TO &8s
3] CYSABS (MX2) /(0. 1sPU)
CYSCYINCRSIFIX(CY/CYINCR)
IF(CY.LE.MINDIM) GO TO 90
GO TO 81
90  CYSMINDIM
IF(TOUT.KE. 1) GO TO 8t
IF(TMODE.EQ. 1)} GO TO 2017 -
GO TO 1868
2017 WRITE(7,303)
165 WRITE(S,303)
[} CxsAG/CY
CXsCXINCR®IFIX(CK/CXINCR) i
IF(CX.LE.MINDIM) GO TO 82
GO TO 47
22 CXeMINDIM




e e

5

e,

1738
1740
1741

-1742

1743
1744
1748
1748
1747
1748
1789
1780
1781
1782
1783
1764
1788
1788
1787
1788
1789
1760
1761
1782
1783
1784
1788
1768
1787
1788
1789
1770
1771
1772
1773
1774
1778
1776
1777
1778
1778
1780
1781
1782
1783
1784
1788
1788
1787
1788
1788

1791
1792
1793
1784

L]
1797
1788
1799
1800

IFCYOUT . NE. 1) GO YO 47
IF{TMOOE .EQ.t) GO TO 2018
GO0 TO 168

2018 WRITE(T,304)

166 WRITE(S,6 304}
GO TO 47

c
C ENTRY OF DIMENSION 1S CLASSIFIED INTO TDIMFGe)
[ 4

" TOIMFG= Y
Go TO0 32

30 IF(TMODE . €0.1) GO YO 2018
€0 TO 187 .

2018 WRITE(7,3108)
WRITE(7,301)

187 IF(TOUT.NE.V} GO TO 3100
WRITE(S,3108)

WRITE(S, 301}
GG YO 33

3100 WRITE(S,301)
G0 70 33

31 IF(TMODE .EQ. 1) GO TO 2020
G0 TO 182

2020 WRITE(7,3108)
WRITE(T,302)

188 IF(TOUT . NE. 1} GO TO 310
WRITE(G, 3108)
WRITE(E,302)

G0 7O 13

3101 WRITE(8,302)

[
€ PROCESED YD NEXY PROBLEM OUZ TO ENTERED DIMENSIONS LESS THAN MINOIM
[

33 TESTOI=2
RETURN

2 IFI(TSHAPE . £0.3) &0 T8 20
AGaCXeCY
60 TO0 83

20 €Gs1./18.

AGS (PRIMEeCXR2=2 ) /4.

83 IF(TOESIC.EQ.1) GO TO &8
JPFITOUT .NE. 1) GO TO 3010
IF(TMODE .EQ. 1) WRITE(7,400)
WRITE(E, s00)

c
C RETURN TO MAIN ROUTINE TO CONTINUE EXECUTION
c

3010 TESTDI=1
RETURN
[ 1] ASEPMINEAG
CIF(TOUT . NE.T) GO TO 3012
IF(TSHAPE .EQ.3) GO TO 2830
IF(TMODE .EQ.1) GO TD 2024
GO0 YO 172
2024 WRITVE(7,201) €X.CY
172 WRITE(S,201) CX,CVY
201 FORMAT(® *, °INMITIAL TRIAL CONCRETE ODIMENSION :°//2K,°CX = °,
 FE.1, X, EN/MM. ., ,BX,°CY = FE. .1, 1K, "IN/ MM/
GO TO 3012
2880 IF(YMODE .£0.1) WRITE(7,2881) CX
2881 PORMAT(  “,“INITIAL TRIAL CONCRETE DIMENSION :°//2X,
s *DIAMETER CLFELN I, IR/ /)
WRITE(S ,288%) CX

[
3012 TESTODI=1
RETURN
c
301 FORMAT(’ * SX, THE GIVEN DIMENSION CX IS LESS THAN THE‘,
® ° MINIMUM DIMENSION : /)
302 PFORMAT(® * ,SX,° THE GCIVEN DIMENSION CV IS LESS THAN THE',
® ° MINIMUM DIMENSION : °/)
303 PORMAT(® *,BX, ‘MINIMUM DIMENSION CY IS USED‘/)
3084 FORMAT(® * X, "MINIMUM DIMENSION CX (S USED’/)
100 FORMAT(’ ’ BK, GEOMETRIC INPUT DATA 1S WRONG',
s * DUE TO ASPECT RATIO’/SX,‘FOR NON RECT. SHAPE’/)
10t PORMAT(’ °,EX, 'GEOMETRIC INPUT DATA IS WRONG DUE TO ASPECT',
* * RATIO‘/)
102 FORMAT(® ° SX, "GEOMETRIC INPUT DATA IS WRONC DUE YO°,
s * ASPECY RATIO, /8K, SET IT EQUAL YO 1.0°/)
400 PORMAT(°® ‘ ,BX, ADEQUACY CHECK OF DESIGN COLUMN SECTION‘/)
3108 FORMAT(’ °,L ‘COMMENTS :°/)
L {1

FUNCTIOR AGG(PU,PHIV RFAC,FPC, PG, FY)
IMPLICIT REAL(A-H,] . K*M,P R, S W-Y) INVEGER(T J, N, 8!}

AGGEPU/ (PHIVERFACE (O . BSeFPCHPCs(FY-0.882FPC) )

a N N Nn

RETURN
a&no

ESESCEN SN SNEENCASEESEEERSENENTINEEREENTSESENEESEERRNEREROUBERES

L] s
SUBRDUTINE RELINF) :

L]

sTHIS SUSROUTINE SELECTS REINFORCEMENT, CHECKS BARS SPACING

N0 REINFORCEMENT RATIO, COMPUTES MOMENT OF INERTIA OF
EINFORCEMENT

. .
SIS AN ES SRS E SRS RESEE eI SESS NS EEEUNTERESEURSEEEEOEORERTEERRY

nAaonNnn nnn

IMPLICIT REAL(A-N, I KM, P R S W-Y), INTEGER(T J,.N,$)

COMMON PG, ESMAX, TYPE,  TREINF,TSLENT, TBEND, TSLEN2, TADEO, TPROE
COMMON TCODE ,WC,ES,0CC,DSS, CXINCR, CYINCR,T1,TK, T8S(9),08(9)},
* FO,.FL,ECU,PMAX ,PMIN S81 ,EMIN,PHIV RFAC DSMIN, SSMIN, SSMAX,
¢ TBMAK,SMAK,J,PRIME MINDIM, TESTDI,LATDS (20} MINLAT, TBMAXX
COMMON FPC,FY, FSY EC . B1, TXBRAC KX, LUX, TYBRAC KY,LUY, SPU,
¢ SPC,PD,PL,PU MX1 MX2,BDX, MY1, MY2, B80Y,TOUT, TMODE

COMMON TSHAPE CX,CY,R TDESIG, TRFACE,N8S , NMAX

COMMON TDIMFG,AG,AS,CG,$0,DF ASY, NX, NY SEBX, SBY, DS,
s Y(12),1SEX X(12),IS€Y, TMODAS ,PGDES ,EY MCX,
* MAPPX ,PUDESK ,MUDESX,PEX

COMMON EX,MCY MAPPY PUDESY MUOESY,PBY MOYREQ MOXREQ,
s YC,YB,ECS¢12) ,ETS(12),CS(12),FT(12),
¢ XC,X0,ECSY(12) ,ETSY(12),C8SY(12),FTYL12)

COMMON TESTMO

COMMON NLC, JPO0B,TREVIS TOSSS, SPACE,PITCH, NSPACR

OIMENSION At9)

119
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REWIND 8
IFP(TOUT .NE. 1) GO YO 3000
IF(TESTMO.ME. 1) GO TO 3100
WRITE(S,3101) CX,CY
3101 FORMAT(’ °,SX, NEW TRIAL CONCRETE DIMENSION :@°,
s 2X,°CX ® *,F&.1,2X,°CY = ° ,F6.1,2X%, 1IN PROJECT UNITS /)
3100 IF(TMODE .€0Q.1) WRITE(Y, 400!
WRITE(S,400)
3000 IF(TMODAS . EQ.1) GO YO 1
IF(TMODAS .EQ.2) GO 10 7S
IP(TDESIG.EQ.1) GO YO 1§

c
C SPECIFIED BAR SI[ZE AND REQUIRED TOTAL WO. OF BARS ARE ENTERED
c

JsT1
TKs Y]
A(SIS(PRIMESDB(J)®e2) /8.
NMAKSNBS
ASENMAXTA(J)
Ne[FIN{NMAK/2.¢0. .81}
G0 YO 2

1 NB=NES
GO TO 18

7% NB=NES
A(J)IS(PRIMESDB(J)I=v2) /4.
HeIFIX(NMAK/2.¢0.81)
€0 YO 12

c
C FOR DESIGN PROSLEM, SELECT POSSIBLE BAR S1ZE AND NO. OF BARS
4

e JuT1
NB=NES
" A(J)IS(PRIMNECDB(J)Im=2)/6.
IF(NS.NE.O) GO TO 82
NMAKSIFIXN(AS/A(J)*0.0)
N IFIX(NMAR/2.40.81)
NMAR® 25N
IF(TEMAXX  NE.O) GO TO 74
C MAXIMUM PERMISSISLE NUMBER OF SARS COMTROLLED
C BY THE LEAST DIMENSION IN WHICH SARS I$ LOCATED AT
c
€O TD0(70,501,802,801), TRFACE
$02 IF(CX.GT.CY) GO YO 70
$01 DiIMsCX
G0 YO 7Tt
70 Dim=Cy
Tt IF{TCODE.EQ.1) GO TO 72
1F(OIM.LE.16.) GO TO 73
TEMAXEIFIX(DIM/8.0¢1.0)%4
GO YO 78
T3 TEBMAKES
GO YO Ta&
72 1F(DIM.LE . 400.) GO TO 73
TEMAKSIPIX(DIN/200.21. )54
74 IF(NMAX . LE.TBMAX) GO TO 12
IF(J.GE.TK) GO YO 380
Ju et
GO0 TO 16
€2 NMAXENE
NeIFIXK(NMAX/2.40.81)
12 SBEAMAK1(1.S*DB(J) 581)

c

C CHECK MIN. LATERAL RIENFORCEMENT DIAMETER, 0SS

<
CALL REINIT(TCODE, TYPE DSMIN,TSS,J, 085, TOSSS)
DPEDCC+DSS+DB(J)%0.§
GO TO(17,18,19,20) ,TRFACE

<
C. CHECX NO. OF BARS, BARS SPACING AND REINFORCEMENT RATIO
c

" HsCY
G0 Yo 21
8 HsCX

0N GaN-2. sDP
B (N-1.)%(0B(J)*S8)
fF(NMAX .GE. &) GO TO 22
7 IF(TOUT .NE. V) GO TO 30O
WRITE(S, 200)
WRITE(S,201) NMAX,T88(J), 58,038
IF(TMODE .EQ. 1) GO TO 870
G0 T0 30
870 WRITE(7,200)
WRITE(T7,201)NMAX TBS(J), 88,088
30 IP(TDESIG.EQ.1} GO TO 13I%0
TREINFRZ
IF({TMODE . E0.1) GO TO 2001
GO0 TO 139
200t WRITE(T7,202)
131 WRITE(S,202)
RETURN

FOR DESICN PROGLEM, ASSIGN MIN. NO. OF SARS TO NMAX IF LESS
THANK THE MIN. ONE

NN

380 GO TO(3S61,351,352,383), TRPACE
3861  NMAX=4
HElFIX({NMAX/2.40.81)
Go To 22
382 HNXxs2
GO To 8o
383 NMAXsS
NaIFIX(NMAX/2.¢0.81)
GO TO 384

c
€ CHECK BAR SPACING
c

22 IF(S.LE.C) GD TO 24

1) IF(TOUT .NE.1) GO YO 33

,200)

L201) WMAX,TBS(J),58,08S
I#(TMODE.EQ. 1) GO TD 871
G0 7O 33

€71 WRITE(7,200)
WRITE(7,201)NMAX, TBS (J) ,58,DSS

33 IF(NBS.NE.O) GO YO 360

<
€ INCREASE BAR SIZE
c

IF(J.GE.TK) GO TO 360

S—y

o

i



[,

duJdet
GO YO 16

24 ASTENMAXSA(J)
PGDES=AST/AG

[
C CHMECK REINFORCEMENT RATIO

c

IP(PGDES.LE.PGC) GO TO 26

360 &GO Y0(361,362,363,364,368),TDIMFGC

IF(TMODE.EQ. 1) GO TO 367

GO T0 3s8

387 WRITE(7,389)
368 WRITE(S.38

c
€ PROCEED TO NEXT PROSLEM RESULTING FROM LIMITING CONSTRAINTS

| 2]

TREINFs2

RETURM
382 CYsCYeCYINCR

3201
370
368

2004
134

GO TO 388

CRsCACCXINCR

GO YO 286

IF{CX.GE.CY) GO YO 3200
CResCXeCXINCR

CYeCX/N
CYRCYINCReIFIX(CY/CYINCR)
GO YO 3201

CYSCYSCYINCR

CxeCYER
CRECXINCRSIFIR(CX/CXINCR)
IF(TSHAPE .EQ0.3) GO TO 370
GO YO 368

AGe (PR INESsCXes2) /4.

G0 TO 371t

IF(CX.GE.CY) GD TO 382

ce YO 383

AGsCReCY

ASePMINSAC

IF(TOUY . 1) GO TO 1§
WRITE(8,3101) CX,CY

60 TO 18

SBe (G (-1, )sDB(J) /(N1
IF(TOUT .NE.1) GO 7O 29
IF(YMODE.E0.1) GO YO 2004
GO YO 134

WRITE(7,204) NMAX, T8S(J),58,058
WRITE(S, 204} NMAX TES(J), 58,08S
G0 TO 29

BARS IN BOTH FACES
IF(NES.NE.O) GO TO 373

[
C COMPUTE NX AND WY
[ 4

72

373
.3

374

3854
c

C comi
c

2007

937

IF(ABS (MX2).CE.ABS(MY2)) GO TO 372
UASIFIN((NMAK®S . ) /8 +0.81)
NYSIFIN((NMAR-4. )/4. )

Ge Yo 373

UXSIFIX((NMAKS ) /8. )
NYSIFIN((NMAX-4.)}/4.90.81)
IPF(2eNX-4) 63,860,80

IF(TOUT . NE. 1) GO TO 30
IP(TMODE . EQ. 1) WRITE(T,300}
WRITE(S,300)

WRITE(S,301) WX, NY, TBS(J),58,DSS
IF(TMODE . €0.1) WRITE(T7,301)NX NY TBE(J) 58,0S8S
0 Yo 30

GX=CY=-2,.00P

BXS(NX=-1.)e(DB(J)+SB)

IF(BX.LE.GX) GO TO 32

GO To 374

CY=CX-2 sDP

BYS(NY<1, ) (DBLIIOSE)

IF(BY.LE.GY) GO TO &6

IF(TOUT .NE. '} GO TO 33
WRITE(S,6300)

IF(TMODE.EQ. 1) WRITE(7,300)
WRITE(S,301) NX NY,TBS5(Ji,.S88,0S8S
IF(TMODE . EQ.1) WRITE(?,301)NK NY TRS(J), 58, 0SS
Go Y0 313

ASX®2 sNXsA(S)

ASY=2 sNYeA(J)

ASTEASXOASY

PGOESSAST/AC

IF(PGDES . GT.PC) GO TO 38O

SO (GX-{NX=1. )sOB(J))/(NR-1.)
SBYR(GY-(NY+1 ISOB(J))/INYeL )
NNE=2eMX .

NNYs2ENY

IF(TOUT.NE. 1) GO YO 29
IP(TMODE.EO. 1) GO TO 2008

G0 10 138

WRITE(7,208) NNX,NNY , ASK ASY ,SEX ,S8Y TS (J) , DSS
WRITE(S,208) NNK, HNY ,ASK ASY ,SBK,S0Y , T8S(J} , DSS
G0 TO0 2¢

SARS [N CIRCULAR CORE

oseCX~-2.%0F

GsPRIMESDS
SENMAXS (DB (J)eSB )}
IF(NMAX.LT.6) GO TO 87
IF(8.CT.G) GO TO &8
ASTENMAXeA(J)
PGOES=AST/AC
IF(PCDES . CT.PG) CO YO 380
E G/umax

S$8eSBEB-08(J)

PUTE ANGLE SETWEEN SARS

HETASSBBB/(0.8°DS)

IF(TOUT .NE. 1) GO TO To¢
1F(TMODE .£0.1) GO TO 2007

60 T0 137

WRITE(7,204) WMAX, T8S(J}, 58,60SS
WRITE(7,208) HETA, 0S8
WRITE(S,208) NMAX,T8S(J),S$8,0SS
WRITE(S,208) META, DS

121
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204 c
2042 C DETERMINE ISEX IN THIS SUBROUTINE FOR CONVENIENT DATA NEEDED
2043 €
2044 709  YSUMSO.
2045 TLEIFIX((NMAX-4 . }/4. ¢0.51)
2048 DO 3§ NI=1,TL
2047 STASNISHETA
2048 YI(NI)=O.5=DSsSIN(STA)
2049 3s YSUMSYSUMIY (NI )es2
2080 4
2081 C DETERMINE WHETHER MAVING CENTER BARS OR NOT
2082 [
2083 NOSNMAX/2
2084 NOO=NO/2
208§ IF(N0/2.°NOD.LE.O.0001) GO TO 88
2086 NM=0
2087 co 10 87
2088 8 M=
2089 7 ISEXB(ASTS (O . SeNMsDS=e2+4 . aYSUM) ) /NMAX N
2080 G0 70 38
2081 29 GCAMMAYS (CY-2.3DP)/CY
2082 GO0 TO(37,38,39,.38),TRFACE
2083 7 YSUM=O.
2084 TLeIPIR((NMAK-1.)/4.90.81)
2068 DO 40 Wilm1,TL
2088 Y(NT)=mO.8sGAMMAYSCY=-(NI-1. )0(DR(J)*E8)
2087 40 VYSUMEYSUMeY (NI bes2
2088 ISEXR(& . “ASTeYSUM) /NMAK
2089 GO0 TO 38
38 I1SEXSO . 280 ASTSCAMMAYSs2eLYss2
GO YO 38

38 YSUMsO.
TLEIPIN((Z.eNX-1.1/6.90.81)
00 4t Wi=i,TL ,
Y(NI)nO.SsGAMMAYSCY-(NI-1.)s(SBXeDB(J)}
41 YSUMBSYSUMeY(NI)ss2
ISEXE0. 250 ASYSGAMMAYSs2sCYes20 (2. sASKIVSUMI/NK
38 IF(TSEND.E0.1) CD YO 47

€
C ALSO DETERMINE ISEY, ONLY USED FOR SIAXIAL BENDING
[

IF(TRFACE.EQ.4) GC YO 43
GAMMAXE (CX-2.30P)/CX
GO TO(44,45,48,43) , TRFACE

a8 1SEYRO.25*ASYEGAMMAXNS=23CXse2
GO TD 47

4% KSUMEO .
TLEIFIX((NMAX-1.)/8.90.81)
00 &8 Nist, TL
N(NI)mO . SECAMMAXSCX-(NI-1.)0(DB(J)+SB)}

a8 ASUMS XSUM+X (N])es2
ISEYS (4 . SASTEXSUM) /NMAX
GO YO a7

a8 XSUMsO .
TLSIFIR((2.50Y-1.)/4 . ¢0.81%)
IF(TL.LE.O) TL=}
00 49 Nimi,TL
IiﬂlIIO.I!GAﬂHAI‘Cl'UI(Jl'SIV-(Nl-l.D'(SIV'D.(JDD

49 RSUMSKSUMeX (M1 ) =92
IP(NY.€0.0) GO TO 989
ISIVIO.ZSOASI'Gl“ﬂllICIOCII'QO(I.IASV.ISUMD/NV
GO TO 47

8 I1SEY20 . 25CASKSGAMMAXse2sCX 282
G0 YO 47

a3 AXEUMEO .
TLsIFIX((NMAX=-3.)/4.¢0.81)
00 6O Nis=),TL
CTASMISHETA
X(N1)=0 SeDS*COS(CTA)

0 KSUMEXSUMSN (N1 )02
ISEYR(ASTS(O.S50Ss02¢4 0XSUM} ) /NMAX

c

47 IF(TOUT . NE. 1) GO TO §2
1IF(TMODE . EQ. 1} CO YO 2009
Go YO 138

2008 WRITE(T7,211) PCGDES

138 WRITE(S,2V11) PGDES

c
C RETURN YO MALIN ROUTINE AND CONTINUE EXECUTION
c

$2 TREINF=
RETURN

*essssFORMAT STATEMENTSsasss

nnn

400 PFORMAT(’ °, SELECTED REINFORCEMENT DETAILS A
200 FORMAY(® °, 1X,’' NMAX®,2X,‘8S(J)°,.8X,
s °SB°, 86X, ‘DSS’)
201 FORMAT (1S ,2X,18,2F10.3/)
202 FORMAT(’ ‘,SX, ‘THE CODE’,
s * REQUIREMENT FOR MINIMUM WUMBER'/6X, ‘OF LONGITUDINAL ",
s * BARS 1S NOT MEET.‘/)
204 FORMAT(® °,2X, NUMBER®,
s OF LONGITUDINAL BARSs ° J4/3X,’'SAR S1IEs o, 14/,
s 3X,°CLEAR BAR SPACINCs CL.PE.2,1K, IN/MM /3K,
«*LATERAL TIES OLAM.= * ,F6.3,1X, *IN/MM’)
208 FORMAT(‘ ‘,2X,°X-FACEsYES 37X, Y-PACE=YES’,/ HUMSER OF ",
e LONGITUDINAL SARS= °,]8,8K,° NUMBER OF LOMGITUDINAL BARSs
o« 14/°STEEL AREA= CLF12.1,1K,°SO.IN/SQ. MM 17X, "STEEL AREAs ‘.
sF12.1,1X, 'SQ.IN/SQ. MM/, 'CLEAR BAR SPACINGE * ,F6.2,1X, " IN/MM",
s 22X, CLEAR BAR SPACINGE L FE. 2, 1K, IK/MM° /10X, ‘esmE "
« ADDITIONAL INFORMATION sasxes’/10X, ‘BAR S12Es #’, 14/10K,
s *LATERAL TIES OIAMETER= * F6.3, 1K,
208 FORMAT(® *, 2K, ANGLE BETWEEN BARSs ¢, F7.3,3X,'RADIAN/3X,
s *DIAMETER OFf LONGCITUDIMAL STEEL CIRCLE= CLET.2,IR, CEN/MMC /)
211 FORMAT(® *,2X,°PC DESIGNs * ,FS.4/)

c
300 FORMAT(" CL2K,THNK,EX, MY’ AKX, *BS(J) "’ EX, "SB°, 8K,
s ‘DSS’)
30t FORMAT(1S,2X,18,2%,186,2F10.3/)
368 FORMAT(® °*,EX, DESIGN CANNOT BE COMPLETED COMPLETED ' /68X,
v *‘CONSISTENT WITH THE ENTERED RESTRAINTS '/}
END

SRS IEES S TIRENEE IS UNENESSIENEEEEEURNESUEIRERESTINRERSTIELS

. »
SUBROUTINE REINI1(TCODE TYPE ,DSMIN, T8BS ,J, DSS,TOSSS)

s .

STHIS SUBROUTINE CHECKS MINIMUM LATERAL REINFORCEMENT DIAMETER =

L] *

ann non
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IMPLICIT REAL(A-M,] ,K*M,P R,S,W-Y), INTEGER(T J ,N,$)
OIMENSION TBS(9)

IF(TYPE.EG.2) GO TO 10
IF(TCODE .EQ.1) GO TO 1t 4
IF(TBS(J).LE.10) GO TO 13
IF(DSS.CT7.0.8) GO TO 13
D$Ss0. &
TDSSS=4
G0 7O 13

11 IF(TBS(J).LE.30) GO TO 14
IF(DSS.GT.11.3) GO TO 13
D$s$S=11.3
TDSSS=10
GO0 TO 13

14 IF(DSS.GT.0.30=TRS(J)) GO TO 13
DSs$=11.3
TDS$88=10 .
GD TO 13

10 IF(DSS.GT.DSMIN) GO TO 13
DES=DSMIN ‘
IF(TCODE.£0.1) TDSSS=§
IF(TCODE.EQ.2) TDSSS=4

13 RETURN
END

SENSSSESEERBESILTASSSEREETRESSSENIISBASRSLESUNRIEESSIETEZRRIERET
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SUBROUTINE SLEND?

*

L]
2THIS SUBROUTINE CHECKS SLENDERNESS EFPECTS ABOUT X-AXIS
. L]
SEESSSSEENENESSUSESEEEPL LSS RERRNUSS AR RIS R ARANEREESTEEITAEINNS

nonNnn ann

IMPLICIT REAL(A-H,] . K-M,P R,$ W-Y), INTEGER(T, J,N,$)
COMMON PG ,RSMAX, TYPE, TREINF,TSLEN1, TBEND, TSLEN2, TADEQ, T
COMMON TCODE,WC,ES ,OCC,DSS , CXINCR, CYINCR,TI, TK,TBS(8),
s FD,FL,.ECYU,PMAX PMIN,SB1, EMIN,PHIV RFAC,DSMIN, SSMIN, SSMAK,
s TOMAX,SMAX,J,PRIME MINDIM, TESTDI,LATDS(20) ,MINLAT, TBMAXX
COMMON FPC.FY, FSY, EC,B1,TXBRAC KX, LUX, TYBRAC ,KY,LUY,SPU,
s SPC,PD,PL,PU,MX1T ,MX2,BDX, MY1 MY2, BDY, TOUT, TMODE

COMMON TSHAPE CX,CY, R, TDESIG, TRFACE,NBS,h NMAX

COMMON TDIMFGC,LAG,AS.CG,SB,DP AST,NX,NY, SBX,SBY,DS,
* Y{(12),1SEX,X(12),1SEY,  TMODAS ,PGCODES ,EY ,MCX,
2 MAPPX,PUDESX ,MUDESX,PBX

COMMON EX,MCY,MAPPY, PUDESY MUDESY,PBY MOYREQ MOXREQ,
* YC,YB,ECS(12) ,ET5(12),C8(12),7F7(12),

s XC, X8 ,ECSY{(12) ,ETSY(12),C8Y(12) ,FTY(12)

COMMON TESTMO

COMMON NLC, JPOB,TREVIS,  TDSSS ,SPACE ,PITCH, NSPACR

DIMENSION A(S)

IF{TOUT.NE.1) GO TO 3000
IF(TMODE . EQ.1) WRITE(7,800)
WRITE(S,800)
$00 FORMAT(' ‘,‘CHECK SLENDERNESS EFFECTS BENDING',
s ° ABOUT X-AXIS :°/}
c .
C COMPUTE MOMENT OF INERTIA OF CROSS-SECTIDN AND RADIUS OF GYRATION
C AND SLENDERNESS EFFECTS ABOUT X-AXIS

c

3000 IGX=SCGsAGsCYsv2
RAT=IGX/AG
RX=SORT (RXT)
SXsKX®LUX/RX
IF(TXBRAC.EQ.T1) GO TO 10O
IF(SX.LE.22.) GO TO 11
IF(SPU.LE.O. .AND.SPC.LE.O.) GO TOD 12
IF(PH]IVsSPC.LE.SPU) GO TD 38O
CMxs1.0
DELTAX=CMX/(1.-(SPU/(PHIVsSPC)))
IF(DELTAX.LE.1.0) DELTAX=1.0
60 YO 13

" ODELTAXs1 .0

GO0 TO SO

4
C PROCEED TO NEXT PROSBLEM RESULTING FROM INCOMPLETE IMPUT PARAMETERS
c

12 TSLENIE2
IF{TMODE.EQ.1) GO TD 2001
GO TO 131

2001 WRITE(7,201)

131 WRITE(S,201)
RETURN

3280 TSLENI=2
IF{TMODE .EQ.1) WRITE(7,381)
WRITE(S,381)
RETURN

10 IF{ABS (MX2).LE.O.) GO TOD 6toO
MX128A8S (MX1/MX2)
G0 TO 611

810 MXi12:1.0

st IF(SX.LT.J34.-12.%MX12) GO TO 14
IF(TOUT.NE.1) GO TO 3001
IF({TMODE.EQ.1) GO TO 2002
G0 TO 132

2002 WRITE(7,202)

132 WRITE(S,202)

[
€ COMPUTE EI VALUE AND CRITICAL LOAD
c .
300t EIX=(O.2=EC*]JCX+ES*ISEX)/(1.+8DX)
PEXE(PRIMES®29EIX )/ (KXSLUX )22
IF((PHIVSPCX).GT.PU) GO TO 40
IF(TOUT.NE. 1) GO TD 3002
IF(TMODE.EQ.1) 60 TO 2003
G0 TO 133
2003 WRITE(7,400)
133 WRITE(S,400)
c
C REDESIGN CONCRETE SECTION DUE TO STABILITY PROSBLEM BY USING
C SEVERAL DESIGN CODE EOQUATIONS AND THE FORMULA IGsCG=AGsH

[+

3002 IF(TDIMFG.E0.1) GO YO &1

€

€ SET PCX=PU/PHIV AND USE THE CONSERYVATIVE CODE

€ EQUATION OF E1 FOR SLENDER COLUMN
c
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2282
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2293
22948
22%S
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23111

2312
2313
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2318
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2318
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2320
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2322
2322
2324
2328
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2327
2328
2329
2330
233

2332
2333
2334
2338
2338
2337
233a
2339
2380
234
2342
2342
2344
2348
2346
2347
2343
2349
2380
238
2382
2383
2384
238§
2386
2387
23858
2389
2380
2381
2362
2382
2364
2368
2386
2387
2383
2368
2370
223IM
2372
2373
23748
237%
2378
2377
2378
2379
2380
2381
2382
2383
2384
2388
2386
2387
233838
2389
2390
2381
2392
2393
2394
239S
23886
2397
2398
2399
2400

4

2004
134

124

IGK® (PU/PHIV IS (KNS LUX/PRIME)==22(1 . +8DX)/(0. 4EC)

GO TO (41,42,43,44 ,48),TDIMFC
IF(TMOOE .EQ.V) GO TO 2004

GO TD 134

WRITE(Y? 401}

WRITE(S, 401)

c
C PROCEED 7O MEXT PPOBLEM RESULTING FROM CONSTANT DIMENSIONS
c

TSLENI=2
RETURN

3 .
C COMPARING NEW AREA WITH THE OLD ONE
c

42

4
C IF DLD AREA > NEW COMPUTED ONE, INC.

AGNEWS ( IGXsCX®#s2/CG)1220.333333
IF(ACNEW.CT .AC) GO TO S000

€ ENTERED DIMENSIONS

2006
136
3

L}

s$003

5002

L 1]

2007
137
(1]

2008
138
7

a7

$004

2009
139
a9

[13

soos

37

CYSCYeCYINCR

G0 TO 61

AGEAGNEW

cYsaG/Cx
CY=CYINCRSIFIX(CY/CYINCR*O.008)
IF(CY.LE.MINDIM) GO TO SO
GO TO &1

CYSMINDIM

IF(TOUT.NE.t) GO TO 61 .
IF(TMODE.EQ.1) GO TO 2008
Go TO 13%

WRITE(7,300)

WRITE(S,300)

AGsCX*CY

6o 10 so0

AGHNEWSIGX/ (CCoCYse2)
IF(AGNEW.CT.AG) €0 TO $001
CXeCX4CXINCR

co 7O &3

AG=AGNEW

Cx=AG/CY

CASCXINCRS IFIX(CX/CKINCR*O.998)
IP(CX.LE.MINDIM) GO YO 62
GO0 10 63

CXuMINDIM

IF(TOUT . HE. 1) GD TO 63
IF(TMODE .EQ. 1} GO YO 2006
6o TO 136

WRITE(7,301)

WRITE(S, 301)

AGeCXeCY

Go YO so

IF(TSHAPE.£0.3) GO YO 47
A1sRsIGX/CG

AGNEWESQORT (A1)
IP(AGNEW.CT.AG) GO TO S002
IF(EX.CT.CY) GO TO $003
EX=CX+CXINCR

GO YO &S

CYsCYSCYINCR

CXsCY*R
CXSCXINCRO[FIXR(CX/CXINCR4O. 988}
GO TO €7

AGEACNEW

AZ=AGER

CX=SORT (A2}
CXECXINCRSIFIXK(CX/CXINCR*O. 999}
IF(CX.LE.MINDIM) GO TO 64
€0 TO &8

CX=MINDIM

IF(TOUT.NE. 1} GO TO 6§
IF(TMODE.EQ.1) GO TO 2007
Go YO 137

WRITE(T,301)

WRITE(S,301)

cY=CX/R
CYSCYINCR*IFIXICY/CYINCRO.009)
IF(CY.LE.MINDIM}) GO TO 66
G0 YO &7

CYSMINDIM

IF(TOUT.NE. 1) GO TO &7
IF(TMODE .£Q.1) GO YO 2008
G0 YO 138

WRITE(7,300)

WRITE(S,300)

AGsCXeCY

co 0 so

AGI® (PRIMESICK}/ (4. 2€CC)
AGHNEWSSORT(AG1)
IF(AGNEW.GT .AG) GO TO S00&
CX=CX+CXINCR

G0 TO &9

AGEAGNEW

Alsq.sAGC/PRIME

CX=SORT(A)

CXaCXINCRS [FIX(CX/CXINCR*O.099)
IF(CX.LE.MINDIM) GO TO 68
GO YO €%

CX=MINDIM

IF(TOUT.NE. 1} GO TO &9
IF(TMODE .£0.1} GO TO 200%
GO0 TO t39

WRITE(7,30t)

WRITE(S,301)

CyeCXx

AGs (PRIMEsCXes2) /4.

G0 TO 8o

IF(TBEND . EC. 1) GO YO 81
GO YO &2

AGCNEWE IGX/(CGeCYse2)
IF(AGNEW.CT.AG) GO TD $00S
CXeCX+CXINCR

G0 10 73

AGCsSAGNEW

£Xxsac/cyY
CXBCXINCR*IFIX(CX/CXINCR$O.93889)
IF(CX.LE . MINDIM) GO YO 87
co 10 73

CXsMINDIM

IF(TOUT . NE. 1) GO YO 73

DIMENSION W.R.T.

e

[
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2401 lF(THﬂDI.!O.‘) G0 YO 2010
26402 G0 TO 140
2403 2010 WRITE(T,301)
2404 180 'll'l(l.lo')
L g0 10 73 R

82 A1mRsIGX/CG
l‘llﬂ!lﬁl?(l‘)
lF(lBllW.GT.AB) Go To So0os
IF(CX.GT.CY) G0 TO 8007
cX=CX+CXINCR

2811 go 10 71

2412 s007 cYsCY+CYINCR
cxsCYSR
CIICIIHCIGIPII(CIICIIICIOO.I!!)
6o T0 73

5008 AGEAGNEW
AZSRsAG
CX=SORT(AZ)
CIICIXIGI.IF!I(CI/C!INCIOO.IDO)
l'(Cl.Ll.HllOlN) Go to 70
g0 70 71

70 CXSMINDIM
l'(TO“T.H!.‘) o 10 T
l'(TNODl.IO.i) Go TO0 2011
G0 1O 141

2041 WRITE(T,301)

1481 WRITE(S,301)

kAl cy=CX/R
CYICVIUCI'lFlK(CV/CVlICIOO.I.Di
lF(CY.Ll.Nl“DlM) G0 T0 72
Go 10 73

12 CYSMIND IM
lF(TﬂUT.I!.\) co Yo 73
IF(THOD!.IO.l) G0 TO 2012
G0 YO 142

2012 WRITE(T,300)

182 WRITE(S, 300)

73 AG=CX*CY

[ 14 TMODAS=O
ASsPMINSAG
l'(TDUT.I!.l) Go 1O 3008
I'(TSNAPE.!Q.Q) Go TD 2380
l’(TIODE.lO.l) GO TO 2014
GO TO 184

2014 WRITE(7, 803) cx,cY

144 WRITELS, 403) cx.cY
G0 TO 3008

2880 lF(THDDE.!Q.i) WRITE(7,2881%) cx

2881 FORMAT(’ ¢, *NEW TRIAL CONCRETE DIM. :'/ll.'bllﬂ!?!l =,
L Fl.l.ll.'lﬂlﬂﬂ’/)
ﬂllTl(‘.!ll‘) cx

c
¢t BACK TO SUBROUTINE REINFY AND REITERATE THE STEPS

c
3008 TSLENISD
RETURN

4
C DETERMINE THE GOVERNING ECCENTRICITY, COMPUTE END MOMENT MUX AND
4 Hlﬁll'ltlflnl FACTOR DELTAX FOR LONG COLUMNS
c
40 !F(Al'(ﬂlz).L!.o.l) G0 1O 1§
PuMX1/MX2
Go Yo 20
18 g=1.0
20 lF(TCDD!.lQ.l) co YO 18
!"IHVIO..OO.OSlCV
go 10 17
18 l'(TVP!.!Q.\) co YO 18
re0.06sCY
&0 To ¢
18 fuo. 18CY
" lﬂlnv.lnhl‘(?,lﬂil)
7 IVIAIS(NI?)IPU
I'(IV.LI,!HIIV) o T0 819
Go 10 S
810 EYREMINY
lF(TCﬂDI.!Q.‘) “UilI(PU‘EV)/|°°°°°°.
lF(T:ﬂD!.IQ.ﬂ) MUII!(PU!IV)/‘ZOOO.
!F(Tﬂﬂﬁl.lﬁ.i) GO TO §80
¢o TO S8
$80 Wl!?!(?,"l) MUXX
1 WRITE(S,5612) Muxx
s nuxspuUseyY
:nu-o.too.s-.
IF(C"K.LT.O.Q) cMX=0 . &
D!LTIIICNKI(I.-PU/(PNIV‘PC!))
¢ 1F DELTAX 15 LESS THAN 1.0, 1T wouLD §E DEFAULTS T0 1.9
lF(DlLTlX.Ll.‘.O) DELTAX=1.0
Go TO $13

c
C DETERMINE THE GOVERNING ECCERTRICITY AND COMPUTE END MOMENT MUX
€ POR SHORT COLUMNS
14 1F (TOUT . NE. 1) G0 TO 3007
l'(TlDD!.!Q.l) G0 TO 2018
60 7O 148
2018 WRITE(7,203)
148 WRITE(S,203)
3007 DELTAX=1.0
Go T0 §O
13 l'(?tbﬂ!.(ﬁ.l) Go TO SO
IﬂllVlO.lO0.0l‘CV

Go 10 §1

%0 IF(TV'!.IO.I) G0 TO §$2
re0.08sCY
g0 7O 83

2 . Y

$3 EMIN MAX 1 (F EMIN)

81 IVIAIS(HIZ)/'U
l'(!V.LI.lﬂlIVl GO TO E14
co T0 S18

s1a EYSEMINY
nuxspUsEY

IF(TCDD!.IQ.I) uuxx-uux/|ooocoo.
IF(TCDDI,IQ.Z) MUXXsMUX/12000.
l'(TIOD!.IO.!) &0 TO $82
G0 70 S§3

82 WRITE(7,812) MUXX

883 WRITE(S, 812) Muxx

s18 NUXsPUSEY

13 lF(DlLTAl‘Ll.1.0°|) &0 YO 620
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WRITE(S,K 204 )DELTAX
IF(TMODE .EQ.1) WRITE(7,6208)DELTAX

OMPUTE MAGNIFIED MOMENT THAT APPLIED MOMENT

© MCNsSDELTAKSMUX
EYsMCX/PU
MMINXEPUSEMINY
MAPPXEMEX

ETURN TO MAIN ROUTINE AND CONTINUE EXECUTION

TELENIS Y
RETURN

ssscsFORMAT STATEMENTSssscs

1 FORMAT(’ °,SX, THIS 1S A LONG UNBRACED FRAME. MORE INPUT®,
*/6X, ‘PARAMETERS WILL OE REQUIRED YO COMPUTE /68X,
* *MOMENT MAGNIFIER ABOUT X-AXIS ONLV°'/)

2 FPORMAT(’ °,SX, 'SLENDERNESS EFFECT MUST BE CONSIDERED'/SX,
s °BY MAGNIFYING MOMENT ABOUT X-AXIS°/)

3 PORMAT(’ *,SX, SLENDERNESS EFFECT MAY BE WEGLECTED'/)

O FORMAT(® * ,SK,’THE CROSS SECTION OF COLUMN IS TOO SMALL’,
/86X, 70 PROVIDE STABILITY /)

1 FORMAT(® *,8X, COLUMN DIMENSIONS ARE CONSTANT AND THE'/SX,
e ‘SECTION 1S NOY ADEQUATE TO PROVIDE SYABILITY'/)

3 FORMAT(’ ’,°NEW TRIAL CONCRETE DIM. : ‘/8X,°Ck =’ ,FE.1, X,
2o LN/MM 8K, °CY =° FE. 1, 1K, IR/ MM /)

© FORMAT(® °,SBK,*MINIMUM DIMENSION CY IS USED‘/)

t PORMAT(® *,BK, MINIMUM DIMENSION CX IS USED°/)

2 FORMAT(® * S, 'MINIMUM ECCENTRICITY ABOUT K-AXIS GOVERNS®,
s /6X, DESICHN MOMENT ABOUT X-ANIS & *,F8.0/6X,°‘IN PROJECY’,
. uUNIT /)

4 FORMAT(® * SX, MAGNIFICATION FACTOR FOR MOMENT ABOUT®,
¢ ° N-AKIS ‘' ,FE.2/)

S PORMAT(® * *COMMENTS :°//° °, 8K, ‘MAGNIFICATION FACTYOR’, .
s ¢ FOR MOMENT ASOUT X-AXIS =°,F8.2/)

1 PORMAT(’ °,8X,°SUM OF CRITICAL LOAD IS LESS THAN'/8X,
® "SUM OF NOMINAL AXIAL LOAD’/)

B SEICESRS SNSRI TAESSRUTSSSETUSEINITASEIUREEERERERESETRRET
. .
SUSROUTINE CAPAC1H

. [
*THIS SUBROUTINE INVESYTIGATES STRENGTN CAPACITY 1IN .
«COMPRESSION CONTROLS REGIONS ( PWX > PBX ) ' .
. [

[

IMPLICIT REAL{AH, I ,XK-M,P R .S W-V), INTEGER(T, J N 8)

COMMON PG,ESMAX TYPE TREINF,TSLENT TBEND, TSLENZ, TADEQ, TPROS
COMMON TCODE ,WC,ES,DCC,.DSS,CXINCR, CYINCR,TI, TK, TBS(8),08(9),
s FO,FL,ECU,PMAX, PMIN, SB1 EMIN, PHIV RFAC, OSMIN, SSMIN, SSHAX,
s TOMAX,SMAN,J,PRIME MINODIM,TESTOI LATDS(20) ,MINLAT, TEBMAKX
COMMON FPC,FY, FSY, EC,B),  TXBRAC KX, LUK, TYSRAC KY, LUY, SPU,
s SPC,PD,PL,PU,MXT MKXZ,BOX MY I MY2, 80Y,TOUT, TMODE

COMMON TSHAPE CX, CY,R,TDESIG, TRFACE, N8BS  NMAX

COMMON TDIMFG,AG,AS,CG,$8,DP AST,NX, NY SBX SBY,DS,
s Y(12),ISEX,X(12),ISEY, TMODAS ,PGDES ,EY ,MCX,
* MAPPK,PUDESX MUDESK,PSX

COMMON EX,MCY,MAPPY,PUDESY , MUDESY ,PSY MOYREQ MOXREQ,
e YC,Y8 ,ECS(12) ,ETS(12),C8(12),FT(12),
e XC,XB,ECSY(12) ,EYSY(12),CSY(12),FTY(12)

COMMON TESTMO

COMMON MLC,JPCE,TREVIS,TDSSS ,SPACE ,PITCN, NSPACR

DIMENSION A(9)

IF{(TOUT .NE.1) GO TO 4&00OC

IF{TMODE.EQ.1) WRITE{(7,300)

wRITE(S,300)
O PORMAT(’ °, CAPACITY CMECK FOR SENDINGC ABOUT X-AXIS : */)
00 1F(TRFACE.£0.2) GO YO 10

OMPUTE STRENGTN CAPACITIES WITH SARS IN LATERAL FACES OR
% BOTYH FACES OR IN CIRCULAR CORE

CALL CaPAl2
G0 YO 1

OMPUTE STRENGTH CAPACITIES WITH BARS IN END FACES ONLY

CALL CAPA1Y
IF(TOUT.NE. 1) RETURN
PUDXSPUDESK/ 1000,
MPENEPBX/1000.
IF(TCODE.EQ.1) GO TO 1990
MUDXSMUDESX/12000.
GO YO t991

80 MUDXESMUDESX/1000000.

$1 WRITE(S,200) YC,VYB, PUDX,MUDX, MPRX
IF(TMODE . EQ.1) WRITE(7,200)1YC,YB,PUDX, MUDX MPEX
RETURN

© “FORMAT(’ *,2X,°LOCATION OF NEUTRAL AXIS // X-AXIS= °,
a FE.1,1K, IN/MM*/3X, "NEUTRAL AX!S AT BALANCED CONDITION= °,
“F8.1,1X, " IN/MM* /33X, ‘DESIGN AXIAL‘,
= * LOAD WITH ONLY X-AXIS BENDINGe ° ,F§.0, 1K, KIPS/KN‘/3X,

¢« ‘DESIGN MOMEMT ABOUT X-AXIS ONLYS * F8.0, 1K, °'KIP-FT/KN-M‘/3X,

s ‘LOAD AT BALANCED STRAIN CONDITIONE °,F8.0, 11X, ' KIPS/KN‘/}

S AN SSEEUSESERETEES TR AN ARCERIE TSRS EERSSRESTISRESSRENRSRERART
. .
SUBROUTINE CAPAl}

= ».
*THIS SUBROUTINE COMPUTES LOCATION OF NEUTRAL AXIS AND L
=DESIGCN STRENGTH AT COMPRESSION CONTROL REGION AND AT »
SBALANCED CONDITIONS FOR BARS DISTRIBUYED 1IN END FACES ONLY .
. .

=

B2 EEEE SIS SN EENERES TSNS ICEINEELTISNNSNICEERNIFESRESENENSEES

IMPLICIT REAL(A-H,I KM P R, § W-Y), INTEGER(T, J,N,S)

COMMON PG, ESMAX, TYPE,  TREINF TSLENT,TBEND, TSLEN2, K TADEQ, TPROS
COMMON TCDDE ,WC,ES,.DCC,DSS,CXINCR, CYINCR,TI, TK, TBS(9),08(9),
s FO,FL,ECU,PMAX PMIN, SBI EMIN,PHIV RFAC ,DSMIN,SSMIN,6 SSMAK,
® TBMAX,SMAX , J,PRIME MINDIM, TESTD] ,LATDS (20} MINLAT, TBMAXX

126



R

2748

2780

2789
27¢0

COMMON FPC.FY, PSY EC,B1, TRBRAC, KX, LUX, TYBRAC,KY, LUY, SPU,
L SPC,PD.'L.P".”I!,MK:.IDI.HV|.NVZ.IDV.TOUT,TNDDE
COMMON TSHAPE CX,CY R, TOESIG,TRFACE, NBS K NMAX

COMMON TOIMFG, AG,AS,CC,S8,0P AST, NK, NY SBX S8Y,DS,

s ¥Y(12),1SEX, X(12),1SEY, TMODAS ,PGDES ,EY MCX,

* MAPPX,PUDESX MUDESK, POX

COMMON EX,MCY ,MAPPY ,PUDESY ,MUDESY ,PBY MOYREQ MOXREQ,
¢« YC,¥9,ECE(12) ,ETS(12),C5(12),FT(12),

s XC.N8, ECSY(12) ETSY(12),CSY(12),FTY(12}

COMMON TESTMO

COMMON NLC,JPOB,TREVIS,TOSSS ,SPACE ,PITCH NSPACR
DIMENSION A(S)

c
psCY-DP
c
€ COMPUTE COMPRSSSION PORCE 1IN STEEL
¢ .
CS$50.50ASTs (FY-0.88¢FPC)
[
C USING MALFING INTERVAL TECHNNIOUE TO FIND LOCATION OF NEUTRAL
€ AXts
c
YLe(ECUSD )/ (RCU*ESMAX )
YYsCY/81
10 vCe(YLeYUL/2.
c

C COMPUTE PORCE IN TENSION REINPORCEMENT AND COMPRESSION FORCE
€ IN CONCRETE

[ 4
PYT80.5sASTsECUESes ((D-YC)/YC)
CC=0.88sFPCoB 1YLl
yYsyu-vi -
IF(TCODE .E0. 1) DIFFERSS
IP(TYCODE.£0.2) DIFFERSO.2
IFCABS (YY) LT . BDIFFER) &O TO 19

$(YC,PTT,CS8,.CC,0,CY EV,8P 81}

IF(PFUN) 12,109,178
12 yysvC

Ge Y0 10

14 vYiLsYC
60 YO ‘o

LA IP(BYeYC.CT.P) &GO YO 20
&0 vO 20

3
C THE EFFECT OF DISPLACED CONCRETE IS INCLUDED

20 PFTYTeFTT¢0, $¢ASTH0 88 FPC
21 PHNKSCCeCSS-FTT
MNASFTTS(D-0.50CY)¢CE5(0.E#CY-DP)+CCr(0.88CY-0.85eB1eVYC)

PUDESKSPHIVEPNX
MUDESKSPNIVSMNX

Y88 (BCUSD ) /(FY/BS*ECY)
PEXEPHIVSO . BSAFPCo (BIsYRsCX-0.SsAST)
RETURN

END

REAL FUNCTION FI1(YC FYY, CS$S,CC,D,.CY, EY, OP 81)
TAKING MOMENTS OF THE INTERMAL FORCES ABOUT APPLIED AXIAL LOAD

AND WRITING AN EQUATION IN TERME OF FUNCTION OF UNKNOWN NEUTRAL
AXIS

nNnNAnN NN

FIISPYTS({D+(O.SsCY-EY))¢CSS2(0 . S*CY-EY-OP)4CCe (0. .52CY-EY
. ~0.5s81sYC)

ARETURN

tno

s
SUBROUTINE CAPALI2

. s
STHIS SUBROUTINE COMPUTES LOCATION OF MEUTRAL AXIS AND L
“DESICN STRENGTM AT THE COMPRESSION CONTROL REGION AND .
¢AT BALANCED CONDITION FOR SARS OISTRISUTED !N LATERAL .
ePACES OR IN BOTM FACES OR IN CIRCULAR CORE s
(] L]
.

eI FSIEISESEAISCOENS SR NSNS NEITIERSREEIEASRITSRSTEERIECIESES

anNNNNNn NN

IMPLICIT REAL(A-W,! K-M P R, 8 W-V) INTEGER(T, J N, $)

COMMON PG,ESMAK, TYPE, TREINF  TELENT,TREND, TSLEN2, TADEQ, TPROS
COMMON TCODE,WC,ES ,DCC,DSS , CXINCR, CYINCR,TI,TK, TBS(8) D8(D),
L PD.FL.!CU.'“I!.'NIN.SI'.INI“.PN!V.lFlC,DSNlN.!!Nl“.ISNAl.
e TOMAN,SMAX,J,PRIME, MINDIM,TESTDL LATDS(20) , MINLAT, TOMAXX
COMMON FPC.FY,FSY EC, 81, TXBRAC,KX,LUX, TYBRAC KY,LUY, SPU,
v SPC.PO,.PL,PU MXT MX2,BDX, MY1 MY2,80Y, TOUT, TMODE

COMMON TSHAPE CX,CY R, TDESIG, TRFACE, KBS , NMAX

COMMON TDIMFG AC,AS,CG,58,0P AST WX, NRY, SOX, S8Y,0S,

® Y(12),1SEX X{12) ISEY, TMODAS ,PGDES €Y, MCX,

® MAPPX,PUDESK, MUDESX,PSX

COMMON EX, MCY , MAPPY, PUDESY MUDESY , PBY MOYREQ MOXREC,

* YC,YB,ECS(12) ,E¥S(12),C8(12),FT(12),

s XC,NB,ECSY(12),BTSY(12),CSY (12} ,PFYY(12)

COMMON TESTMO

COMMON NLC,JPOB,TREVIS,TOSSS SPACE PITCH,NSPACR

DIMENSION A(D)

oscY-DP
DETERMINE SALANCED AXIAL LOAD SY DIRECT APPLICATION OF STATICS

ann 0

YOS (ECU*D)/(RCUCESMAK)
ASsB1°YS

C DETERMINE CONTROL PARAMETERS [N COUNTER DO LOOP
c

G0 TO (10,11,12,13),TRFACE
10 TLEIFIR((NMAX-1.)/4.90.81)

GO YO 14

12 TLELFIX((2.5M8K-1.)/4.40.81)
G0 TO 14

13 TLOIFIX((NMAK-4.)/8.90.81)

c
C OETERMINE STRAINS AT TNE VARIOUS BARS AND EVALUATE THEM
C WHETHER THEY YIELD OR NOY
14
4 0O 18 Nisi1,TL
ECS(NIIs((YR-0.65CY+Y(NI))=ECU)/YE
IF(ABS(ECS(NI )} .GT.ESMAX)} GO TOD 80O

127



128

GO TO B9

80 ECS(N1)2(ESMAKZECS(NI)}/ABS(ECS (NI}

[ 3 ETS(NI)a((Y(NI}+40O .S2CY-YBISESMAX)/(D-YB}
IF(ABS(ETS(M])) . GT . ESMAK) GO TO 32
G0 TO 1§

82 ETS(NI ) (ESMAXSETS(N]))I/ABSIETS(NI))

1$ CONTINUE

CHECK WHETHER SECTION HAVING EXTREME COMPRESSION BARS AND EXKTREME
TENSIOK BARS AND CENTER BARS OR NOT WHAVING THEM

nnon

GO TO (18,11,17,18) ,TRFACE
18 NOBNMAX/2
NQOEND/2

FOR BARS IN LATERAL FACES, CONSIDERING NO EXTREME BARS [N
COMPRESSION AND IN TENSION

noon

ECSR=0.
ETSL=0.
GO YO t®

1”7 NOsNX
NOO=NO /2
G0 YO0 20

18 NOSNMAX/2
NOG=NO/2
IF(ND/2.-N00.LE.O.0001) GO TO 20
G0 YO 21

20 ECSRa((YB-DP)IsECU)/VE
IF(ASS (ECSR) .CT.ESMAX) GO TO 83
GO 7O 84

83 ECSR= (ESMAX=ECSR ) /ABS (ECSR)

[ 1) ETSLESMAX
GG TO 19

21 ECER=0.

N ETEL®O.

114 IFCTRFACE . €Q.8) GO TO 22
1F(ND/2.-40D.LE . 0.0001) GO TO 23

22 ESCa((Y8-0.80CY)sECUI/YS
IF(ABS(ESC) .CT . ESMAK) GO TO &6

GO TO 24
[ 1] ESCa(ESMAX*ESC)/ABS (ESC)

-2803 GO YO 24
2804 23 ESCs=0.
280§ c
2806 C CALCULATE FORCES 1N SECTION AT SALANCED CONDITION
2807 €
2808 24 GO YO (2%.11,28,27), TRFACE
2309 c
2810 C BASED ON ECSRsO AND ETSLsO
2881t c
2812 28 CSReO.

FTL=O,

GO YD 28

c
€ COMPUTE FORCES IN EXTREME COMPRESSION AND IN EXTREME TENSION
c

28 CERm(HYSPRIMESDD(JIve2s (ESLECSR-O.882PPC) ) /4.
FILE(NYCPRIME=OD(J)ve23ESETSL)/S.

c
€ COMPUTE FORCES IN CONCRETE AND I[N CENTER BARS
c

28 CCO.85oFPCsAB2CX

1F(ESC.LE.O.) GO TO 29
CSCx(2.5PRIMESOD(J)ss2¢ (ESSESC-0.88FPC) ) /4.

G0 Y0 30
2827 29 €SC=0.
2828 G0 TO 30
2829 c
2830 C DETERMINE AREA OF SEGMENT FOR A CIRCULAR REINFORCENENT PATTERN
2831 c
2832 27 RRs0 . .SeCY
2832 1F(AS.LE.RR) GO TO 3t
2834 PPeABS-RR
GO TO 32

n PPEAR-AS
32 OSRRes2-PPee?
Q0sSQRT (Q)
[ 4 /RR
RFADSARCOS (PR}
IF(AB.GT .RR) GO TO &6
G0 YO 87
a8 RFEADSPRIME-RFAD
[ X4 AREA= (CYs*2% (RFAD-SIN(RFAD)ISCOS(RFAD)I)/&.
- CCe0.88sFPCSAREA
IF(ECSR.LE.O.) GO TO 13
CSA (PRIMESDB(J)se2s (ESSECSR-0.86FPC) ) /4.
FYLS(PRIME=DB(J)es2sESSETSL) /.
GO TO 34
33 Cskeo.
FTLEO.
34 CSCe(2.5PRIMESDB(J)os2s (ES*ESC-0. . 852FPC) 1 /0.

c
C COMPUTE PORCES WITH SARS 1IN VARIOUS COMPRESSION AND TENSION S1DE
c

30 CESUM=O .
FISUM=O .,
DO 3% Nisi, TL
CS(NI)S(2.%PRIMESOB(J)ea2s (ESsECS(NTI)-0.88sFPC)) /A,
CSSUMECSEUMSCS (NI}
FT(NI)®(2.*PRIMESOB(JI2x2sES=ETE(NI) ) /.
, FYSUMSFTSUMSFT(NI)
3% CONTINUE

€
C CHECK TO SEE ALL FY(NI) AND FTL ARE ACTUALLY A TENSION, THAY IS
C WHETHER EFFECT OF THE DISPLACED CONCRETE FYP IS INCLUDED OR NOT
€

NIt

38 FYPR((TL-NITe1. )82 sPRIMECDB(J)®o2:0.882FPC) /4.
IF(NITI.GT.TL) GO TO 37
IF(FT(NII).LT.0.) GO TO 37
NIIsNIlet
-G0 TO 38

37 JIF(EYL.GE.0.) GO TO 38
IF(TRFACE.EQ.4) GO YO 3%
FILEFTL*(NYSPRIMESDB(J)*e250 8SsFPC) /4.
GO YO 38

39 FTLEFTL+(PRIMELDB(J)IS52¢0 B5eFPC) /0.

3s PEXEPHIVE (CCICSROGCSCHCESUM-FTL-FTSUM-FTP)
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€ COMPUTE DESICN STRENGTM AT COMPRESSSION CONTROL REGION.
€ APPLICATION MORE OR LESS IS SAME AS ABOVE.
C USTING HALFING INTERVAL TECHNIOUE TO FIND LOCATION OF NEUTRAL
C Aaxis .
c
yL=vYS
YusCY/B 1
40 vYCs(vYLeYU} /2.
YyvavYu-vL

IF(TCODE .EO. 1) DIFFERSS
IF(YCODE.EQ.2) DIFFERSO.2

1 S(YY)} LY.DIFFER) GO TO 4t
=vC

AC
[
€ COMPUTE STRAINS IN THE STEEL
[

00 82 wis1,VL
ECS(NIIZS((VC-0.6sCYPY(NI))sECU)/YC -
IF(ABS(ECS(N])).CT .ESMAX} GO TO 88
0 7O 8¢
a8 ECS(NL e (ESMAXSECS (NI ) )/ABS (ECSINL))
(1] EYS(NEIe((Y(NI}eO. SeCY-VYT)sECU)/YC
IF(ABS(ETE(NL)) . .CY. . RSMAX) GG TO 90
G0 TO 42 *
20 ETS(NI IS (RSMAKSETS (NI ) )/ABS(ETS(NI))
42 convinue

[ 4
€ CHNECK ECSR AND ETSL AND ESC EQUAL TO ZIERO OR NOY
c

GO TO (43,11,44,48), TRFACE

a8 IF(NDO/2.+-%00.LE.0.000t) GO TO 44
G0 YO &8

a8 CECSRE ((YC-DP)IsECU)/YC
IF(AGSI{ECSR) . CT.ESMAX) GO TO 919
GO0 Yo 82

L ECSRn (ESMAKSECSR ) /ABS (ECSR )

2 ETSL=((D-YC)*ECU)/VC
JIF(ABS(ETSL) .CT . ESMAX) &0 YO #3

€0 Yo 43

3 ETSLe (ESMAXCETSL ) /ASS(ETSL)
GO Yo &3

L1 ECSRhs=O.
ETSLeO.

43 IF(YRPACE.£0.4) GO TO &7
IF(NO0/2.-800.LE.0.0001) GO YO a8

L3 ESCE((YC-0.8eCY)nECU)/YC
IF(ABS(RSC) .CT . ESMAX) GO TD e
GO YO as

4 ESCs (ESMAXSESC) /ABS (ESC)
GO TO as

L1 &SCso0.

[
€ CALCULAYE FORCES 1IN SECTION
[4

49 GO TO (80,11,81,82),YRFACE

$0 CSRka0.
FTLeO.
G0 YO $3

st CESR=E(NYSPRIMESDB(JIns2s (ESSECSR-0.8CE°FPC) ) /4.
FTLe(NYSPRIMESDB(J)ss2sESCETSL) /4.

3 CCs0.48sFPCeALCX

c
€ COMPUTE POINT OF APPLICATION FOR CC
c

YECCaLY/2.-0.8%AC
IP{(ESC.LE.O.) GO TD S4&
T CSCe{(2.9PRIMECDN(J)I*e2s (ES+ESC-0.85sFPC) )} /4,
G0 TO S8
se csCes0 .
GO YO S§§
82 IF(AC.LE.ARR)} GO TO S6
PPSAC-RR
G0 TO 87
s PPSRR-AC
7 QsARss2-PPes2 .
QOSSORT(O}
PREPP/RR
RFADSARCOS(PR)
IF(AC.GT.RR) GO TO 8§
GO YO s8
" RFADEPRIME-RFAD
8 AREA= (CYS92¢ (RFAD-SIN(RFAD)=COS{RFAD)}) /4.
SEGCE(CYse3In (SIN(RFAD) )03} /12,

[
€ COMPUTE POINT OF APPLICATION FOR CC 1IN CIRCULAR BARS PATTERN
4

YCCeSEC/AREA
€Cs0 . 88aFPCrAREA
IF(ECSR.LE.O.) GO TO S8
CESRS(PRIMESOB(J)es2s(ESSETSR-0.283FPC) ) /8.
FILE(PRIMESDB(JI®S2¢ESSETSL) /.
G0 TO S
L 1) CShso,
FTLeO.
9 CSCa(2 . oPRIMECDB(JI*e29 (ESPESC-0.88¢¢PC) ) /4,
ss 90 0 wWis1,TL
CES(NI)n(2 . *PRIMESDB(J)Ies2=(ESSECS(N])-0.88FPC) /A,
PT(NII(2 . sPRIMESDB(J)ss2sES*ETS (NI} /A,
[ 1] coONTINVE

c
C CHECK TO SEE ALL FY(NI) AND FTL ARE ACTUALLY A TENSION
c

Nim

81 IF(FYTIND).GT.0.} GO TO 82
FY(NIISPT(NI)¢(2.¢PRIMECDB(JISE2s0.88FPC) /4.
NisNie
IF(NI.LE.TL) GO TO 61

62 IF(PFTL.CGE.O.) GO TO 63
IF({TRFACE.EQ.4A) GO TO
FYLEFTL¢(NYSPRIMESDB(J)sx220 8SsFPC) /4.
GO TO 83

(1] FTILEFTLO(PRIMESDB(J)Iss230 852FPC) /A,

3 FUNSF12(PT.CS,Y FTL.CY,DP EY TL,CSR,CSC,CC,YCC)
IF(FUN) 88,481,868 .

(1] YusvyC
&0 10 40

[ 1] YisvC
G0 T0 40

4 FTYSUME=O .,
CSSuUMsO.




3001
3002
3003
3004
3006
3006
3007
30038
3009
3010
3011
3012
3013
3014
3018
3016
3017
30138
3018
3020
3021
3022
3022
3024
3028
J028
3027
3028
3029
3030
3031

3032
3023
3034
303§
3036
3037
30338
3039
3040
3041

3042
3043
3osa
3045
3048
3087
3048
3048
3060
3081

3062
3063
3054
3JO55
JOBE
3087
3068
3059
3080
3061

3062
3062
3084
3065
3086

3067
3068
3089

3070
3071

3072
3073
3074
3078
3076
3077
3078
3079
3080
3081

Jos2
3033
3034
3048
3038
3087
Joass
3088
3080
3091

3092
3093
3094
3095
Joss
3087
3Joes
3088
3100
3101

3102
3103
3104
3108
3108
3107
3108
3109
3110
3111
3112
3113
3114
3118
3118
3117
3118
3119
3120

130

00 87 NI=1, TL
FTSUMBFTSUMSFT(NI)
CSSUMECESUM+LS (N])

L CONTINUE
PHXSCER¢*CSSUMSCSC+CC-FTL-FTSUM
FTSUM1s0 .

CSUMI=0 .

DD 100 NJI=1,TL
FTSUMISFTSUMI+FT(NI)sY(NI)
CSUMIECSUMI+CS (NI )*Y (NI)

100 CONTINUE
MUX=FTLS (O . B*CY-DP)+CSRs (O .B2CY-DP)+CC2YCC+FTSUMI+CSUMI
PUDESX=PHIVEPNX
MUDESXEPHIVEMNX

11 RETURN
END

c
c
FUNCTION F12(FT,CS.Y,FTL,CY, DP EY, TL,CSR,C8C,LCC,YELC)
c
€ TAKING MOMENTS OF THE INTERNAL FORCES ABOUT APPLIED AXIAL *
€ LOAD AND WRITING AN EQUATION IN TERMS OF FUNCTION OF UNKNOWN
€ NEUTRAL AXIS
t .
IMPLICIT REAL{A-M,I,K-M,P R, S ,W-Y), INTEGER(T,J N,S)
DIMENSION FT(12),C8(12),Y(12)
FTSUMEO .,
CSUMSO .

IF{TL.LE.O) GO YO 100

DO 1O NI=1,TL

FTSUMSFTEUMSFT (N1 )S(Y(NI)+EY)

CSUMSCSUMSCS (NI )= (Y (N1)-EY)
10 CONTINUE
100 F12=FTSUMSCSUMSFTLS (0. 8sCY-DP+EY)+CSR* (0. 5sCY-DP-EY)-CSCaEY

. ~CCs(EY-YCC)

RETURN

END
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SUBRDUTINE ADEOU!

»
*THIS SUBRODUTINE ADEQUACY CMECKS OESIGN STRENGTH CAPACITY *
SWITH REQUIRED STRENGTH *
® »

=

ESSEETEITEASERENLESSERERNSLESSESESERERESRRESLSEEETRLTASELREER

ononNMNPn onNnn

IMPLICIT REAL(A-H, I K-M,P R,5 W-Y), INTEGER(T, J,N,3)

COMMON PG,ESMAX , TYPE,  TREINF,  TSLEN?, TBEND , TSLENZ, TADEQ, TPROB
COMMON TCODE ,WC,.ES,DCC,DSS,CXINCR,CYINCR,T]I 7K, TBS(9),08B(9),
* FD,FL,ECU,PMAX PMIN, SB1, EMIN,PHIV RFAC,DSMIN,SSMIN,SSMAX,
* TBMAX ,SMAX,J,PRIME MINDIM, TESTDI,LATDS(20) ,MINLAT, TBMAXYX
COMMON FPC FY,PSY EC,B1, TXBRAL ,KX,LUX, TYSBRAC XY, LUY,SPU,
s SPC,PD,PL,PU,MX1 MX2,BOX MY1 MY2, BDY, TOUT, TMODE

COMMON TSHAPE,CX,CY,R,TDESIG, TRFACE,NBS , NMAX

COMMON TDIMFG,AG,AS,CG,S8,0P AST,NX,NY,SBX,SBY,DS,
s Y(12),1SEX,X(12),ISEY, TMODAS ,PGDES  EY,MCX,
= MAPPX,PUDESX ,MUDESX, PBX

COMMON EX ,MCY,MAPPY PUDESY , MUDESY,PBY MOYREQ, MOXREQ,
= YC,YB,ECS(12),E8TS(12),£5(12),FT(12),
* XC,XB , ECSY(12) ,ETSY(12),CSY(12),FTY(12)

COMMON TESTMO

COMMON NLC,JPOB,TREVIS, TOSSS ,SPACE,PITCH, NSPACR

DIMENSION A(9)

DETERMINE WHETHER CAPACITY REDUCTION FACTOR NEEDS TD SE
MOD!IFIED

aonnn

POA=O . 1sFPC=AG
IF(PU.GE.PDA) GO TOD %O
PRXX=PBX/PHIV
PDASHEAMINI (PDA,PEBXX)

on

NEW PHIV VALUE
PHIVNESPHIVS((O.9-PHIV)s(PDASH-PU))/PDASH
IF(PHIVN. LT .PHIV) PHIVNSPHIV
PEBX=PBXX*PHIVN
PUDESXsPUDESXsPHIVN/PHIYV
MUDESXaMUDESXSPHIVN/PHIY
so IF(TOUT.NE. 1) GO TO 10
IF(TMODE .EQ.1) WRITE(7,400) -
WRITE(S,400)
400 FORMAT(‘ *,‘ADEQUACY CHECK FOR UNI-AXIAL BENDING : /)

4
C ADEQUALY CHECK DESIGN AXIAL LOAD
4

10 RATIOP=PUDESX/PU

MOREASRATIOP-1.0
1IF(PUDESX .GE.PU) GO TO 20

c
C SET TOLERANCE LIMIT OF 0.03 FOR COMPARING PROVIDED AXIAL
€ LOAD AND MOMENT WITH APPLIED AX1AL LOAD AND MOMENT
c
17 (MOREA+0.03.GE.O.) GO YD 20
IF(TDESIG.EC.1) GO TO 19
133 IF(TMODE.EQ.1) GO TC 2001
GD TO 131
200t WRITE(7,208)RATIOP
131 WRITE(S,208)RATIOP
1F(MOREA+O.03.GE.0.) GO TO 2880
IF({TMODE.EQ. 1) WRITE(T,2881)
WRITE(S,K2881)
2881 FORMAT(’ *,8X,‘ss SECTION IS NOT ADEQUATE FOR THIS',
® ° LOADING ==°/)

c
C PROCEED TO NEXY PROBLEM RESULTING FROM UNSATISFACTORY SECTION

2880 TADEO=1
RETURN

2 ] 1IF{TMODE .EQ. 1) GO TOD 2002
60 TO0 132

2002 IF(TOUT.NE.1) GO TO 132
WRITE(7,207) RATIDP

132 WRITE(8,207) RATIOP

€ GO TO SUBROUTINE MODIF1 TO INCREASE REINFORCEMENT
c
TADEOS=2

RETURN
20 IF{TDESIG.NE. 1) GO TO 133



[,

IF(TMODE . EQ. 1) GO TO 2008
GO TO 138

2008 WRITE(7,208) RATIOP

138 WRITE(S8,208) RATIOP

[
€ RETURN TO MAIN ROUTINE AND CONTINUE EXECUTION
c

TADEQ23
RETURN

sssFORMAT STATEMENTS==zs

ann

208 FORMAT(’ °,8X, 'FOR SECTION SELECTED THE AXIAL LOAD CAPACITY’,
* /GX,‘UNDER APPLIED MOMENT 1S°, .
= F7.3,° TIMES’/SX, THE APPLIED AXIAL LOAD'/)

208 FORMAT(’ °,6X, 'FOR SECTION ENTERED THE AXIAL LOAD CAPACITY',
s /8X, UNDER APPLIED MOMENT IS’ ,
®= F7.3,° TIMES /X, 'THE APPLIED AXNIAL LDAD'/)

207 FORMAT(‘ ’",.BX,°’FOR SECTION SELECTED THE AXIAL LOAD CAPACITY',
* /8X,’UNDER APPLIED MOMENT 15°,

* £7.3,’ TIMES'/8X, THE APPLIED AXIAL LOAD, AND 1S5 NOT’,
s * ACCEPTABLE, "’ +INCREASING REINFORCEMENT /)
END

SISSERNIEESFESEENENISESERSERNIEEURSESREENES RS RERTETFERRITCEEENTER

- *
SUBRDUTINE SLEND2

L

STHIS SUBRDUTINE CHECKS SLENOERNESS EFFECTS ABOUT Y-AXIS.

SAPPLICATION MORE OR LESS IS SIMILAR TO SLEND!? -
* "%
RIS NE SIS NS I E NSNS SRR S S ST SR ENSRES RS RUSSESREENERERRY

aanNnnNtnNnn nNnn

IMPLICIT REAL(A~M,I K~M,P ,R,S , W-Y) INTEGER(T ,J,N,S)

COMMON PG ESMAX, TYPE, TREINF, TSLENT, YBEND , TSLEN2, TADEQ, TPROB
COMMON TCODE ,WC,ES,DCC,DSS,CXINCR CYINCR,TI,TK,TBS(9) ,08(89),
s FD,FL, ECU,PMAX, PMIN,SB1 EMIN,PHIV RFAC,DEMIN,SSMIN, SSMAX,
® TEBMAX,SMAK,J,PRIME, MIRDIM, TESTDI,LATDS(20) ,MINLAYT, TBMAXX
COMMON FPC . FY, FSY, EC,.B1, TXBRAC KX ,LUX, TYBRAC,KY,LUY, SPU,
s SPC,PD,PL,PU, MXT MX2, BDX,MY1,MY2, BDY, TOUT, TMODE

COMMON TSMHAPE,CX,CY,R,TDESIG, TRFACE, NBS , NMAX

COMMON TDIMFG,AG.AS,CG,S8,DP AST NX, NY, SBX,SBY,DS,
* Y{(12),ISEX,X(12),1SEY, TMODAS , PGDES ,EY MCX,
s MAPPX K PUDESX MUDESX,PSX

COMMON EX ,MCY ,MAPPY , PUDESY MUDESY,PBY MOYREQ,MOXREQ,
s YC,YB,ECS(12) ,ETS(12),C8(12),FT(12),
* XC,XB,ECSY(12) ,ETBY(12),CSY(12),FTY(12)

COMMON TESTMO

COMMON NLC,JPOB, TREVIS,TDESS ,SPACE, PITCH,NSPACR

DIMENSION A(S)

IF{TOUT.NE.1) GD TO 1000
IF(TMODE . EQ. 1) WRITE(T7,300)
WRITE(S,300)
300 FORMAT(’ ‘,2X, CHECK SLEMDERNESS EFFECTS BENDING',
®= ° ABBUT Y-AX1IS°/1X,70(‘%’)/)
c
C COMPUTE MOMENT OF INERTIA OF CROSS-SECTION AND RADIUS OF
C GYRATION AND SLENDERNESS EFFECTS ABOUT Y-AXIS

c
3000 1Gvy=CGsaAGsCXw"2
RYT=IGY/AG
RYZSORT(RYT)
SYSKYSLUY/RY
IF{TYBRAC.EQ.1) GD TD 10
1IF(SY.LE.22.) GO TO 11
IF(SPU.LE.O.1 .AND.SPC.LE.O0.1) &GO TD 12
CMY=t . O

€
C COMPUTE MAGNIFICATION FACTOR DELTAY
€

DELTAYEEMY /(1. ~SPU/ (PHIVESPE))
IF(DELTAY . LE.1.0) DELTAY=1.0
60 TO 13

it DELTAYs1.0
G0 TO so

c
€ PROCEED TO NMEXY PROSBLEM RESULTING FROM INCOMPLETE INPUT PARAMETERS
14

12 TSLEN2E2
IF(TMODE .EQ.1) &GO TD 2001
GD YO 131

2001 WRITE(7,201)

131 WRITE(s,201)
RETURMN

10 IF(ABS(MY2).LE.O.) GO TO B10
MY 128A8S (MY 1/MY2)
GO TO 819

810 MY12e1.0

811 IF(SY.LT.38.-12.sMY12) GO TO 14
IF(TOUT.NE. 1) GO TO 3001
IP(TMODE .EQ.1) GO TO 2002
GO TO 132

2002 WRITE(7,202)

132 WRITE(S8,202)

€
€ COMPUTE E1 VALUE AND CRITICAL LOAD
c

3001 ll'-(O.I'IC.lGYOISlli!V)/(|.°IDV)
PCYS(PRIMES=23EIY)/(KYSLUY)*=2

[ 3

C DETERMINE GDVERING ECCENTRICITY AND REQUIRED END MOMENT MUY
€ POR LONG COLUMNS

[

IF(ABS(MY2).LE.0.1) GD TO 1§
BEMY 1 /MY2
GO0 70 20

18 8=1.0

20 IF(TCODE .EQ.1) GO TO 18
EMINK=O.8+0.03%CX
GD To 17

18 IF(TYPE.EQ.1) GO TO 18
Fe0.08sCX
G0 TO 18

18 Fe0. 12X

9 EMINXSAMAX T (F EMIN)

17 EX=ABNS (MY2) /PU
IP(EX.LE.EMINX) GO TO 500
GO TD SOt

500 EXBEMINX

131



132

3241 IF(TCODE.EQ.1) MUYY=(PUXEX)/ 1000000,
3242 IF(TCODE.EQ.2) MUYYR(PUSEX) /12000,
3242 IF(TMODE . EQ. 1) GO TO kSO

3242 GO0 TOD 581

3243 $60 WRITE(7,8502) MUYY

3246 §81 WRITE(S8,502) MUYY

3247 $01 MUYSPUSEX

3248 CMY=0 540 . 438

3249 IF(CMY . LT.O. CMY=0 . &
3280 DELTAYSCMY/(1.-PU/(PHIVePCY))
3251 IF(DELTAY.LE. 1.0} DELTAY=).O
3282 GO0 YO S04
3283 14 IF(TOUY.NE. 1) GO TO 3007
3284 IF(TMODE .EQ.1) &GO TO 2003
3258 G0 TO 133
3286 2003 WRITE(7,203)
3287 133 WRITE(S,K203) B
3252 3007 DELTAYS1.0
3259 Go TO sO
3280 €C DETERMINE GODVERNING ECCENTRICITY AND REQUIRED END MOMENT
3261 C FOR SHORT COLUMNS
3262 c
3283 13 IF(TCODE.EQ.1) GO TD SO
3284 EMINXZO, §+40.03=CX
3288 GO TO 81
3266 50 IF(TYPE . EQ.1) GO TOD §2
3287 Fxo.08sCX
3268 GO TO ©3
3289 52 Fs0.13CX
3270 $3 EMINK=AMAX1(F,EMIN)
3z 61 EX=ABS (MY2)/PU :
3272 IF(EX.LE.EMINX) GO TD 505
3272 GO TO0 S0%
3274 808 EXsEMINX
3278 MUYsPUSEX
3276 IF(TCODE.EQ.1) MUYYSMUY/1000000.
3277 IF({TCODE.EQ.2) MUYYaMUY/12000.
3278 IF({TMODE.E¥Q.1) GD TO $32
3279 GO YD SB53
3280 §82 WRITE(7,602) MUYY
3281 563 WRITE(S,802) MUYY
.3282 S$08 MUYsPU=EX
3283 $04 IF(DELTAY.LE.1.001') GO TO 820
3284 WRITE(S,204)DELTAY
3288 1F(TMODE .EQ.1) WRITE(7,204)DELTAY
3286 C COMPUTE MAGNIFIED MOMENT THAT IS APPLIED MOMENT
3287 8§20 MCYm=DELTAY=MUY
3288 EX=mMCY/PU
3288 MMINYSPUSEMINX
3280 MAPPYEMCY
3291 c
3292 € RETURN YO MAIN RODUTINE AND CONTINUE EXECUTON

c

TSLEN2s=
RETURN

sxsxxxFORMAT STATEMENTSsz=xx

non

201 FORMAT(* ‘,BX,"THIS IS A LONG UNBRACED FRAME. MDRE INPUT’,
*/6X, PARAMETERS WILL BE REQUIRED TU COMPUTE’/6X,
®= ‘MOMENT MAGNIFIER ABOUT Y-AXIS ONLY‘/)

202 FORMAT(’ ‘,8X, 'SLENDERNESS EFFECT MUST BE CONSIDERED'/&X,
* ‘BY MAGNIFYING MOMENT ABOUT Y-AXIS'/)

203 FORMAT(‘ *,BX,’SLENDERNESS EFFECT MAY BE NEGLECTED'/)

$02 FORMAT(‘ *,BX, 'MINIMUM ECCENTRICITY ABOUT Y-AXIS GOVERNS ',
* /88X, 'DESIGN MOMENT ABOUT Y-AXIS = *,F8.0/6X,’'IN PROJECT',
=’ UNIT*/)

204 FORMAT(’ *,SX, MAGNIFICATION FACTOR FOR MOMENT ABOUT‘,
* ° Y-AXIS =’ ,F5.2/)

c
END
< .
C 25 asts st eI E SN Er IR NN C AR SRR SR RN NSRS R RN NREEBERNERES
c = =z
SUBROUTINE CAPAC2
c = =
C =THIS SUBROUTINE INVESTIGATES STRENGTH CAPACITY ABOUT Y-AXIS b4
C =IN COMPRESSION CONTROLS REGIONS ( PNY > PBY ) AND AT BALANCED =
C <CONDITION WITH BARS DISTRIBUTED IN LATERAL FACES OR 1IN *
C SEND FACES OR IN BOTH FACES OR IN CIRCULAR CORE *
€ =APPLICATION MORE DR LESS IS SIMILAR TO CAPAC!Y =
c = ]
L S22 3228 358N 2S245SEREREERREESISRURIRUNRESENTSEEESERRRNRNRERRERS
4
IMPLICIT REAL(A-H,] K-M,P R, S W-Y) INTEGER(T, J N.,S$)
COMMON PG,ESMAX, TYPE, TREINF , TSLEN1, TBEND, TSLEN2, TADEQ, TPROB
COMMON TCODE ,WC,ES,DCC,DSS,CXINCR,CYINCR,TI, TK,TBS(2) ,DB(9),
* FD,FL,ECU,PMAX,PMIN,SB1,EMIN,PHIV RFAC,DSMIN,SSMIN,SSMAX,
* TEMAX, SMAX,J,PRIME MINDIM,TESTD],LATDS(20) MINLAT, TBMAXX
COMMON FPC, FY,FSY, EC,B1, TXBRAC KX, LUX, TYBRAC .KY,LUY,SPU,
®= SPC,PD,PL,PU MX1,MX2,BDX, MY1 ,MY2,BDY,TOUT, TMODE
COMMON TSHAPE,CX,CY,R,TOESIG, TRFACE, NBS , NMAX
COMMON TDIMFG,AG,AS,CG,SB,DP ,AST,NX,NY, SBX,$8BY,DS,
* Y(12),ISEX,X(12),ISEY, TMODAS,PGOES ,EY, MCX,
® MAPPX , PUDESX, MUDESX, PBX
COMMON EX,MCY MAPPY PUDESY,MUDESY,PBY MOYREQ,MOXREQ,
* YC,YS ECS(12),ET8(12),C8(12),FT(12),
= XC,X8,ECSY(12) ETSY(12),C8Y(12),FTY(12)
COMMON TESTMO
COMMON NLC,JPOB,TREVIS, TDSSS ,SPACE,PITCH, NSPACR
DIMENSION A(S)
t -

IP(TYDUT.NE.1) GO TO 4000
JIF(TMODE.EQ.1) WRITE(7,300)
WRITE(8,300)
300 FORMAT(‘ ’,2X,'CAPACITY CHECK FOR BENDING ASOUT Y-AXIS’/t1X,
s 70(°%*)/)
4000 IF(TRFACE.EQ.1) GO TO 10

COMPUTE DESIGN STRENGTH WITH BARS IX END FACES OR IN BOTH FACES
OR IN CIRCULAR CORE

nnonn

CALL CAPA22
GO TO 11t

c
€ COMPUTE DESIGN STRENCTM WITH BARS IN LATERAL FACES
c

10 CALL CArA21

LA IF(TOUT.NE.1) RETURN
PUDY=PUDESY /1000,




e PSS

S ———

~

MPRYSPBY/1000.
IF(TCODE.EQ. 1} GO YO 1990
MUDYeMUDESY /12000 .
GO TO 1981t
1980 MUDYSMUDESY/ 1000000
1981 WRITE(S,200) XC,XB, PUDY . MUDY, MPBY
IF(TMODE.EQ. 1) WRITE(7,200)XC,XS8,PUDY, MUDY MPBY
RETURN
200 FORMAT(® °,2K,°LOCATION OF WEUTRAL AXIS // Y-axiss °,
. P8.3.1K, IN/MM°/3X, *NEUTRAL AXIS AT SALANCED CONDITIONE °,
oFS.3, 1N, IN/MM /3K, ‘DESIGN AXIAL‘,
. LOAD WITH ONLY Y-AXIS BENDINGs °,F8.0,1K, KIPS/KN’/3X,
« 'DESICN MOMENT ABOUT Y-AXIS ONLYs ‘ F8.0,1X, KIP-FT/KN-M'/3X,
o *LOAD AT BALANCED STRAIN CONDITIONE ° ,F8.0,1X, 'KIPS/KN'/)

RS S0 RINEEEERESENEINENETENISUSEIUNESEENTRTRIIRESEINNERETE

. -
SUBROUTINE CAPA21

.

sTHIS SUSROUTINE OETERMINES DESICH STRENGTH AT BALANCED

«CONDITION AND IN COMPRESSION REGION WITH BARS IN

SLATERAL FACES.

sAPPLICATION MORE OR LESS 1S SIMILAR TO CAPAI2

.

noNONANnN ot N

MPLICIY REAL(A-M, 1, KM ,P R ,S , WeV), INTEGER(TY J N, $)

comMonN ’G.ISNAI.‘VPE.YIIIIF.TSLIN|.TIIND.VSLINZ.TADGO.Y'IOO
commMon 'CDDI.Wt.l’.o‘:.ntt,ﬂlllcl.CVINCI.TI.TK.TIS(ID.D.(II.
Ld '..'L.!:U.Pﬂll.'llﬂ.'ll.INIH.PNIV.IPA:.BSHII.SSGII.’SHAI,
. '.Ill.INAI.J.PIINI.“!.DIM,YlS'Dl.LATDS(ZO'.NI“LAT,'INAKI
COMMON FPC,PY FSY EC,B1,7XS AC,KX,LUX, TYSRAC ,KY,LUY SPU,

. l’c,'..'t.'".ﬂll.Mll.lDl.ﬂVl."'2.'0'.?00'.1"00!

COMMON TSHAPE ,CX,CY, R, TOESIC,  TRFACE, HES , NMAX

COMMON TDIMFG,AG,AS,CG, S0, 0P, AST, NX HY SBX, SBY, DS,

¢ Y(12), 188X, ,X(12),1SEY,  YMODAS ,PGOES  EY MCX,

e MAPPX,PUDESX , MUDESK, PRX

COMMON EX . MCY ,MAPPY,PUDESY MUDESY,PBY MOYRED , MOXRED,

¢ YC,Y9,ECS(12) ,ETS(12).C8(12}.FT(12),

= XC, 8,ECSY(12) ,ETSY(12),CSY(12) FTY(12)

COMMON TESTYMO

ComMMOoN NLC, POS, TREVIS,TOSSS ,SPACE , PITCK, NSPACR

DIMENSION A(S)

o=CX-0F
COMPUTE COMPRESSION FORCE IN STEEL
CE850 . SeAST* (FY-0.880FPC)
USING MALPING INTERVAL TECHNIOUE TO FIND LOCATION OF MEUTRAL AXI1S

PN NNN O

AL (ECUSD)/ (ECUSESMAK)
XuU=CX/B1 .
10 XCm(XLeXU)/2.

C COMPUTE FORCES IN TENSION REINFORCEMENT AND COMPRESSION CONCRETE
€

FYTSO. . SsASTSsECUTESS ((D-XC}/XC)
CCrvO .88 FPCeBIsNCCY
KisXitoXL
IF(TCODE Q. 1) DIFFERsS
IF(TCODE.EQ.2) DIPFFER=O.2
IF(ABS(XX) .LT.DIFFER) GO TO 11
FUNSFZI(XC, FTT, CSS,CC,D,CX EX,DF B1)
IF(FUN) 12,178,148

2 XU=XC

&0 YO o0

14 XLsXC
6o 1o 10

" 1P{BIsXC.CT.0) GO YO 20
G0 7O 2%

-4
C EPPFECT OF DISPLACED CONCRETE IS INCLUDED
[

20 PYTEFTT¢0 . SsAST=0. 88 FPC
21 PUYSCC+CESS-FTY
Nl'l'?fl(D-O.SCCI)OCSS'(O.G'CI'DP)‘CC'(0.'ICI'°.I'l|llC)

PUDESYSPHIVEPNY

MUDESYSPHIVEMNY
[
€ COMPUYTE SALANCED AKIAL LOAD
c

ECU®D )/ (FY/ESSECY)
BYSPHIVSO.8SsFPCa (B19XBECY-0 BeAST)

RETURN

eno
c
c

REAL FUNCTION F21(XC,PTYT,CSS,CC,0.CX,.EX, DP,B1)
c
€ TAKING MOMENT OF INTERNAL FORCES ASOUT APPLIED AXIAL LOAD
C AND WRITING AN EQUATION IN TERM OF FUNCTION OF UNKNOWN
€ MEUTRAL AKXIS
€

F21eFTT(D-(0.63CX-EX))*CESs (O . SsCA-EX-DP)+CCH (0 . SsCX-EX

. «0.82B19XC)

RETURN

eno
[
c ..‘-..-‘...-.'.-.-'.....“........““...-...-‘.“‘..-.I..‘.l'.‘
¢ .

SUBROUTINE CAPA22
[ 4 - -
C STHIS SUBROUTINE DETERMINES DESIGN STRENGTH AT SALANCED .
€ *CONDITION AND IN COMPRESSION CONTROL REGION WITH BARS =
€ +DISTRIBUTED IN END FACES OR IN SOTH FACES OR IN CIRCULAR CORE.~
C SAPPLICATON MORE OR LESS IS SIMILAR TO Carail2 .
[ 4 =
c Il...l-.‘...‘..‘-...ll....‘.‘l'll.ll.l.l""l‘lt.l‘l‘l!ll.)llll'
c

IMPLICIY REAL(A-H,] K-M P ,R,S ,W-Y), INTEGER(T, J N,$}

COMMON PG,ESMAX,TYPE TREINF,TSLEN? TOEND, TSLEN2,TADEQ, TPROS
COMMON TCODE ,WC,ES,DCC,DSS,CXINCR, CYINCR, T, TK, TBS(9),08(8]),
. 'D,FL,!CU.PNAI.’N!N.S.!.!MIN,’NIV,lFAC,DSMlN,SSMIN.SSMAl.
L] YINAX.SHAI.J,PllHE,MlNBIM.T!SVDI,LATDS(ZO),MINLAT,TINAKK
COMMON FPC FY, FSY EC,B1, TABRAC KX, LUX, TYBRALC ,KY LUY, SPU,

133



134

s SPC,POD PL,PU, MXY MX2Z, BDX MY MY2 SOY, TOUT, TMODE
COMMON TSHAPE , CX,CY R, TDESIG, TREACE NES 6 NMAX
COMMON TDIMFG AG,AS,.CC,SB.DP AST NX MY, SBX,S8Y,DS,

« Y{12), ISEX X(12),ISEY, TMODAS ,PGDES ,EY MCX,

s MAPPX PUDESX MUDESK,PSX
COMMON EX ,MCY MAPPY, PUDESY MUDESY PBY MOYREOQ MOXREQ,

= YC, YR, ECS(12),EYS(12),C8(12),FT(12),

* XC,XB,ECSY(12) ,EYSY(12),C8Y(12),FTY(12)

COMMON TESTMO
COMMON NLC,JPOBR,TREVIS,TOSSS . SPACE . PITCH, NSPACR
DIMENSION A(S)

osCx-oP
COMPUTE BALANCED AXIAL LOAD BY USING DIRECT APPLICATION OF STATICS

noo o

(ECUD )/ (ECUTESMAX)
B1=X8

c
C COMPUTE CONTROL PARAMETERS IN COUNTER DO LOOP
c

G0 TO (10,11,12,13), TRFACE
" TLEIFIX((NMAX-1.)/4.+40.8))
60 TO 14
12 TLsIPIX{(2.5NY-1.)/8.¢0.81)
IF(TL.LE.O) GO YO 1
GO TO t4
13 TLSIFIX((NMAX-3.)/4.20.8%)

c
C COMPUTE STRAINS AT VARIDUS SARS AND CNECK WHETHER THEY YIELD
€ OR NOT
c
AL 00 18 Nisi,TL
ECSY(NI)e((XB-O.SsCReX(NI)IsECUI /XS
IF(ABS(ECSY(N1)) .GV .ESMAX) GO TO 8O
G0 TO &9
80 ECSY(N1)u (ESMANSECSY(N]I))/ABS(ECEY(N]))
8 EYSY(NIIE((K(NI)*0 . GeCA-NBISESMAX)}/(D-XB)}
IF(ABS(ETSY(NI)) . GT . ESMAX} GO TO 82
GO YO 1§
2 ETSY(NI = (ESMAXSETSY (NI} )/ABS(ETSY(NT))
18 CONTINVE

c
C CHECK WHETHER MAVING EXTREME COMPRESSION SARS ANO EXTREME TENSION
C BARS AND CENTER BARS OR NOT HAVING THEM
4
1 GO TO (10,18,17,18),TRFACE
18 NOEBNMAX /2
NOO=ND/2

c
C CONSIDERING N0 EXTREME COMPRESSION AND TENSION BARS 1IN END FACES
c

ECSR=0.
ETSLeO,
GO YO @

(3} noswy
NoO=NO/2
G0 YO 20

1 NORNMAX/2¢1
NDO=NO/2

20 ECSR=((XB-DP)ISECU) /XS
IF(ABS(ECSR) .GT.ESMAX) GD TO 83
GO TO 86

83 ECSR= (ESMAXSECSR ) /ABS (ECSR)

e ETSLsESMAX
1F(ND.EQ.0) GO YO 23

1 1F(N0/2.-N0O.LE.0.0001) GO TO 23 R
ESCE((X8-0.SsCX)SECU) /XS
IF(ABS(ESC) .CT . ESMAX) GO TO 8%
GO0 TO 24

a8 ESCE (ESMAXSESC) /ASS (ESC)
Go To 24

23 ESC=0.

c
€ CALCULATYE FORCES 1IN SECTION
14
24 GO 7O (10,2%5,26,27) ,YRFACE
c
€ BASED ON ECSR=0 AND E£T7SLs=0O
c

28 CSR=O .

FTiso.

CCuO . 88sFPCsABSCY

G0 TO0 30
28 CERS(NXSPRIME*DB(J)*s2s (ES*ECSR-O0.88sPPC}) /A,
{J)Iee2eESSETEL) /4,

CC=20.a8sFPCs cy
IF(TL.LE.O) GO TO 28
G0 T0 30

28 CESUM=O .
FTYSUM=O .
G0 10 2

c
C OETERMINE AREA OF SEGCMENT FOR A CIRCULAR REINFORCEMENT PATTERN
€

27 RR=0.$=CX
IF(AB.LE.RR) GO TO 31
PPEAB-RR
GO Y0 32
31 PPERR-AS
32 QsRRse2-PPes?
QO=SORT(Q)
PRaPP/RR
RFAD=ARCOS(PR)
IF(AB.GT.RR) GO TO 3¢
GO YO 87
(1] RFAD=PRIME-RFAD
L 2] AREA= (CX*s 28 (RFAD-SIN(RFAD)SCOS(RPAD) ) ) /4.
CCo0.88«FPCoAREA
CIR= (PRIMESOB(J)Iso2s (ESSECSR-O.88sFPCI /4.
FTLE(PRIMESDB(J)es25ESSETSL ) /4.

c
C COMPUTE FORCES IK VARIOUS BARS
4

-30 CSSUMEO.
FTISUMSO.
00 38 Nl=§,TL
CSY(NI)2(2 . sPRIMESDB(J) s 20 (ESCECSY(N])-0.88FPC)) /8.
CESUMSLSSUMICSY(NT)
FTIV(NII=®(2 sPRIMEOB(J)*s2sESSETSY(NI) ) /4.



puNEE

e

3700
3701
3702
3703
3704
3708
3708
3707
3708
3708
370
3TN
3712
3713
3714
3718
3716
3717
3718
3718
3720

29
<

FTSUMaFTSUMSFTY (NI}

CONTINUE

IF(ESC.LE.O.) GO YO 2%
CSCR(2.0PRIMESDB(JIs*29 (ES=ESC-0.85+FPC) ) /4,
Go to 21

€sCso.

€ CHECK WHETMER ALL FORCES 1IN TENS!ON REINFORCEMENT ARE ACTUALLY
C A TENSION OR NOT, THAT IS THE EFPECT OF THE DISPLACED CONCRETE
€ PTP IS INCLUDED OR NOT

[

37

IF(TL.LE.O) GO TO 4

Nils
FIPR((TL-NII¢1. )52 SPRIME*DB(J)=v220.86sFPC) /8.
IF(NII.GT.TL) CO TO 37

IF(FTY(NII).LT.0.) GG TO 37

HillasNiTe -

GG Y0 3¢

rIPsO.

IP(PTL.CE.O.) GO TO 38

IF(TRFACE.EQ.4) GO YO 39

FTLBFTLO (HXSPRIMESDB(J)e280.88FPC) /4.
GO0 T0 38
PTLSPYLS(PRIMESDB(J)=o200.880FPC) /0.
PEYSPHNIVE (CCOCSRICEC*CESUM-FTL-FTSUM-FTP)

[
C COMPUTE OESIGN STRENCTR IN COMPRESSION CONTROL REGION
c

C USING HALFING INTERVAL YECHMNIQUE TO FIND LOCATION OF MEUTRAL AXIS
[ 4

40

XisX8

RXusCx/81

NCm(XLeXU) /2.

KX=XU-XL

IF(TCO0R.EQ.1) OIFFERSE
IF(TCODE.2Q.2) OIFFERRO.2
IFCABS(XX) . LY . DIFFER) GO TO a1t

€
€ COMPUTE STRALINS AT VARIDUS BARS AND CNECK TMEY YIELD OR NOYT
[

IF(TL.LE.O) GO TO 3

00 42 wis=y,TL
RCEY(NTI)Im((XC-O.50CXoR(N]I))*ECU}/XC
IF(ABS(ECSY(NI)) . GY. . ESMAX) GO TO 88

GO0 YO as

CECEV(NI IS (ESMARSECSY (N1 ) )/ARS(ECSYINL))
ETSV(NI )= ((X(N])eO S2CX-XC)*RCU)}/REC
IF(ASS(ETSY(NI)) .GY . ESMAX) GO YO %O

GO YO0 a2

ETSY(HI )= (ESMAXSETSY (N1 ))/ABS(ETSY(N]I))
conNTiINUE

[
€ CHNECK ECSR AND ETSL AND ESC EQUAL TO IERO OR NOYV
€

60 TO (10,43,44,44), TRFACE
ECSR=((XC-DF IsECU) /XC

IF(ABS (ECSR) .CY. . ESMAX) GO TO 91
60 TQ 92

ECSRE (ESMAX=ECSR) /ASS (ECSR)
ETSLE((D-RC)*ECY)/XC
IP(ABS(EYSL) .CT.ESMAX) GO TO 83
€0 YO #a

EYSLE (ESMAKSETSL ) /ADS(ETSL)
EF(NOC.EC.0) GO TO 48
IF(NO/2.-MOD.LE.©.0001) GO TO 48
ESCe ((XC-0.80CX )sECU) /XC
IFCABS (ESC) .CT.ESMAX) GO TO 8§
Go YO as

ESCu (ESMANSESC) /ABS (E5C)

G0 TO a9

g8C=0.

[
€ CALCULATE FORCES !N SECTION
[

1]

€0 TO (10,80,81,82), TRFACE

[
C DASED ON ECSR20 AND ETSL=O
€

€sheo0.
Fiiso
CCe0.88"FPCrACsCY

[
€ COMPUTE POINT OF APPLICATION FOR CC
[ 4

XCCsCX/2.-0.8sAC

GO YO Ss
CERE(NXGPRIMESDB(J I 2e (ESSECSR-0.88sFPC) ) /A,
PTILE(NXSPRIMESOB(JIos2SESSETSL ) /4.
CCs0.88ePPCaACHCY

xCCsCX/2. -0, AC

IF(TL.LE.O) GO TO %3

GO0 TD S&

[ 3
C DETERMINE AREA OF SECMENT IN CIRCULAR REINFORCEMENT PATTERM
<

L 1]
87

28
[ 2]

IF(AC.LE.RR) GO YO S§&

PPsAC-RR

60 70 $7

PPERR-AC

OsRAevs2-PPra 2

QQO=SORY(Q)

PREPP/RR

RFAD=ARCOS (PR)

IFLAC.CT.RR} GO TO 98¢

G0 TO 87

RFADSPRIME-RFAD

AREA= (CX*s2e (RFAD-SIN(RFADISCOS(RFAD)) ) /4.
SEGE(CN»eIn (SIN(RFAD) Jee3)/12.

[
C COMPUTE POINT OF APPLICATION FOR CC
c

0

XCC=SEG/AREA
CCoO . 85 FPCAREA

LCSRE(PRIMESDB(J)oe2e (ESSECSR-C. 85 FPC) ) /4.

FTLs(PRIMESDB(J)ITe22ESIETSL) /A,

DO 80 Misi, TL .

CSY(MHI)n (2. sPRIMESOB(J)1s02s (ESEECSY(NI)-0.85sFPC) /4.
FIV(NIIR(2 sPRIMESDD(J)ew2ESCSETSY (NI ) /4.

CONTINUVE
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3721
3722
3723
3724
372%
3728
3727
3728
3729
3730
3731
3732
3733
3734
373%
3736
3737
3738
3739
3740
37414
3742
3743
3744
3748
3748
3747
3743
3749
3780
3781
3782
3783
3784

3822
3823

3826
3827
3823
3829
3330
3831
3832
3833
3834
Ja3s
3838
3837
3838
3838
3340

4

IF(ESC.LE.O.} GO TO &4
CSC=(2.5PRIMESDB(J)ss2s (ESSESC-0.88¢FPC) ) /4.
GO TO s

c€sceoO.

c
C CHECK TO SEE ALL FTY(NI} AND FTL ARE ACTUALLY A TENSION OR NOT
<

¢t
62

[ 1
L 1]
[ 3]

T
Al
]

aonNnon Nn

nonNnnnNn nNon

40
40

<

[

<

c

cu

c
1o

IFL(TL.LE.O) GO YO &2

Nist

IF(FYY(N]).GY . O.} GO TO 62
FTIV(NIIRFTY(N] I +(2.SPRIME=DB(J)2e220 8SFPC)/4.
NisNl+1

IF(NI . LE.TL) GO YO 61

IF(FTL.CE.O.) GO TO 63
IF(TRFACE.EQ.4) GO YO &4
FTILEFTLC(NRSPRIMESDB(J}es280.88FPC) /4.
GO0 to 63
FTLaFTL+(PRIMESDB(J)*3220 . 88FPC)/A.
IF(TL.LE.O) GO TO &

GO Y0 7

FIY(1)mO.

CSY{t)so.

PUNSF22(PTY CSY, X, FTL,CX, 0P, EX,TL,CBR,C8C,CC,XCC)
IF(FUN) 68,41,88

Xuexc

GO YO 40

xLexc

G0 YO 40

FYSUMSO .

CSSUM=O .

IF(TL.LE. O} CO TO 8

00 67 wisi,TL .
PTSUMSFTSUMSFTY (NI
CSSUMSCESUMSCSY (M1}

CONTINUE
PHYECSRECESUMSCECICC-PTL-FTSUM
FTISUMISO,

CSUMIs0.

IF(TL.LE.O) GO YO ¢ ~

DO 100 WiIs1, TL

PTISUMISFTY(NI)SXINL jeFTSUM]Y
CSUMIRCSUMISCEY (NI )oex(NI)

O CONTINUE
MNYSFTLR(O.SSCX~DP ) ¢CSRe (O . S¥CK-DP ) +CCoACCOFTEUMI +CSUNY
PUDESYEPHIVEPNY
MUDESYSPHIVEMNY
RETURN
END

FUNCTION F22(FYY_ CSY X, FTL CX,0P EX,TL,CSR,CSC,CC,XC0)

AKING MOMENT OF INMTERNAL FORCES ASOUT APPLIED AXIAL LOAD
N0 WRITING AN EQUATION IN TERMS OF FUNCTION OF UNKNOWN
EUTRAL AXLS

IMPLECIT REAL(A-W, I ,K-M P R, 8 W-Y), INTEGER(T, J K, ,8)
DIMERSION FTY(12),CSY(12),X(12)

FTSUMSO.

CSUmeo

IF(TL.LE.O) GO TO 100

00 10 Ni=1,TL

FISUMSPTSUMSFTY (NI)E(X(NI)*EX)
CSUMSCSUMSCSY(NT )= (X(N])-EX)

CONTIMNUE

@ F22¢FTSUMGCSUMCFTLS (O .53CX-DP+EX)+CSRe (0. . S2CX-DOP-EX)-CSCOEX

. ~CCs(EX-XCC)

RETURN

END

SN SN EEES USRI NENNRNENISESSUESOSENENNEESIEERINESEISUESSERRER
. ]
SUSROUTINE ADECQU2

. .
STHMIS SUBROUTINE CHECKS OESIGCN STRENGTH CAPACITY WITH THE -
SREOUIRED STYRENGTH IN BIAXIAL BENDING s
- .

.

IMPLICIT REAL(A-M,1,K-M,P R, $ . W-Y), INTEGER(T,J, %.8)

COMMON PG,ESMAK, TYPE, TREINF  TSLENI,TBEND,  YSLEN2, TADEQ, YPROS
COMMON TCODE ,WC,.ES,DCC,DSS , CXINCR, CYINCR,T],TK, TES(0),00¢(
* FD,FL, ECU,PMAX ,PMIN SBT EMIN,PHIY RFAC DSMIN,SSMIN, SSMAX,
* TEMAX,SMAX,J,PRIME MINOIM, TESTDI LATDS(20) MEINLAT, TEMAXX
COMMON FPC,.FY,FSY,EC,BY, TXBRAC, KX, LUX,  TYBRAC, KY,LUY SPU,
s SPC,PO,PL,PU, MXT MX2, 80K, ,MY1,MYZ, BOY,TOUT, THODE

COMMON TSHAPE,CX CY R TOESIG, TREACE,NOS, NMAX

COMMON TOIMFGC,AG,AS,CG,.S0,DP AST NX, KY S8X, S8Y,DS,
s ¥Y(12),ISEX,X(12),ISEY, TMODAS ,PGDES ,EY MCX,
® MAPPX, PUDESX MUDESX,PEX

COMMON E£X,MCY, MAPPY PUDESY MUDESY,PSY MOYREQ MOXREQ,
e YC,YB,ECS(12) ,ETS(12),CS(12),PT(I2),
* XC, X8 ,ECSY(12) ,EYSY(12),C8Y(12),FTY(12}

COMMON TESTMO

COMMON HLC, JPOS, TREVIS,TOSSS ,SPACE PITCH, NSPACR

DIMENSION A(S)

EQUIVALENCE (MOX MUDESX), (MOY MUDESY ), (MX , MAPPX ), (MY MAPPY)

IF(TOUT .NE. 1)} GO TO 4000
IP(TMODE .EQ.t) WRITE(7,400)
WRITE(S,400)
© FORMAT(‘ °,2K, ADEQUACY CHECK FOR BIAXIAL SENDING'/1IX,
= 70(°s°)/)
00 POASHE=O. 1sFPCsAC

ETERMINE WHETHER CHECKING DESIGN AXIAL LOAD OR DESIGN MOMENT

IF(PU.CE.PDASH) GO TO 10
GO 7O 11

SING BRESLER RECIPROCAL LOAD METHOD

POEPHIVE (O, 85sFPCx(AG-AST)¢FYSAST)
P10t . /PUDESK* Y, /PUDESY-1./PO

OMPUTE PROVIDED AXIAL LOAD
PUPROE=1./P10

RATPX=PUPROD/PU
MORECSRATPX-1.0

136
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IF(PUPRO.GE.PU) GO TO &S

c
C SET A TOLERANCE LIMIT OF ©.03 FOR COMPARING PROVIDED
€ AXIAL LOAD WITH APPLIED AXIAL LDAD
€
IF(MOREC+0.03.GE.0.) GO TO 8§
IF(TDESIG.EQ.1) GO TO 34
74 1P (TMODE.EQ.1) GO TO 2001
G0 TO 131
2001 WRITE(7,216)RATPX
131 WRITE(S,218)IRATPX
1F(MOREC+0.03.GE.0.) GO TD 2880
IF(TMODE.EQ.1) WRITE(7,2881)
WRITE(S, 2881)
2881 FORMAT(’ ’,BX,’ss SECTION IS NOT ADEQUATE FOR THIS',
® * LOADING ==°/)

c
C PROCEED TO NEXT PROBLEM RESULTING FROM UNSAYISFACTYORY SECTION

2880 TADEOQs®1
RETURN

34 IF(TMODE.EQ.1) GO TO 2002
GD TO 132

2002 IF(TOUT.NE.1) GO TO 132
WRITE(T7,218)RATPX

132 WRITE(S,218)RATPX

C GO TO SUBROUTINE MODIF1 TD INCREASE REINPORCEMENT
4

TADEO=2
RETURS
(1 IF(TDESIG.NE. 1) GO TO 78
IF(TMODE.EQ.1) GO TO 2016
GD TO 148
2018 WRITE(7,217) RATPX
188 WRITE(S3,217) RATPX
GO T 7O
[
C COMPUTE NEW CAPACITY REDUCTION FACTOR, PHIVN
11

,PBYY)

. PDASH)
PHIVNSPHIVS((O.9-PHIV)IS(PDAA~PY))/PBAA
IF(PHIVN.LT.PHIV) PHIVNSPHIV
MOXSMOXEPHIVN/PHIV

MOYEMOY=PHIVN/PHIY

MASMX*PHIVN/PHIY

MYSMYSPHIVN/PHIV

PNEPU/PHIVN

SMEMOX /MOY

[
C USING LOAD CONTOUR METHOD:PARME AND GOUWENS APPROACH

CCCaPPCsCXsCY
CSCesFYSsASY

CALCULATE 828, THE MINIMUM VALUE OF BB WHICH OCCURS AT
P=20.283CCC

IF(CBC/CCC.GE.0.8) GO TO 16
82820 .845+0.386%(0.5-CSC/CCC)*=2
&0 TO0 17
18 82820 .488+0.03s(CCC/CSC)
7 IF(PN/CCC.GE.0.28) GO TO 18
B8=826+(0.25-PN/CCC)*52(0.88-0.8*(CSC/CCC) )
&0 TO0 19 . -
18 S8s828+(0.2s(PN/CCL+-0.26)) /(0. 88+CSC/CCC)
c
C DETERMINE WHMICH PORTION OF THE BILINEAR INTERACTION
€ CURVE IS TD BE USED

c
C DETERMINE EOQUIVALENT REQUIRED UNIAXIAL MOMENT
€

Al MOXREQEMX+> (MYsBM)*((1.-DB)/88)
MOYREQEMY+ (MX/BM) = ( (1. y/88)

c
C USING EQN. Bl : A STRAIGHT-LINE APPROXIMATION TO THE LOAD CONTOUR
¢

IF(MY/MX.GE.1./BM) GO TD 20
BInMX/MOXREQ® (MY /MOYREQ)*((1.-88)/88)
IF(TCODE.EG.1) GD TO 1980
MOXRESMOXREQ/ 12000,
GO TOD 1991
MOXRESMOXREQ/ 1000000 .
IF(TMODE .EQ.1) GO TO 2017
G0 TO 147
IF(TOUT.NE.1) GO TO 147
WRITE(7,200) MOXRE
187 WRITE(S,200) MOXRE
G0 TO 21
20 BI=(MX/MOXREQ)=((1.-88)/8B8)+MY/MOYRECQ
IF(TCODE.EQ.1) GO YO 1962
MOYRESMOYREQ/ 12000,
GO TO 1993
1992 MOYRESMOYREQ/ 1000000 .
1993 IF(TMODE .EQ.1) &0 TO 2018
GO TO 148
2018 IF(TOUT.NE.1) GO TO 148
. WRITE(7,201) MOYRE
148 WRITE(S,201) MOYRE

C SET TOLERANCE LIMIT OF O0.03

21t IF(BI.LE.1.03) GO TO 22
IF(TDESIG.EO0.1) GO TD 23
IF(TMODE.EQ.1) GO TO 2020
GO TO ts0O

‘2020 WRITE(7,203)

1850 WRITE(S8,203)

4
C PROCEED TO MNEXT PROBLEM RESULTING FROM BI VALUE > 1.0
€ .

TADEQ= ¢
RETURN

23 IF(TMODE.EQ.1) GO TO 2021
&0 T0 161

2021 IF(TOUT.NE.1) GO TO 181
WRITE(7,208)

151 WRITE(S,204)
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<
C GO T0 SUBROUTINE MODIF1 TO INCREASE REINFORCEMENT
c

TADEQe2
RETURK

22 IF(TDESIG.NE. 1) GO TO 133
IF(TMODE .EQ.Y) GO YO 2022
GO TO 182

2022 WRITE(7,206)

182 WRITE(S, 208}
GO 70 70

133 JIF(TMODE .EOQ.1) WRITE(7,420)
WRITE(S,820)
TADEOQ=
RETURN

c
C RETURN TO MAIN ROUTINE AND CONTINUE EXECUTION
c

70 TADEQ=23
RETURN

CsSsFORMAT STATEMENTSSsss

nNon

200 FORMAY(° *,SX, ’EQUIVALENY REQUIRED MOMENT ASOUT X-AX1IS‘,
«/8X, ONLY =° ,F8.0,° 1IN PROJECTY UNITS'/)

201 FORMAT(® °,6X, EQUIVALENT REQUIRED MOMENT ASOUT YV-AXIS®,
o /SX,‘ONLY = F8.0,‘ IN PROJECT UNITS/)

203 FORMAT{® *,SX, ENTERED SECTION IS NOY ADEQUATE BASED ON°‘/SX,
s ‘MOMENT CAPACITIES /)

204 FORMAT(® *,BX, SELECTED SECTION IS NOT ADEQUATE BASED ON'/6X,
s *MOMENT CAPACITIES, INCREASING REINFORCEMENY ‘/)

208 PFORMAT(* °*,SX, SELECTED SECTION 1S ADEQUATE BASED ON‘/8X,
* ‘MOMENT CAPACIVIES /)

216 FORMAT(’ *,EX,°'FOR SECTION ENRTERED THE AXKIAL LOAD CAPACITY’,
o /8X,*UNDER APPLIED MOMENT 1S°,
® £7.3,° TIMES'/6X, THE APPLIED AXIAL LOAD'/)

216 FORMAT(® *,BX,’FOR SECTION SELECTED THE ANIAL LOAD CAPACITY",
s /8X, UNOER APPLIED MOMENT 8-,
s £7.3,° TIMES /GX,’THE APPLIED AXIAL LOAD, AND IS NOT',
s * ACCEPTABLE,*/8X,’ INCREASING REINFORCEMENT ‘/)

217 FPORMAT(’ * SX, *FOR SECTION SELECTED THE AXIAL LOAD CAPACITY’,
s /88X, UNDER APPLIED MOMENY IS°,
" F7.3,° TIMES /8X, THE APPLIED AXIAL LOAD’/)

420 FORMAT(* *,SX, ENTERED SECTION IS ADEQUAYE BASED ON‘/6X,
* "MOMENT CAPACITIES /)
END

S ENEENSEEEREEIENCASIRUOEEE TSP NINITNNCINERNETEIEUSSIREITRENITERS

SUBROUTINE MODIF) *
:VNIS SUBAOUTNE MODIFIES SECTIONS :
:--t-.-na--..a.a.t-t"‘c-.'ln.--..-c.-.---..-o--------c.---.---:

nonnNnNn nNnnNn

IMPLICIT REAL(A-H,1 K-M,P ,R,5,W-Y), INTEGER(T ,J,N, 8]

COMMON PG, ESMAK, TYPE, TREINF TSLENT, TBEND, TSLEN2,TADEQ, TPROS
COMMOX TCODE ,WC,.ES,DCC . DSS,CXINCR , CYINCR, T1,TK,TBS(9) DB(9),
® FO,FL,ECU,PMAX,PMIN, SB1 EMIN,PHIV RFAC, DSMIN,SSMIN, SSMAX,
" TEMAX,SMAX,J,PRIME MINDIM,  TESTD] , LATDS(20) ,MINLAT, TEMAXX
COMMON FPC, FY FSY EC,B1,TKBORAC , KK, LUX, TYSRAC , KY,LUY,SPU,
s SPC,PD,PL,.PU, MXI MX2Z,8DX,MY1 MY2,80Y,TOUT, THOOE

COMMON TSHAPE ,CX,CY, R, TOESIG, TRFACE , NBS , NMAK

COMMON TOIMFG,AG,AS,CGC,SB,0P AST NX, NY S8X ,S8Y,08,
® Y(12),ISEX,X(12),1SEY, TMODAS ,PGDES ,BY , MCX,
® MAPPX,PUDESX MUDESX, PBX

COMMON EX , MCY MAPPY ,PUDESY , MUDESY,PBY MOYREQ MOXREQ,
* YC,Y8,ECS(12) ETS(12),C8(12),FT(12),
s XC,X8,ECSY(12) ,ETSY(12),C8Y(12),FTY(12)

COMMON TESTMO

COMMON NLC,JPOB, TYREVIS TOSSS SPACE, PITCH, RSPACR

DIMENSION A(S)

ZOUIYVALENCE (MOX,MUOESX), (MOY MUDESY ), (MK, MAPPX), (MY MAPPY)

IF(TOUT . NE. 1) GO TO 13

IF(TMODE .EQ0.1) WRITE(7,800)

WRITE(S, 400}

FORMAT(’ *, ‘MODIFICATION INFORMAYION :°/)

CHECK REQUIRED TOTAL NO. OF BARS IS ENTERED OR NOT

3 IF(NBS .NE.O) GO YO 7

CHECK MAX. PERMISSISLE NO.. OF BARS 1S USED OR NOY
IF(NMAX .LY . TBMAX) GD TO &

INCREASE BAR S$]2E

AN OoNn onn

-

IPF(J.GE.TK! &GO TO 10
JeJjei

TMODAS=® |

G0 Y0 20

€
C INCREASE TOTAL NO. OF BARS USED
4

8 NMAXSNMAX+2 .
THMODAS=2
GO TO 20

14
€ CHECK INCREASING COLUMN DIMENSIONS 1S ALLOWED OR NOTY
4

te GO TO(14,16,16,17,18),TOIMFG
4 IF(TOUT.ME. 1) GO TO 130
IF(TMODE.£Q.1) &0 YO 2000
G0 TO 130
2000 WRITE(7,322)
130 WRITE(S,322)

c
€ PROCEED TO NEXT PROBLEM RESULTING FROM LIMITING CONSTRAINTS
4

TESTMOR2
RETURN

4
C BACK TO SUBROUTINE REINFI TO REITERATE TNE STEPS
c

20 TESTMOR |
RETURN

% CYeCYSCYINCR
G0 10 22



—

16 CXSCReCXINCR
Gco To 22

7 IF(CX.GE.CY) GO YO 3200
CReCXOCNINCR
cCYsCX/R
CYSCYIRCROIFIX(CY/CYINCR)
GO0 YO 3201%

3200 CY=CYCYINCR
CR=CY*R
CABCKINCR*IFIX(CX/CXINCR)

320t IF(TSHAPE.E0.3) GO TO ¢S
G0 YO 22

[ 1] AG= (PRIMESCNKz22) /4.
GO YO &6

18 IF(CX.GE.CY) GO YO 1§
CXsCXOCXINCR

22 AG=CXeCY

c
€ SET FLAG STATING THAT A NEW TRIAL STEEL SECTION IS SELECTED

[ 1] TMODAS=O .
ASEPMINSAC
JF(TOUY .NE. 1) GO TO 4002
IFP(TSHAPE .£0.3) GO TO 2880
JP(TMODE .E0. 1) GO TO 2002
€0 YO 132
2002 WRITE(?Y,203) CX,CV
132 WRITE(S,203) CX,CY
G0 70 4002
2880 IFITMODE.EQ.1) WRITYE(7, ,2881)CX
WRITE(S,2881)CX
2881 FORMAY(’ ‘ 6K, 'MODIFIED CONCRETE DIMENSION :‘/2X, DIAMETER s’
s FS.1,2%,°18 PROJECTY UNITS'/)

€
€ SACK YO SUBROUTINE REINFY TO REITERATE THE STEPS

[ 4
4002 TESTMEOs
RETURN

s e FORMAY STATEMENTSsss

203 PFORMAT(* ’,SK,°MODIFIED CONCRETE DIMENSION :°,

2K, “CXs °, L1,2K,°CY¥% ° PE.1,2X,°IN PROJECT UNITS'/)
322 FORMAT(’ °,8X, °DESIGN CANNOY OE COMPLETED'/$X,

s ‘CONSISTENT WITH ENTERED RESTRAINTYS /)

CESSNEEEEISUESEESERISSEEEREEENEESENESUBRSEIERIEERRORIIERERERS
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SUBROUTINE SPIRS?Y

.
STHIS SUBROUTINE CNECKS REINFORCEMENTY WITHN LAP SPLICES AND .
SSELECTS LATERAL REINFORCEMENT FOR SPIRAL COLUMN .
. .

.

SEEE RIS ESSEEENESNIEEISERUERETSERESENESESNNOEERRIBOURRBETTISIRES

AanNnRAnNn aAann N

IMPLICIY REAL(A-N, 1 . KM P R S ,W-Y), INTEGER(T, J N, 8)

COMMON PG, ESMAX, TYPE , YREINF TSLENT, TBEND, TSLEN2, TADED, TPROS
COMMON TCODE ,WC,ES,DCC,.0SS,CXINCR,CYINCR,TI, VK, TRS(S) ,08(9),
s PFO,FL, ECU,PMAX, PMIN, SB1 , EMIN,PHIV RFAC, OSMIN, SSMIN, SSMAX,
* TOMAX,SMAX ,J,PRIME MINDIM,TESTD] ,LATDS(20) ,MINLATY, TEMAXX
COMMON PPC,FY FSY EC,B1, TXORAC ,KX,LUK, TYSRAC ,KY,LUY, SPU,
s SPC.PD, PL,PU,MXT MX2,80X, MY MY2, B0Y, TOUT, TMODE

COMMON TSHAPE ,CX,CY . R, TOESIG, TRFACE, NBS , NMAX

COMMON YDIMFG,AG,AS,CC,SB.DP AST NX, NY SBX S8BY, DS,

e Y(12),18EX, X{(12),ISEY, TMOOAS ,PGDES ,EY ,MCX,

s MAPPX, PUDESK MUDESX,PEBX

COMMON EX . MCY,MAPPY  PUDESY ,MUDESY ,PBY MOYREQ,MOXREQ,

s YC,Y8,BCS1(12),ET$(12),CS(12),FT(12),

® XC,KB,EC3YVI12) ETSY(12),C8Y(12),FTY(12)}

COMMON TESTMO

COMMON NLC,JPOS,TREVIS TOSSS ,SPACE,.PITCH, NSPACR

DIMENSION A(S)

<
C CALCULATE CENTER-TO-CENTER SPACING OF SPIRAL BARS
4

IF(TOUT.NE. 1) GO TO 3001
IF(TMODE . EQ. 1) WRITE(T,300)
WRAITE(S,300)
G0 Y0 Joo!
300 PORMAT(’ *,*SELECT SPIRAL :°/)
3000 SMINEDES+SEMIN
SMAXaDSSeSEMAX
SIaSMAX - SMIN

[
C OETERMINE MIN. RATIO OF SPIRAL REINFORCEMENT, PSMIN
<€

oCeCX~-2.30CC
ACORE= (PRIME*DCex2) /4.
PEMINSO .48 (AG/ACORE-1 . ) (FPC/FSY)

c
€ COMPUTE MAX. SPACING, S
[

SIS (PRIMESDSES=2¢(DC-0S8)}/(DCre2ePSMIN)
IP(TCODE.EQ.1) GO TO 10
PITCH=AMINTI(S! $3)

€0 T0 1t

[
C DETERMINE ODISTANCE SETYWEEK TURNS OF SPIRALS
1

10 $380C/S .
PITCHSAMINTI(S1,52,83)
IF(TOUT . NE. 1} GO TO 11
IF{TMODE . E0.1) GO TO 2002
G0 YO 132
2002 WRITE(7,202)YDSSS, PIVCH
132 WRITE(2,202)TDSSS, PITCH
202 FPORMAT(® * 88X, °@° 12,1X,°, PITCH o’ FS8.1,2X,
= *IN PROJECY UNITS'/)

[
C DETERMINE WUMBER OF SPACERS NEEDED FOR SPIRALS
¢

7" IF(TCODE.EQ.1}) GO YO 12
CCx1520.
CCx2=30.
CCX3I=24.
CCX4s0.628
G0 YO 2000
12 CCX1=500.

139
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4201 CCX2s750.
4202 CCX3I=600 .
4203 CCXax12 .86
4204 2000 IF(DSS.LT.CCX4) GO TO 13
4208 IF(CX . LE.CCX3) GO YO 14
42086 17 NSPACRE=A
4207 GD TO 1§
4208 14 NSPACREJ
4209 G0 TO 1§
4210 13 IF(CX.LT.CCX1) GO TO 1€ :
4211 IF(CX.LT.CCX2) GO TO 14
4212 G0 TO 17
4213 18 NSPACR=2
4214 1 IF(TODUY.NE.1) RETURN
42185 IP(TMODE .EQ.1) GO TO 2001
42186 GO TOo 131
4217 2001 WRITE(7,201) NSPACR
4218 131 WRITE(8,201) NSPACR
4219 201 FORMAT(’ ‘,8X, NUMBER OF SPACERS REQUIRED= °,13)
4220 . RETURN
4221 c
4222 C DETERMINE WHETHER REINFORCEMENT CAN BE ACCOMMODATED WITH
4223 € LAP SPLICES OR NOT
4224 c
4228 3001 IF(TCODE.EO.1) GO TO 138
4226 BAR=DB (4)
4227 BARL=DS(7)
4228 GO YO 1386
4229 135 BAR=DB(3)
4230 BARL=DB(S)
4233 138 1F(DB(J).GE.BAR) GO TO 137
4232 A2E(SB1+0B(J})/(CX-3 20B(J)-2.2(DCC+DSS))
4233 NNSIFIX(180./ARSIN(A2)+0.51)
4234 A3= (SB1+DB(J))/(CX-DB(J)~-2.3(DCC*DSS))
4238 ASEDB(J)/(CX-DB(J)~2.%(DCC+DSS))
42386 NTSIPFIXN(180./(ARSIN(A3)I+ARSIN(AS))+0. .81}
4237 GO TDO 138
4238 137 A2%(2.58DB(J))/(CX-3.5DB(J)-2.9(DCC+DSS))
4238 NN=IFIX(180./ARSIN(A2)+v0.61)
4280 A3w(2.5+DB(J})/(CX-DB(J)-2.2(DCC+DSS))
4241 AS=DB(J)/(CX-DB(J)-2.5(DCCHOSS) )
48242 NT=IFIX(180./(ARSIN(AZ)+ARSIN(AL))+0.81)
4243 4
42448 € CHECK LAP SPLICES CAN BE USED OR NOT
4245 c .
4246 138 IF(DB(J).GT.BARL) GO TO 1B
4247 GO TO 148
4248 c
4248 C CHECK NORMAL LAP SPLICES
4250 <
4251 143 IF(NMAX . GT.NN) GO TO 143
4252 GO0 YO 3000
4253 181 IF(TMODE.EQ.1) WRITE(7,6182) BARL
4258 WRITE(S8,6152) BARL
42885 GO TC 3000
4258 143 IF(TMODE .£Q.1) WRITE(7,148)
42587 WRITE(8,145)
4288 G0 T0o 3000
42586 c
4280 C CHECK TANGENTIAL LAP SPLICES
c

148 IF(NMAX.GT.NT) GG TO 147
GO TO 141

147 I1F(TMODE.EQ.1) WRIYE(7,180)
WRITE(S8,6180)
G0 TO 3000

nn

186 FORMAT(’ *,5X, MORMAL LAP SPLICES CAN BE USED'/)
180 PFORMAT(’ * BEX, ' TAMGENTIAL LAP SPLICES CAN BE UsSED’ /)
182 FORMAT(’ *,8X, 'LAP SPLICES SHOULD NOT BE USED’,

+ ’ FOR DIAMETER'/6X, ‘SAR LARGER THAN',F9.4,1

= ‘IN PROJECT UNITS /)

END

SRS EASSENASEESNASRESAASESSREISEARESSEEEIET XSRS RARSAI AN
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SUBROUTINE TIES1
L -
*THIS SUBROUTINE SELECTS LATERAL REINFORCEMENT FOR TIED COLUMN =
= L]

EEESEEEE AN EISEESESLASESEL LA NSNS RFSESASST LRI AREXETTRESRT LRSS

nnonoo NnNo

IMPLICIT REAL(A-H,I,K-M,P R,S ,W-Y), INTEGER(T, J N,8$)

COMMON PG, ESMAX , TYPE, TREINF,TSLEN1,TBEND, TSLEN2, TADEQ, TPROB

COMMON TCODE,.WC,ES,DCC,DSS,CXINCR, CYINCR,T1,7TK,T8S(9),0B(9),
s FD,FL,ECU,PMAX,PMIN,SB1 EMIN, PHIV RFAC,DSMIN,SSMIN,SSMAX,
* TBMAX,SMAX,J,PRIME MINOIM, TESTDI,LATDS(20) ,MINLAT, TBMAXX
COMMON FPC,FY, FSY EC,B1,TXBRAC,XKX,LUX, TYBRAC ,KY,LUY, SPU, .
s SPC,PD,PL,PU,MX1,MX2,B0X MY1,MY2,8DY,TOUT, TMODE

COMMON TSHAPE ,CX,CY,R,TOESIG, TRFACE, K NBS, K NMAX

COMMON TDIMFG,AG,.AS,CG,58,0P AST, NX,NY SBX, SBY, DS,
* Y(12),ISEX,X(12),ISEY, K TMODAS ,PGDES ,EY MCX,

= MAPPX ,PUDESX MUDESX,PBX N

COMMON EX,MCY ,MAPPY ,PUDESY MUDESY,PBY MOYREOQ,MOXREQ,

* YC,YB,ECS(12),ETS(12),C8(12),FT(12),

« XC,XB,ECSY(12),ETSY(12),E8Y(12) ,FTY(12)

COMMON TESTMOD

COMMON NLC,JPOB,TREVIS, TDSSS,SPACE,PITCH, NSPACR

DIMENSION A(S)

c
€ SELECT COLUMN TIES SPACING REQUIREMENT PER SET: S
c

IF(TOUT.NE. 1) GO TO 3002
IF(TMODE .EQ.1) WRITE(T7, 304)
WRITE(S, 304)
GO0 TO 3002

3003 SD=16.3DB(J)
$S=48.DSS
SPACESAMINI(SD,S$S$,CX,CY)
IF(TOUT.NE. 1) GO TO 3000
IF{TMODE .£0.1} GO TO 3001
G0 TO 3100

3001 WRITE(7,208)7TDS88S,SPACE

3100 WRITE(8,206) TDSSS,SPACE

c
C DETERMINE THE LATERAL TIES REQUIRED FOR INTERIOR BARS !
€ AND ALL CORNER BARS

4
3000 GO TO(10,10,11,14), TRFACE



[

4321
4322
4323
4324
4328
432¢
4327
4328
4328
4330
4331
4332
4333
4334

4338
4337

10 IFISS . LE . SMAX) CO TG 13
1F(TOUY . NE. 1) CD TO 20
IF(THMODE . EQ. 1} GO TO 2000
GO0 TOo 130

2000 WRITE(7,200)

130 WRITE(8, 200}

G0 T0 20

13 IFILTOUTY NE. 1) GO TO 20
IF({TMODE .E0. 1) CO TO 2001
Go TO0 13

2001 WRITE(7,201)

131 WRITE(3,201)

20 IF(NMAX/2.GE.8) GO YO 132
GO TO 14

132 1F(TMODE.E0.1) CO TO 2002
60 Y0 133

2002 WRITE(7,6300)

133 WRITE(S,300)

GO TO 1a
¢
C POR SARS IN BOTH FACES
4

" IF(SEX.LE.SMAX) GO TO 18
IF(TOUT . NE. 1) GO TO 16
IF{TMODE .E0.1) £0 70 2003
G0 TO0 134

2003 WRITE(?,202)

134 WRITE(S,202)

GO TO 168

ts IF{TOUT .NE.1) GO TOD 6
IF{TMODE .£Q.1) GO YO 2004
GO TO 138

2004 WRITE(7,203)

138 WRITE(S,6203)

te IF(SBY . LE SMAX) GO YO 7
IF(TOUY . NE. 1) GO TO 21t
1F(TMODE .£E0. 1) GO TO 2005
GO TO 136

2008 WRITE(7, 204

136 WRITE(8,2048)

G0 YO 21

17 IF(TOUT . NE.1) GO TO 21
IFI{TMODE .EQ. 1) GO TO 2008
GO YO 137

20086 WRITE(7,208)

137 WRITE(S,208)

2 IF(NX.GE.&) GO TO 138
G0 TO 143

138 IF{TMODE.EO.1) GO TO 2007
60 YO 139

2007 WRITE17,301)

139 WRITEIS,301)

143 IF(NY.GE.2}) GD TO 140
G0 TO 14

140 IF(TMODE.EQ.1) GO TO 2008
G0 TO0 141

2008 WRITE(7,302)

141 WRITE(S8,302)

14 RETURN

4

C DEYERMINE WHETMHER REINFORCEMENT CAN BE ACCOMMOOATED WITH

C LAP SPLICES

4
3002 €O TO(145, 146 ,147,14), TRFACE

c
C COMPUTE NO. OF BARS PER FACE BDETWEEN SPLICES
[4

145 NFsNMAX/2
sasCyY
GO TO 188
146 NPsNMAX/2
s4=CX
GO TO 148
147 1F(NX.CT.NY) GO TO 170
NEzNY
sa=cCx
GO TO 148
170 NFENK
sascy
188 IF(TCODE.EQ.1) GO TO 149
SAR=DB( &) -
SARLSDS (T}
G0 tO 150
149 SAR=DB(3)
BARLEDS($)
180 [IF(DB(J).GE.DAR) GO TO 183

881582 s (DCCADSSHI*NFesDBUIJICINF-1. )58
Al2(1,.°0.5520 5)%0B(J)/(SB1+DB(J))

HNETAZARSIN(AL)
82s

GO YO 182

181 BB 122 5 (DCCODSS I +NFSDBIJICI(NF-1_ 10} S=0B(J)

1+41.38=08(J

8322 .(DCC+DSS)*(2 . =UF-1. )sDB(J)Ie(NF-1.)

4
€ CHECK LAP SPLICES CAN BE USED OR NOTY
13

182 1F(DB(J) GY.BARL) GO TO 185
GO YO 158

c
C CHECK PFOR NORMAL LAP SPLICES
14

158 1F(Ba.CT.82) €O TO 187
GO0 TO0 3003

188 IF(THMODE . EQ. 1) WRITE(T7,166)
WRITE(S,168) BARL
GO TO JoOo3

187 IF(TMODE .E0. 1) WRITE(7 160)
WRITE(S,160)
GO0 TO 3003

C
C CHECKX FOR TANGENTIAL LAP SPLICES
c

189 IF(84.GT7.83) GO TO 161
GO TO 1SS

161 1F(TMODE .€0. 1} WRITE(7,163}
WRITE(S 183}
Go TD J0o02

1¢(2 sSB1+¢2 *DB8(J)I*COS(HETA)-0.S862D8(J)~2 . 588
8322 .5{DCL*DSS )1+ (2 =*NF-1 I1sDB(Jiei(NF-1. )3S81

141
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[4 seeFORMAT STATEMENTSs =
[
200 FORMAY(' * §X, °TIES ARE REQUIRED ON INTERMEDIATE BARS ',
* * BECAUSE BAR SPACING' /6K, ‘EXCEEDS MAXIMUM CLEAR BAR',
s ' SPACING.°* /)
201 FORMAT (' * 8K, OMIT TIES ON INTERMEDIATE BARS B8ECAUSE BAR'
* /6X,'SPACING DOES NOT EXCEED MAXIMUM CLEAR BAR SPACING /)
202 FORMAY (' * SX,°TIES ARE REQUIRED ON INTERMEDIATE BARS [IN',

s ' XNFACE BECAUSE BAR'/6X, 'SPACING EXCEEDS MAXIMUM CLEAR",
= ° BAR SPACING.' /)
203 FORMAT(* ° §X,°OMIYT TIES ON INTERMEDIATE BARS IN XFACE',

*’ SECAUSE BAR'/8X, SPACING DOES NOT EXCEED MAXIMUM CLEAR BAR’,
s ‘ SPACING'/)

204 FORMAT(‘ * ,SX,6°‘TIES ARE REQUIRED ON INTERMEDIATE BARS IN',
* ' YFACE BECAUSE BAR'/6X,‘SPACING EXCEEDS MAXIMUM CLEAR‘,
s ° BAR SPACING.°/)

205 FORMAT(‘ ‘ SX, ‘OMIT TIES ON INTERMEDIATE BARS IN YFACE',
¢’ BECAUSE BAR’'/6X, SPACING DOES NOT EXCEED MAXIMUM CLEAR BAR°,
¢ 'SPACING°/)

208 FORMAT(® * SK,°#°,12,1X,°@® * F6.1,2X," "IN PROJECT UNITS',

s ° SPACING'/)

300 FORMAT(’ °,.8X, 'LATERAL TIES REQUIRED FOR INTERIOR BARS ",
* /8X,'IN ALTERNATE FaCE’/)

301 FORMAT(* * ,$X, 'LATERAL TIES REQUIRED FOR INTERIOR BARS‘,
s /6X,"IN K-FACE'/)

302 FORMAT(‘ ° SX, LATERAL TIES REQUIRED FOR INTERIOR BARS‘,
& /6X,°IN Y-FACE'/)

304 FORMAT(' ‘, ‘SELECY TIES :°/)

160 FORMAT( - ° SX, 'NORMAL L SPLICES CAN 8E USED'/)

163 FORMAT(’ * ,SX, TANGENTIAL LAP SPLICES CAN BE USED' /)

166 FORMAT ("’ * SX,°LAP SPLICES SHOULD NOT BE USED’,
¢ ° FOR DIAMETER'/6X, "BAR LARGER THAN’ ,F9 .4, ,1X,

s "IN PROJECT UNITS°/)

asssesssssaass
. .
SUBROUTINE OUTPUT

.
*THIS SUBROUTINE IS FORMATTED A SMHORY OUTPUY LAYOUTY s
1]

nonNnnN NN n

IMPLICIT REAL(A-H, 1 ,K-M P R S W-V), INTEGER(T J N ,$)

COMMON PG ESMAX, TYPE TREINF TSLENI TBEND, TSLENZ, K YADEQ, TPROB
COMMON TCODE WC,ES ,DCC 0SS CXINCR CYINCR,T1, TK, TBS(8) DB(S)},
* FD.FL,ECU,PMAX PMIN,SB1 EMIN,PHIV RFAC DSMIN SSMIN, SSMAX,
* TBMAX,SMAX ,J PRIME MINOIM TESTODI ,LATDS(20) MINLAT, TBOMAXX
COMMON FPC FY FSY, EC, 81, TXBRAC KX, LUX, TYSRAC.KY,LUY,SPU,
* SPC,PO.PL . PU MX1 MX2, BDX MY MY2, B0Y, TOUT, K TMODE

COMMON TSHAPE CX,CY R, TDESIGC,TRFACE, K NBS,6 NMAX

COMMON TDIMFG,AG . AS,.CC.S8,0P AST NX,NY S8X,58Y,DS,
* Y(12),1SEX X(12),1SEY, TMODAS PGDES  EY _MCX,
® MAPPX PUDESX MUDESX,PBX

COMMON EX MCY _MAPPY , PUDESY MUDESY PSY MOYREQ MOXREOQ,
s YC,YB, ECS(12) ,EYS(12),CS(12),FT(12),
* XC,.XB,ECSY(12) ,ETSY{12),C8Y(12),FTY(12)

COMMON TESTMOD

COMMON NLC,LJPOB, TREVIS, TDSSS SPACE PITCH, NSPACR

c
C ONLY USED FOR REVISING PROSLEM IN INTERACTIVE MODE
c

IFI(YREVIS .EQ. 1) GO TO 206
IF(TREVIS . EQ.2) GO YO 213
IF{TREVIS . EQ.3) GO TC 213
IF(TREVY1S . €0 .4) GD YO 208
IF(TREYVIS . EQ0.5) GO TO 211

4
€ ONLY USED FOR ADEQUACY CHECK IN MULTIPLE LOAD CASES
[

IF(TDESIGC.EQ.2) GO TO 203
IF(TYPE.EQ. !t _AND.YCODE.EQ.1) GO TO 227
G0 TO 239

227 WRITE(&,6100) .
IF(TMODE . EQ . V) WRITE(7,100)

231 IF(TYPE . EQ. 1. AND . TCODE .£0.2) CO TO 228
GD TO 232

228 WRITE(S 101
1F(TMODE .EQ. 1) WRITE(Y, 101}

232 IF(TYPE BO.2.ANO.TCODE .EC.t) GO TO 22%
GO TO0 233

22% WRITE(6,102)
IF(YMODE .EQ.1) WRITE(T7,102)

233 IF(TYPE £0.2.AND.TCODE.EO.2) GD TO 230
GO T0 208

230 WRITE(6,103)
IFUTMODE .£0.1) WRITE(7,103)

208 LX=KX®TLUX
IF(TXBRAC.EQ. 1) GO TO 204
IF(TCODE .£Q.1) GO TO 180
WRITE(E, 108)LX
FTFITMODE .EQ. 1) WRITE(7,108)LX
GO0 TO 208

160 WRITE(S. 181 )LX
IF(TMODE .EQ. 1) WRITE(T7,181)LX
G0 YO 208

204 IF(TCODE.EQ.1) GO TO 182
WRITE(S, 110)LX
IF{TMODE . €Q. 1) WRITE(T,110}LX
GO T0 205

1S2 WRITE(S, 1S3)LX
IF{TMODE . EQ.3) WRITE(T,183)LX

208 IF(TBEND .€Q0.1) GO TO 21§
LYRKYsLUY
IF(TYBRAC . £0.1
IF{TCODE .EQ. 1)
WRITE(S 111)LY
IF{TMOODE .EC. 1}
GO TO 218§

184 WRITE(S,1SS)iLY
IF{TMODE .EQ. 1} WRITE(T7,155)LY
GO Y0 215

207 IFI(TCODE .EQ. 1) GO TO 156
WRITE(G,112)LY
IF(TMODE .EQ. 1) WRITE(T,112)1LY
GC TO 21tS

156 WRITE(S ,1ST)LyY
IF(TMODE . EQ. 1) WRITE(T7,1S7)LY

) G0 To 207
€0 YO 154

WRITE(Y, 111}y
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C ONLY USED FOR REVISING STABILITY GEOM. PROPERTIES 1IN
C INTERACTIVE mMODE
c
218 IFITREVIS . EO.4) GO TO 213
206 WRITE(6, 104}
IFITMODE . £Q. 1) WRITE(7,K 104)
IF(TYCODE.E0.1) GO TO 200
WRITE(G,10S)FPC WC EC,FY ES
IF(TMODE .EQ. 1) WRITE(7,105)FPC WC . €C ,FY ES
G0 TO0 201
200 WRITE(S, 106)FPC,WC EC, FY ES
JF(TMODE .EQ. 1) WRITE(7 108IFPC WC EC.FY ES
201 IF(TYPE EQ.1} GO TO 202
tIF(TCODE.EC. 1) GO YO 20%
WRITE(G,107) FSY
IF(TMODE .E0. 1) WRITE(T, 107} FSY
G0 T0 203
2098 WRITE(G6,113)FSY
IF({TMODE .EQ. 1) WRITE(T7,113)FSY
GO0 TO 2013
202 JF(TCODE.£0.1) GO TO 210
WRITE(G,108)FSY
1F{TMODE .EQ. 1} WRITE(T7, 108)FSY
G2 To 203
210 WRITE(E 4)rFsSY
IF{TMODE .E0. 1) WRITE(7, 114)FSY

[ 4
€ ONLY USED FOR REVISING MATERIAL PROPERTIES IN INTERACTIVE MODE
.t} GO TO 213 .
.11 WRITE(S,2880)
IF(TDESIGC.RQ.2) WRITE(S, 2881
IF(TOESIC.E0.3! WRITE(S, 2882}
IFI(TCODE.EQG. 1) CO TO 212
MPU=PU/1000.
MMAZSADS (MX2) /12000,
MMY28A8S (MY2)/12000.
WRITE(S, 11S)IMPY, MMX2, MMY2
IF(TMODE . €0. 1) WRITE(T, 115 )MPU MMX2Z, MMY2
GO YO 2ta
212 MPUsPU/1000.
S(MX2)/1000000.

203 IF(YREVIS.EQ

}
2 IFI(TDESIG. EO '
)
+

WRITE(S, 118 )MPYU MMX 2, MY 2
IF(TMODE . Q. 1) WRITE(T7, 1168 IMPU, MMX2, ,MMY2

214 IF(TDESIG.EQ.2) GO TO 22§

213 WRITE(S, 11 7)
IF(YMODE .EQ.1) WRITE(7,117)
IFP(TCODE.EQO. 1) GO YO 2t6
IF(TSHAPE . E0.3) GO TO 2883
WRITE(G, 118)CX,CY
IF(TMODE . €EQ. 1) WRITE(7, 1181CK, CY
GO0 Y0 217

2883 WRITE(G,2888) CX
IF(TMODE .£0. 1) WRITE(7,2884) CX
60 TO0 217

218 IFITSHAPE . E0.3) GO YO 2845
WRITE(S,118)CX, CY
IF(TMODE BO. 1) WRITE(7,118)CXx,CY
&0 T0 217

2888 WRITE(G,2886) CX
IF(TMODE .EQO.t) WRITE(7, 2886} CX

c
C ONLY USED FOR EXISTING OJAGNOSED ERROR IN SUBROUTINE DIMEN?
<

217 JF(TESTD] .EQ.2) GO TO 226
IF(TRFACE . €0.J) NMAX=2® (NXONY)
PCDESE ( NMAXSPR IME=DR(J)*e2)/(ACsE .}
WRITE(S,6 1201PCDES
EFC(TMDDE . E0.1) WRITE(T7,120)PGDES
GO T0(218,219,220,221),TRFACE
218 WRITE(S,121)NMAX,TBS(J)
IF(THMODE . EQ. 1) WRITE(T, 121 )NMAX, TBS (S}
€0 70 222
218 WRITE(E,122)NMAX, TBS (J)
IF(TMODE . £0. 1) WRITE(T?, 122 )NMAX ,TBS(J)
GO 70 222
220 NNX=2=NX
HRYSIENY
WRITE(S, 123 )0MK TBS(J) NNY, TBS(J)
IF(TMODE . EQ. 1) WRITE(T, 123 1IMNX,  TRBS{J) NNY, T8S(J)
G0 T0 222
22 WRITE(E ., 128)NMAX , TBS(J)
IF(TMODE .EQ. 1) WRITE(T, 124 )1HMAX, TBS(J)
222 IF(SPACE.LE.O. AMD.PITCH.LE.O.) GO TO 228
IF(TYPE.E0Q. 1) GO YO 223
IF{TCODE . EQO. 1) GO YO 224
WRITELG, 128)TDSESS ,PITCH, NSPACR
IF(TMODE . EQO. 1)} WRITE(7,128)TDSSS PITCH, NSPACR
G0 To 226
224 WRITE(G,127)TDSSS,PITCH NSPACR
IFC(TMODE .EQ. 1) WRITE(T,1271TDESS ,PITCH NSPACR
GO 70 228
223 IF(TCODE.EO.1) GO YO 225
WRITE(G,1281TDSSS SPACE
IF(TMODE . EQ. 1) WRITE(7,128)TDSSS,SPACE
GO Yo 2286
228 WRITE(S,129)TDSSS , SPACE
IF(YHMODE .EQ. 1) WRITE(7,129)TDSSS SPACE
226 WRITE(6,130)
IF(TMODE .EQ.V) WRITE(T7,130)

c
€ EYALUATE THE ENTERED VALUES OF MATERIAL STRENCTH
€

IFITCODE.EQ.1) GO TO SaS
IF(FPC.GE.2000. .AND.FPC . LE . 8000.) CO TO S40O

4867 WRITE(G,530)

4688 $40 IF(FY_.CGE . 40000. .AND.FY.LE 80000.) GO TO S41
L111) WRITE(E,531)

4670 sS4 IF(FSY GE.40000. . AND.FSY.LE €0000.) GO TO 542
4871 WRITE(6,$32)

4672 GO TO $42

4673 $4% IF(FPC . CE.20.  .AND.FPC . LE . 40.) GO TO 5423
4878 WRITE(E,$30)

‘48T $43 IF(FY . GE .J00. AND . FY LE 400.) GO TO 544
467¢ WRITE(S, 531}

877 44 JFIFSY GE.300. .AND FSY LE 400 | GO TO 542
4678 WRITE(S,$22)

4879

c
4680 € DETERMINE COLUMN DEFLECT !N SINGLE OR DOUBLE CURVATURE
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$e2 1FiABS(MX 1) . LE.O.) GO TO 328
1€(MX1 LT .O. AND.MX2 .6T.0.) GO YO 327
IF(MX2.LT.O. AND.MX1.CT . 0.) GO TO 327
WRITE(6,303)
IF(TMODE EO. 1} WRITE(T7,303}
GO0 YO 328
327 WRITE(G, 304}
IF(TMODE . EQ. 1) WRITE(7,6304)
328 IF(TBEND . EQ .V} GO TO 500
IF(ABS (MY} . LE.O.) GO TO 1000
JIFIMY1 . LT .O. _AND . MY2 . GT . 0. ) GO YO 329
IF(MY2.LTY . O. AND.MY! . GCY . 0. ) GO TO 329
1000 WRITE(G,LJ05)
IF({TMODE . EQ.)) WRITE(T, 6306}
GO TO SooO
329 WRITE(E, 306"
IF(TMODE . EQ. 1) WRITE(T,K 306

c
C EMPTY STORACE PARAMETERS
c

$00 PITCH=O.
SPACE=0.
RETURN

€
< FORMAY
[4

100 FORMAT(

‘ ,'TYPE TIEO’, 18X, "OESIGN COOE = CSA A23.3-M77°/)
toy FORMAT{ *

=
“YYPE = TIED',tS5X, 'DESIGN COOE = ACI 318-77°/)
[

102 FORMAT( ‘TYPE SPIRAL’ ., 18X, ‘DESIGN CODE = CSA A23 3I-M77°/)
103 FORMAT( ‘TYPE = SPIRAL‘,1SX, 'DESIGN CODE = AC) 318-77°/)
108 FORMAT( ,MATERIAL PROPERTIES :°/)
106 FORMAT(’ *,SX, CONCRETE : COMP. STRENGTH s, Ff7.0, .
. X,°PS1°/6X, ° DENSITY =’ ,F6 .0,
. I1X,'PCF°/8X, * MODULUS OF ELAS. =’ Fti.0,
= 1X,°PSI°/8X, *LONG. STEEL : YIELD STRESS s’ ,F8.0,
- 1%, 'PSI’/6X, " MODULUS OF ELAS. =’ ,F11.0, °PSI1 )
106 FORMAT(* °,8X, "CONCRETE ; COMP. STRENGTH =, Ff$.0,
. 1%, 'MPA°/8X, " OENS]ITY =, F7.0,
IR, 'KG/CUBIC METER',
. /8%, ° MODULUS OF ELAS. =°' F8.0,
L 1X,‘MPA° /86X, ‘LONG. STEEL : YIELD STRESS =’ ,F6.0,
. 11X, '™ P MODULUS OF ELAS. =° F9 .0, "MPA’)
107 FORMAT(' * SX, "SPIRAL : YIELD STRESS s’ Fs.0,
s1X,°PSI1°/)
108 FORMAT(® * ,SX,°TIES : YIELD STRESS = F8.0,
ctx,°'PSI*/}
113 FORMAT (' ‘' SX,6 'SPIRAL : YIELD STRESS = F§. .0,
sIX, ‘MPA°/}
114 FORMAT(* °,SX,"TI1ES : YIELD STRESS =’ ,F8.0,

BIX, 'MPA‘ /)

109 FORMAT(8X, ‘ABOUT X-AX3IS : UMBRACED, EFF. LENGTH =' F7 0O,
1K, IN."/)

110 FORMAT(8X, ‘ABOUY X-AX}S : BRACED, EFF. LENGTH =’ ,F7.0,
*4X,IN. /)

1"t FORMAY(8X, ABOUT X-AX1S : UNSRACED, EFF. LENGTH =’ ,F7.0,
1IN, IN."/}

"2 FORMAT(SX, ‘ABOUY Y-AXIS : BRACED, EFF. LENGTH =’ F7.0,
21X, IN."/)

151 FORMAT(SX, ‘ABOUT X-AXIS : UNBRACED, EFF. LENGTH =’ F7.0,
1K, MM/

183 FORMAT (8X, ‘ABOUT X-AXIS : BRACED, EFF. LENGTH =° F7.0,
TIX, MM /)

185 FORMAT(8X, ‘ABOUT Y-AXIS : UNSRACED, EFF. LENCTM =° F7.0,
c1X, ‘MM /)

157 FORMAT(8X, ‘ABOUT Y-AX1S : BRACED, EFF. LENGTH =’ F7.0,
sIX, ‘MM /)

118 FORMATI® °,SX °'PU =* F8.0,1X,
s'KIPS /8N, ‘MUX =° F 0,1X, ‘KIP-FY, * 2X, MUY =° F8.0, X,
TRIP-FT /)

116 FORMAT(* *,8X,°PU s° F8.0,1X, ‘KN,
2/6X, MUX =’ ,F8.0, 1K, ‘KN-M,* 2X, ‘MUY =*' F8.0, X, ‘KN-M"/)

.

117 FORMAT(’ *, "CONCRETE DIMENSION :°/)
118 FORMAT(® * , BX,*CX =* FE.1, X, "IN., * ,BX, “CY ®° FE.1, X, "IN."/)
119 FORMAT(* *,BX,°CX 5°,F6.0,1K, MM, EX,‘CY =° F§.0,1X, ‘MM" /)
120 FORMAT(’ *, LONGITUDINAL REINFORCEMENT :° 8X,
s ‘REINFORCEMENT RATIO ** F5.3/)
121 FORMAT(® * ,$X,12,°- #°,12,1%,°
122 FORMAT(*® ° . 8X,12,°- #°,12,1X, RS IN Y-FACES ONLY‘/)
123 FORMAT(® * ,SX,12,°- #°,12,1%, ‘BARS IN X-FACES'/SX,
s12,°- #°,12,1X, “BARS 1IN Y-FACES'/)
124 PORMAT(’ * SX,12,°- #7,12,1X, 'BARS IN CIRCULAR" /)
126 FORMAT(’ °, *SPIRALS F1° L BX,#°  12,1%, ‘WITH"
s FS.1,1X,°IN. PITCN AND°,12,1X, SPACERS /)
127 FORMAT(' * 'SPIRALS :°//° *,8X CLT12,1%, CWEITHS,
s FE.0,1X,°MM PITCH A L12,1X, “SPACERS ‘ /)
t28 FORMAT(’ * 'TIES TLEX, M T2, 10, °@° FS .1, 1X, "IN
v SPACING /)
129 FORMAT(’ * °TIES :*//° ',SK,'#° 12,1K,°'@° F6.0,1X, 'MM",
*° SPACIKG’/)
130 FORMAT(® *, ‘AODITIONAL COMMENTS :°/)
303 FORMAT(* * SX, “COLUMN DEFLECTS IN SINGLE",
s * CURVATURE ASOUT X-AX1S’/)
304 FORMAY(’ *,SK,'COLUMN DEFLECTS IN DOUBLE",
s ‘' CURVATURE ABOUT X-AXIS°‘/}
308 FORMAT(’ * ,SX, 'COLUMN DEFLECTS 1IN SINGLE’,
« ° CURVATURE ABOUT Y-AXIS‘/)
306 FORMAY(‘ ° ,$X, °COLUMN DEFLECTS IN DOUBLE’,
* ¢ CURVATURE ABOUY Y-AXIS'/)
$30 FORMAT(® ’ ,EX,’ 'THE ENTERED CONCRETE STRENGTH IS NOT°,
s * WITHIN THE*/GX, PREDETERMINED RANGE'/)
$31 FORMAT(’ *,5K, THE ENTERED LONGITUDINAL YIELD STRESS‘,
s ¢ IS MOT WITHIN THE'/EX, 'PREDETERMINED RANGE'/)
$32 FORMAT(‘ *,8X, THE ENTERED SPIRAL YJELD STRESS 1S NOT',
5 ' WITHIN THE'/EX, PREDETERMINED RANGE'/)
2880 FORMAT(’ °,’'DESIGN LOAD CONDITION :°/)
2881 FORMAT(’ *,’ADDITIONAL LOAD COROITION :°/}
2882 FORMAT(’ *,’CHECK LOAD CONDITION :°/}
2884 FORMAT(* °* EX,°DJAMETER & ° F6. 1, 1X, IN."/)
2886 FORMAT(’® °*,SX, ODIAMETER = * F6.0,1X, ‘MM‘/)

®S IN X-FACES ONLY'/)

SUBROUTINE PROBL1

s
sTHIS SUBROUTINE READS OPTIONAL CONTROL PARAMETER
=
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101

so1
102

$00
103

sox
S04
[ 1.1
sos

$07

IMPLICIT REAL(A-H,I,K-M,P R,S,W-Y), INTEGER(T,J,N,$)
COMMON PG, ESMAX, TYPE, TREINF, TSLENT, TBEND, TSLEN2, TADEG, TPROB
COMMON TCODE,WC,ES,DCC,DSS,CXINCR,CYINCR,TI,TK,T8S(9),D8(9),
&« FD,FL,ECU,PMAX PMIN,SB1 EMIN,PHIV,RFAC,DSMIN,ESMIN, SSMAX,
* TEMAX,SMAX,J,PRIME MINDIM, TESTDI,LATDS (20),MINLAT, TBMAXX
COMMON FPC, FY, FSY,EC, 81, TXBRAC, KX, LUX, TYBRAC, KY,LUY,SPY,
s SPC,PD,PL,PU,MX1,MX2 BDX,MY1 MY2,8DY, TOUT, TMODE

COMMON TSMAPE ,CX,CY,R,TDESIG, TREACE, NBS , NMAX

COMMON TDIMFG,AG,AS,CG,SB,DP,AST,NX NY,S8X,587,0S,
s ¥(12),I1SEX,X(12),ISEY, TMODAS , PGDES ,EY MCX,
= MAPPX,PUDESX ,MUDESX, PBX

COMMON EX,MCY MAPPY,PUDESY ,MUDESY,PEY,MOYREQ ,MOXREQ,

* YC,VYB,ECS(12) ,ETS(12),C8(12),FT(12),

* XC,XB,ECSY(12) ,ETSY(12),CSY(12),FTY(12)

COMMON TESTMO

COMMON NLC,JPOS,TREVIS,TDSSS,SPACE, PITCH, NSPACR

DIMENSION A(D)

EMPTY STORAGE PARAMETERS

TMODAS=O
TREVIS=O
TPROS=O

IF(TMODE .80.1) GO TO t

GO0 TO 9

WRITE(7,101)

FORMAT (‘& NEXT OPTIONE 7 REVISE ABOVE PROBLEM, ENTER 1°‘/,
s/ . GO TO NEXT PROBLEM, ENTER 2°,
s/ TERMINATION OF PROGRAM, ENTER 3°/)
READ(8,1000) JPOS

GG TO0 ($00,601,802),JPr00

TPROBSS

G0 TO &

WRITE(7,102)

FORMAT(°& NEXT OPTION= 2 ALL DATA REENTERED,ENTER 1°‘/,

5/ FOLLOWING CONCRETE GEOM. VARIED WITH HEADING,ENTER 2°,
s/ FOLLOWING STEEL GEOM. VARIED WITH MHEADING,ENTER 3°,
=/ FOLLOWING STABILITY GEOM. YARIED WITH WEAD.,ENTER &°,
./ FOLLOWING LOADING PROP. VARIED WITH HEADING, .ENTER 5°,
./ LAST COLUMN DESIGN PROBLEM,ENTER 6°/)
READ(4,1000)TPROB

60 YO

WRITE(7,103)
FORMAT(’& REVISE OPTION= 7 ALTER MATERIAL ONLY,ENTER 1°/,

L VA ALTER CONCRETE GEOM. ONLY, ENTER 2°,
s/ ALTER STEEL GEOM. ONLY,ENTER 3’

s/ ALTER STABILITY GEOM. ONLY,ENTER &',
s/ ALTER LOADS ONLY,ENTER §5°/)

READ(4,1000) TREVIS

GO TD (803,504 ,805,508,807), TREVIS
WRITE(S, 401)

G0 TO ¢

WRITE(S,402)

60 70 &

WRITE(
GC TO 8
WRITE(S,404)
Go ToO
WRITE(S,a08)
60 TO
READ (S, 100) TPROS

,803)

FORMAT(12)

1000 FORMAT(I11)

401
402
403
404

408

[,

anononNnnn onNn

307

FORMAT(* ’,‘REVISE OPTION = ALTER MATERIAL’,

& ' PROPERTIES ONLY'/)

FORMAT(* ‘,‘REVISE OPTIDN = ALTER CONCRETE',

s ' OF GEOMETRY PROPERTIES ONLY'/)

FPORMAT(* °,‘REVISE DPTION = ALTER STEEL OF°‘,

® ' GEOMETRY PROPERTIES DNLY'/)

FORMAT(® ', ‘REVISE OPTION = ALTER STABILITY',

® ° OF GEOMETRY PROPERTIES ONLY’/)

FORMAT(* *,’REVISE OPTION = ALTER LOADS PROPERTIES',
s DMLY‘/)

RETURN
END

SESEEEEEIEESNSESENSESENEAERESNERE TR SSEREAELRRSENAS LTS RIERTERTY
=

SUBROUTINE SORT(NEAD,N,JPOB)

s -
STHIS SUBROUTINE IS TO SDRT THE COMPUTER RESULTS SO0 THAT *
A NEADING WILL BE PRINTED ON THE TOP OF EVERY NEW PAGE. =
SASSUMPTION : THE PRINTER TRUNCATES ANY EXTRA CHARACTERS *
=]F THE LENGTH OF A PRINTED LINE HAS ENCEEDED DEFAULT LIMIT =
* =

*

SESEIE NN RS LRSS E LN E NS AR I SRS NS A E AR EE RS SN XN AR E N X EEEERIAXEXXSTRR

IMPLICIT REAL(A-H,I K-M,P,R,8,W-Y), INTEGER(T,J,N)
DIMENSION LINE(SO), 6 HEAD(1E)

ENDFILE 8

REWIND 8 N
TNJ=s .
IF(TNJ.EQ.8) GO TO 407
ENOFILE 8

REWIND 8

ENDFILE &
REWIND &

c
C WUMBER 1S THE TDTAL NUMBER OF LINES PRINTED ON EACH PAGE
€

$07 READ(S,

807 WRITE(Y,

NUMBER=ES
LOCA=]
NPAGE=2

87 ,END=TO7)LINE
LOCA=LOCA+Y

IF (LOCA .GT. NUMBER) GO TO 807
WRITE(D, 987)LINE

G0 TD 607

JHEAD, NPAGE

WRITE(S, 987)LINE
L0CAs=S
NPAGERNPAGE+

&0 T0 S07
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4321
4822
4823
as2a
4828
4926
4827
4328
4829
4830
4931
4832
4933
49348
4313S
4836
4837
4938
€End of file

286
o887
707

407

408

110
too

FORMAT(“1°, 11X, 1544, *PAGE* ,13/1K,60( 2 )/}
FORMAT (SOA4 )

REWIND €

REWIND 8

RETURN

READ(S8,987 ,END=SOB ILINE
WRITE(G,987)LINE

GO Y0 407

TNJz 10

1F(JPDB . €EQ.1) GD TO 100
EF(N.CT . t) GO YO 11%0

G0 70 307

NEN- 1

ENDFILE 8

REWIND &

RETURN

END
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An Inelastic Analysie of the Gentilly-2 Secondary Containment
Structure by D.W. Murray, C. Wong, S.H. Simmonds and
J.G. MacGregor, April 1980. .
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by A.A. Elwi and D.W. Murray, May 1980.
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Ultimate Strength of Timber Beam Columns by T.M. Olatunji and
J. Longworth, November 1983.

Lateral Coal Pressures in a Mass Flow Silo by A.B.B. Smith and
S.H. Simmonds, November 1983.
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