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ABSTRACT

A method is presented for the Computer Aided Design of Reinforced Concrete
Columns complying with the provisions of Australian Standard AS1480/1974, "The

Use of Reinforced Concrete in Structures".

Standard variables and interface parameters have been adopted to enable the
various sub-programs described herein to be fully integrated with a complete

Reinforced Concrete building design system.

A particular feature 1s that a comprehensive set of design charts has been
converted into a series of equations thus obviating the need to determine the
position of the neutral axis by iteration. A direct solution for the

reinforcement required i1s therefore possible.

The Thesis has been divided finto 5 sections followed by a group of
appendices. The first section examines the slenderness provisions of the
current version of AS1480/74. The various approaches used in other codes are
compared and consideration is given to abandoning the simplified method in

favour of a-more general approach.

The Second Section considers the standardisation required to allow any
Rectangular Reinforced Concrete Column design module to be compatible with the

building design system used by GENESYS.

The Third Section contains the details of a computer program which uses the
equations generated from the design charts (see Appendix 1) to provide a
design solution. It indicates where the relevant sections of AS1480/74 have
been involved and also how the required steel and its disposition within the

column 1s determined.



The Fourth Section describes the implementation and testing of the program.

The Fifth Section contains the conclusions and general comments.
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GLOSSARY OF SYMBOLS

A factor used to derive the biaxial moment from the

mono-axial moments

Deflection or magnification factor used 4in Moment

Magnifier method

Pi, the ratio of the circumferance of a circle to its

diameter

Capacity reduction factor

Time dependent function representing the visco-elastic

behaviour of a concrete bending element

Angular rotation

Stress

Buckling Stress

The elastic 1imit

An infinite number

Factor used 1in calculating the creep deflection of a

column

Series of coefficients
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add

eq

ECX

ECY

Xv

Area of Steel Reinforcement

Area of Steel under compression

Breadth of a concrete column section

Equivalent eccentricity term

Effective depth of a concrete column section

Actual depth of a concrete column section

Dead Load

Eccentricity

Primary design eccentricity

Additional eccentricity

Equivalent eccentricity

Lateral deflection

Modulus of Elasticity

Eccentricity for X-direction bending

Eccentricity for Y-direction bending



ECXY

LL

xvi

Eccentricity for blaxial bending

Concrete cylinder strength

Steel yield strength

Ratio of distance between opposite face bars to overall

depth (D)

Stiffness ratio of column head
Stiffness ratio of column foot
Average of GA and GB
Second moment of area of column section
Factor relating 1e and ]c

Curvature

Effective length of column

Actual length of column

Live Load

Ultimate applied moment

Ultimate applied moment about x-axis
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My - Ultimate applied moment about y-axis

"o - Primary design moment

Madd - Additional moment

Mi - Internal moment

Hmax - Maximum moment

Pé - Load at which creep buckling will occur
p! - Utimate applied axial load

P'b - Balanced failure axial load

p = Applied axial load

PCr - Axial Toad at which buckling will occur

q - Rotational spring stiffness
r - Radius of gyration
7
R - Reduction Factor (R if tension failure governs)

T = Factor used to calculate the balanced failure load
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS QT

INTRODUCTION

Computer Aided Design (C.A.D.) i1s a technique where man and machine combine to
form a problem solving team, the computer performing the routine aspects of
design and presenting the consequences of the designer's decisions quickly and
effectively. It is not the same as Design Automation in which the computer
can handle all demands and constraints without recourse to the designer.
C.A.D. may be applied to a wide range of activities for example, analysis,
optimisation, performance, calculation etc., each requiring a different level of
designer involvement. In analysis the computer relieves the engineer of
tedious calculation and there is 1ittle or no input required from the engineer
as the program 1is progressing. The finding of an optimum solution
particularly lends itself to computerisation with opportunities for iteration,
1inear programming and hill cl1imbing (finding the peaks in a multi-dimensional
space). Designer finvolvement wou'ld vary according to the complexity of the
problem. Performance calculation 1s also well suited to C.A.D. techniques.
Results such as speed, efficiency, power, cost etc may be calculated for a
range of different condition and the effect of changing parameters may be

quickly seen. This involves a high Tevel of designer involvement.

There are certain qualities that a C.A.D. system should possess. The system
should accept information in a fairly flexible form preferably also checking
that the input is sensible. 1t should present the consequences and inferences
of the designer's decisions quickly and clearly,particularly if these are to
form the basis for further decision. For these reasons it is desirable that

the designer have access to peripherals such as graph plotters, graphics



terminals, line printers, visual display units etc. Graphical displays are
particularly valuable because of the variety of ways in which information may

be displayed (graphs, maps, diagrams etc), and because they can be used for

both input and output.

Ideally the programs used in a C.A.D. system should be modular, that is split
into groups each of which is responsible for a particular part of the design.
This results in clear logic and easy debugging and ensures that as new
calculation methods are evolved, the old module may simply be replaced by a
new one provided that the correct interfacing is used. 1If no coupling between
the various modules 1s provided, the designer may run the modules in any order
he sees fit. The advantage of this is that component routines may be used in
isolation making the system much more flexible. Each module may be further

subdivided containing some or all of the following types of program:

Service routines which contain the sequences for performing the

problem (such as input and output)

Calculation routines for solving equations and performing arithmetic

Logic routines for controlling the path of calculation

Data bases for storing information relevant to the design

GENESYS is a computer system which has been developed specifically for C.A.D.
It provides a means whereby component programs, written in a language known as
GENTRAN may compile and execute on a wide range of different computers. It 1s
modular with free format data (the input being via tables and commands) and
the user does not need to know how to program, Just the sequence of commands

required.



GENESYS contains a 1library of engineering subsystems, one of which 1is
RC - BUILDING/1 which itself contains 36 individual programs for Reinforced
Concrete structures. It can produce the design and detail including bar
fixing, bending and weight schedules for beams, columns and flat slabs using
the British Code of Practice CP110-71. The disadvantage to potential
Australian users 1is that the British Code of Practices differs in many
respects from the corresponding Australian Code of Practice AS1480/1974.
Therefore the RC/BUILDING/1 subsystem is, at present, not acceptable in

Australia.

While researching the alterations required to convert from CP110, to AS1480,
significant differences were found in the manner of handling slender columns.
It was then decided that a review of the slenderness provisions of a number of

Concrete Codes of Practice would be worth while.

This project therefore had two objectives:

to examine the slenderness provisions of the Australian Concrete

Code, suggesting possible improvements

to produce a column design module compatible with the GENESYS
RC-BUILDING subsystem but compiying with the current Australian

Concrete Code
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 1 - SLENDERNESS EFFECTS

1.1 Introduction

The slenderness of a column is 1important because it 1s a measure of the

tendency of the column to buckle.

In this section, the slenderness provisions of a number of Concrete Codes of
practice 1including AS1480 (Ref 11) are compared. The merits of each are

discussed and suggestions are made for possible changes to AS1480.

1.2 Theory
1.2.1 For a pin-ended member composed of an ideal linear elastic material,

the stress at which buckling occurs is given by equation 1.2.1. This

equation is commonly called the Euler's Curve.

Tor = n2E/ 5%2

..... 1.2.1

However equation 1.2.1 is only valid for values of a/r less than the
elastic 1imit. For design purposes the failure curve is as shown

diagrammatically in Figure 1.1.
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Fiqure 1.1 - Failure Curve for linear elastic-plastic material

The failure curve shown in Figure 1.1 cannot be used as the basis for

designing concrete columns for the following reasons:

(1) Concrete is not an ideal linear-elastic/plastic material.
(2) Allowance must be made for non-homogeneity, creep,
shrinkage and initial out-of-straightness.
(3)

Columns are usually

subjected to a combination of axial
load and bending moment.

1.2.2 Non Linear Behaviour

The effect of the non-1inear stress/strain response of concrete on buckling

may be il1lustrated using the bar-spring assemblage shown in Figure 1.2



P

Figure 1.2 Bar-Spring Assemblage

From Reference (17), consideration of Figure 1.2 gives the following

relationships:
8 =49 1.2.2
[
Mi =;a=47/5 1.2.3
P =4y §_ s 15254
e+¥s
Per =4 % (for e=0) ... 1.2.5
M1 = Per 3 sare 16246

Where q = Retational spring stiffness (see Fig 1.2)

Equations 1.2.4 and 1.2.5 may be represented on an M-3 graph as shown in

Figure 1.3.

The features of this representation are that:

(a) the slope of AC=P, the applied axial load
(b) the slope of 0OD=Pcr, the critical buckling load
(c) the initial eccentricity 1is represented by a shift 1in

origin by an amount - e along the J axis



M
A
D
C
R«
P
A 0 =
La [
r "

Figure 1.3 Deflection Analysis

The 1loading response of a concrete column may be represented as the
moment/curvature diagram shown in Figure 1.4 (a) or as the moment/deflection
diagram shown in Figure 1.4(b) by the application of equation 1.2.3. (Note

that q is non-linear).
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bhe rotation at which the maximum
moment is achieved

Mamex = the maximum achievable moment

Mn., s MM, ]

v
?

o@ e

a) Moment/Curvature b) Moment/Deflection

Figure 1.4 Loading response of a concrete column

Figures 1.3 and 1.4(b) may be superimposed as shown in Figure 1.5.

The slope, P of the line AX1X2 represents the applied axial force

and is shown plotted against §; in Figure 1.6.



M Pmax - Mmax /e
A P = Applied axial load
9, = Initial deflection when P is
. max
applied
€ = Initial eccentricity
c X2
By s -
P | > 5—
Y %

Fiqure 1.5 Superimposition of Fiqures 1.3 and 1.4(b)
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Fiqure 1.6 P-35 Plot derived from Figure 1.5

Reference (17) contains a detailed description of Figure 1.6 which may be

summarized as follows.

The implication of Figure 1.6 is that the maximum axigl load carrying capacity
occurs before the full moment capacity of the section has been developed.
As ¥ increases past 5;, the moment carried is increasing but the axial 1load

is decreasing.

This effect.is most pronounced when e is very small because as the value of e
tends towards infinity, the curve OX,X2 tends towards a straight l1ine (e 1is
represented by the segment A0 on the Y axis in Figure 1.5) and the effect

decribed above becomes less and less.

1.2.3 Creep Buckling

Another shortcoming of the 1linear-elastic theory 1in 1its application to
concrete 1is that it fails to account for the long term reduction of load

carrying capacity due to creep.
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Under certain conditions, for example sustained overload, it is possible for
this capacity reduction to induce a stability failure (Creep Buckling) after a

finite period of time.

This phenomenon may be illustrated using the bar-spring assemblage developed

in Section 1.2.2.

The effect of creep is to produce an additional lateral deflection which is a

function of time as shown in Figure 1.7.

v
A —

Q@

| ok

Fiqure 1.7 Effect of Creep on lateral deflection

The value of S%(t) may be calculated as follows (Reference 13)

where v = 4%4
P2
o]

g(t) = the ratio of the rotation after time (t) to the
initial rotation

F% = load at which creep buckling will occur (see

Reference 13)

S}(t)

e [‘exp( g(t) )w 1
v- 1 L. 1.2.7
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With reference to Figure 1.5, this additional lateral deflection reduces the
slope of Tine AC and hence the value of Pmax'
The application of 1load ﬁﬂ over a period of time has thus resulted in the
new P-& curve shown in Figure 1.8. 1If now the column were to be loaded by a
load P then buckling will eventually occur due to the action of creep. This
1s because the curve S}(t) gradually changes with time so that eventually

ﬁy 1ies below P.

max
From Fig. 1.6
P
$
p After o (t)

-3

Figure 1.8 P-J curve after creep

P = Initial axial load

The reduction factor R in AS1480-1974 includes some provision for the adverse
effects of creep on long columns. However, as explained in Reference (17), it
would be more rational if the creep were to be considered as an additional

deflection. This could be included in future revisions of AS1480.
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1.3 Slenderness Effects Explained

In addition to the applied moments (if any), all compression members carry

moments due to the action of the axial load on the following:

(a) Unavoidable eccentricities

(b) Designed eccentricities

(c) Out-of-straightness of the member
(d) The lateral deflection

As the slenderness of the member 1increases, the lateral deflection effect
Increases to the point where an appreciable proportion of the internal moment
is due to this P -Delta effect and the load carrying capacity begins to
decrease. At this point a second order analysis should be used to describe
the structural properties of the member. This second order analysis should
account for the effect of the deformations on the equilibrium of the structure

and the non- linearity of the materials.

In practice the application of these second order analyses to real-life
problems 1is too complex for general use and Design Codes usually allow for a
simplified method for members of medium slenderness. If the slenderness

exceeds a specified amount then a full second order analysis must be used.

1.4 The Simplified Method

The Simpiified Method is an approximation based upon a number of simplifying
assumptions about both the external and internal influences upon the column.

The method proceeds in three stages:



Stage 1:

Stage 2:

Stage 3:

14

Isolate the member from the rest of the structure and model the
second order structural effects as local behaviour in the isolated

column.

From the isolated column produce an idealized pin-ended column whose
Jength and eccentricity are adjusted to match the end constraints of
the idealized column. This introduces the concept of effective

length and equivalent eccentricity.

Columns 1in braced frames are treated differently from those 1in
unbraced frames because for unbraced frames the lateral rigidity
depends upon the column stiffness. The secondary moments are thus

likely to be greater in unbraced frames than in braced ones.

Adjust the forces 1in the critical cross-section of the column to

account for the slenderness of the standard pin ended column.

The design of the structural member has thus been reduced to the design of a

single cross section.

There are three methods which may be used to implement stage 3 above. They

are:

(")

The Moment Magnifier method in which the first order column moment is
multiplied by a magnification factor, S , which depends on the load,
P, the effective length, Z , and the bending stiffness of the column
cross section. This is the method used in the current American Code

"Building Code Requirements for Reinforced Concrete", ACI 318-7]

(Ref. 1).
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(2) The Additional Moment Method which 1s similar to the moment magnifier

method in that the load P remains unaltered but differs in that an
additional moment 1s added to the column moment 4instead of
multiplying by a factor. This method 1s used in European Codes such
as the British Code - "The Structural Use of Concrete", CP110(Ref.
3), the German Code - "Beton und Stahlbetonbau, Beme;sung und
Ausfuhrung", DIN 1045-1971 (Ref. 8) and the CEB Code - "International
Recommendations for the Design and Construction of Concrete

Structures”, CEB - 1970 (Ref. 5).

(3) The Reduction Factor Method which magnifies both the moment and the
axial force. 1In effect this 1s a Tload magnification method and 1is
used in the current AS1480/1974 (Ref. 11), the earlier American Code
ACI 318-66 (Ref. 2) and in the current Canadian Code - "Code for the
Design and Construction of Plain or Reinforced Concrete Structures",

CSA A23.3-1970 (Ref. 4).

1.5 Comparison of the Requirements of Various Codes

Five current codes and the CEB Recommendation were chosen for comparison. It
should be noted that the Canadian Code CSA A23.3 1s very similar to the
earlier American Code ACI 318-63. A summary is given in Table 1.1 showing the
method adopted, the slenderness 1imits, the effective load factors and the

design eccentricities.

1.5.1 Range of Application

A1l codes concede that the simplified method 1s T1imited in fits range of
application. Usually if the slenderness 1s below a certain 1imit then
slenderness effects may be ignored (short column) and if above a certain l1imit

then the design must be based on first principles.
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The lower 1imits may depend on a number of additional factors such as:

(1) In AS 1480 for unbraced columns, whether the design is controlled by

tension or compression failure.

Also the method is only allowed if the average stiffness ratio of the
head and foot jJoints is less than 10.

le. Gy = .5(6, +6) ... 1.5.1)
where GA = stiffness ratio at head
G, = stiffness ratio at foot

B



TABLE 1.1 - COMPARISON OF CODE SPECIFICATION

| ! |
| COUNTRY l AUSTRALIA | U.S.A | CANADA U.K | WEST GERMANY | EUROPE
| | |
i
| DESIGNATION | AS1480 | ACI318 | CSA A23.3 | CP110 i DINT045 | CEB Recs
| ‘ I
1 1
| REFERENCE NO. | 11 | 1 [ 4 | 3 | 8 | 5
: a
| YEAR 1974 | 1971 | 1970 | 1972 l 1971 [ 1970
| |
| l
[ | | Moment | 1
| Procedure Used | Reduction Factor | Magnifier | Reduction Factor | Additional Moment | Additional Moment | Additional Moment
|
| ) | Upper 100 i 100 70 150 70 140
| Timit | Lower 20 e e 40 Equation 35
| Load | LL/DL=0 1.5 1.4 1.5 1.4 1.75 2.1 1.5
| Factor | LL/DL=1 1.65 1.5 | 1.65 1.5 Depending on 1.5
[ | LL/DL=00 1.80 1.6 1.8 1.6 Steel Strain 1.5
| Eccent-] Min None 25mm or .10*D| 25mm or .10*D 0.05D None 20mm or D/30%*%x
| ricity| Addit. 25mm + D/100 *kk None None L/300 None
* (22 for Unbraced ) ** (20 for Unbraced *** A proposed change would give .6 + 0.3D
(35 - (M1)x12 for braced) (10 for Braced, Single Curvature)
M2 (27 for Braced, Double Curvature) ***%  OR reduce F'c by 27%

Ll
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G - 2(51/&;) columns
<(E1/fb) beams ... 1.5.2)
(2) In ACI 318-71, the ratio of the end moments M1/M2.
(3) In DIN 1045, the load eccentricity.
(4) In CSA A23.3, whether the column is in single or double curvature.

The choice of the upper 1imit 1s somewhat more arbitrary and depends on the
code writer's willingness to apply the simplified method to high slenderness

ratios.

1.5.2 Load Augmentation

The simplified method is based on increasing the applied loads to account for

the slenderness and each version has its own way of doing this.
(a) Reduction Factor Method: (AS 1480, CSA 23.3)

Both the current Australian and Canadian Codes are based on the earlier
version of the American Code ACI 318-63. 1In the Canadian Code there are 3
separate equations for determining the reduction factor R which depends on
whether the column is braced or not and whether the primary moments produce
single or double curvature. The Australian Code is considerably simpler using

only 1 equation viz:
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R=1.2-00VCL .. 1.5.3)a
r
Where R = Reduction Factor
1 = Effective length
r = Radius of gyration of section

In both the Australian and Canadian Codes, if tension fatlure governs then R
is 1increased, which has the effect of reducing the required design load
increase due to slenderness. This has been allowed because a buckling failure

is less likely to occur when tension governs than when compression governs.

R' =1 - (1-R) P
Pl

b

Where R' = Reduction Factor when tension governs

P = Applied axial load
P'b = Load at which balanced failure occurs
(b) Moment Magnifier Method (ACI 318-71)

In the American Code, the design moment is derived by multiplying the larger

of the head and foot moments (Mz) by the factor F defined as follows:
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where Pc = the Euler Buckling Load

= Elw2 e 1.5.5)
ez

E = Code value for modulus of elasticity
I = Code value for moment of Inertia
P = Applied axial load

¢ = Capacity reduction factor

and Cm = a term to provide an equivalent eccentricity
= 1 for unbraced frames
= .6 + .4 x M1 but not less than 0.4
M2 for unbraced frames ..., 1.5.6)
(c) Additional Moment Method (DIN 1045)

The West German Approach is to calculate an additional eccentricity caused by

the slenderness effect. The final design eccentricity thus has 3 components:

M="P (e0 tep + eadd) ..... 1.5.7)

e, = the primary design eccentricity calculated from the applied
moment

€.dd ° the initial eccentricity caused by "out-of-straightness" of

the member, and is given by:
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€add = _@h
300 . 1.5.8)
e = The lateral deflection at the design cross section and
2
depends on both e, and (Q) as follows:
r
For 0 < g, <0.3
D
e£=Dx(_2_—20) 0.1 + eo
r D
ie@ Y} ... 1.5.9)
For 0.3 < e, < 2.5
D
eg=D x (&-200 L. 1.5.9b)
r
100
For 2.5 < ge < 3.5
D
ep= D x (€-20) (3.5 - &) ... 1.5.9¢)
r___ D
100

Thus although the nominal upper limit for g is 70, higher values may be used

depending on the value of e,-

Note also that 7] and €.dd should have the same sign as e, S0 as to

increase its numerical value.
(d) Additional Moment Method (CP110)

In the U.K. Code, an additional moment Mé is added to the primary design

dd

moment Mo (= Peaw). Ho is derived in a similar fashion as in the ACI
318-71 (Eq 1.5.6) from the head and foot moments as follows:



22

M, = 4 M+ 6 M,
but My -4Myand MM . 1.5.10

The additional moment (for monocaxial bending about the major axis) is given by:

Madd = _PD (L) 2 (1 -.0035) ... 1.5.1
1750\D D
(e) Additional Moment Method (CEB)

In the European code the same provisions as in CP110 apply except that Madd

js calculated depending on the curvature Ku in the column section at failure.

Madd = PKg 22 1.5.12
10

1.6 Worked Examples

The performance of the codes 1s best compared using the results of a number of
identical worked examples. The results given here are taken from references 7

and 9 and only the most relevant are presented.

The worked examples are treated in 3 groups. The first considers the various

methods for treating end effects using the following column section.
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- R " T
1§
F'c = 30 MPa
09D s fsy = 410 MPa
Asc = Ast = .015bD
..[. - ° _L
™ b it |

Figure 1.9: Worked Example Column Section

The second group considers the treatment of an idealized slender pin ended
column so that a comparison can be made between the various method

for treating the slenderness effect.

The third group compares the 1load-carrying capacity of a given column

calculated in accordance with each code.

1.6.1 End Conditions

A1) codes require an effective length td be calculated to allow for the end

conditions of the column where:

éL: effective length

Qe = kéL Qc = column length  ..... 1.6.1

The American and Canadian Codes determine k for the frame in which the column
is situated assuming it to be elastic and subjected to axial load conditions.
They make wuse of the Jackson and Moreland charts (Ref. 9) which were
originally developed from studies of elastic frame stability of steel

compression members.
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The CEB and West German codes are similar in approach to the American code in
that k 4s determined from an appropriate elastic analysis or from a
consideration of the elastic buckled shape of the frame. The British and

Australian codes have adopted similar, simplified methods for determining k.

For Braced frames, AS 1480 gives k the values .75\<k <1 depending on end

conditions and CP110 adopts a similar range.

For Unbraced frames k is greater than unity and is independent of the type of
curvature (single or double) as follows:

2

AS 1480 Kk vV 0.01 G

(1 + .36

A AV) """

cP110 k = (1 + .36

N - mEe

but (2 + .3 6 ,)

Although CP110 1s slightly more conservative than AS1480, the upper 1imit

ensures that realistic values are adopted.

Comparisons of the various requirements have been made in Ref. 9 and are shown
in Figures 1.10 (Unbraced) and 1.11 (Braced). The factor k is plotted against

the stiffness ratio GA as defined in Eq 1.5.1. Values for GB’ at the

other end of the column, are shown on the appropriate curve. Note that for

typical floors when the stiffness is roughly the same at the head and foot,

the use of GAV would be correct. However if GA and GB were unequal the

error in making this assumption may be as much as 40% if GA =0 and

GB = 10 and 22% when GA = 1 and GB = 10.

This disadvantage is offset by the simplicity of the AS 1480 method when

compared with the ACI nomogram.
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§
A

Figure 1.10 - Effective length factor, sidesway allowed
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1.6.2 Failure Curves for Pin Ended Column

Ref. 7 gives a number of charts representing different r ratios which show the
failure curves of the same column derived from the provisions of the various

codes.

From these charts the following conclusions may be reached.

(1) The AS 1480 column provisions are among the most conservative.

(2) The AS 1480 safety provisions (Table 1.1 load factors) are more

conservative than in the other codes.

(3) The additional eccentricity requirement (eadd) of AS 1480 1s seen

in Table 1.1 to be more conservative than the other codes.

(4) In the compression failure zone, AS 1480 1is one of the most
conservative, although this is due partly to the conservative safety

factors adopted.

(5) The codes which use the reduction factor method (AS 1480 and CSA)
show large differences 1in the tension failure zone when the ¢
ratio 1s high. This is due to the way in which the reduction factg;
R and the capacity reduction factor simultaneously vary with

increasing value of e.
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1.6.3 Ltoad Carrying Capabilities

Figure 1.13 shows a line chart comparing the load carrying capabilities of the

same column as calculated using the provisions of the various codes. It

should be noted that an 1/r ratio of 100 1s the upper 1imit allowed by AS1480.

P/P_
0.7}
Ultimate

0.6 ]
0.5 |

1 _cp
0.4 1 | - ACI CSA CEB DIN __Ultimate
0- 31
O.ZJ |- cP

| AS |- ACI CSA CEB DIN
0.1 |

|__1_ AS
¢-=o0 ¢ =100
r T

Fiqure 1.12 Safe lLoads e/D = 0.7
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1.7 Alternative Method for Buckling Load of a Very Slender Column

Ref. 13 gives an alternative method for calculating the buckling load of a
very slender column. It 1s more accurate than the usual Euler approach in
that the effect of the non-linear stress/strain relationship 1s taken 1into

account.

1.7 Assumptions

The developed theory makes use of the following assumptions (Ref 13):

(a) Plane sections remain plane

(b) Perfect bond exists between steel and concrete

(¢) Shortening under direct loads does not affect the geometry

(d) Reinforcement 1s elastoplastic

(e) The effect of strain hardening and relaxation of steel may be ignored

1.7.2 Method

The method 1s based on a fourth order polynomial describing the deflected
shape of a slender reinforced concrete column pinned at both ends and loaded
axially. The coefficients of this polynomial were determined by statistical

curve fitting methods applied to experimentally measured deflection profiles.

y =a, x +a (x4 - 2Lx3) ..... 1.7.1
1 4
Where y = deflection
x = increment along length
3y, 3, = coefficients
L = Length
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Using the polynomial, the buckling load 1s given as follows:

N (Axial load) = oKECI ... 1.12.2)
LZ
where a = 48a,L? shown in Figure 1.14
8a - 3a L°
1 4
K = A factor shown in non dimensional form in Figure 1.13 to account for

the following:

(a) Initial crookedness and other imperfections

(b) Relationship between the cylinder strength and the in situ

strength

(c) Casting positions of columns

Ec = Initial Modulus of Elasticity of the concrete cylinders

I = Eqﬁ1va1ent Moment of Inertia of a very slender column accounting for
effect of the steel

L = Equivalent length

a is a geometrical dimensionless factor similar to #° in the Euler

formula except that it varies with the slenderness, ratio - see Figure 1.174.
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1.7.3 Consideration of Creep

From observation of long term behaviour, the above buckling fallure loads were
found to be unsafe due to the effect of creep (Ref. 13). Further long term
statistical analysis enabled the derivation of the following reduction factors
which, when multiplied by the result from equation 1.12.2 gave the recommended

safe axial load:

for *30<UDga0yRrR=1.21-.02228 ... 1.12.1

1e 100 <&/r < 133 ) D
w<bpg19)yr-.48-.004¢8 .. 1.12.2
133 <¥/r <263 ) D

* Note that below Q/D = 30, the normal code provisions apply.

T X K
A°
x = experimental values
0.65 . "x *
x
® ud ’i g
x z %
0.60 g x
x
0.55+ =
x
0.50 4— : r v ¥ - a/D
30 40 50 60 70

Figure 1.13 Variation of K vs Slenderness ¢/
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Fiqure 1.14 Variation of « Vs Slenderness Q/D

Note that r 1s approximately equal to .3D and so the above graphs are

valid for an % ratio from 100to 263.
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1.8 Comparing the Rationality of ACI and DIN/CP

The ACI magnifier method, which suggests that the loads on a column are
amplified by the slenderness effect, appears to be more logical than the semi
empirical moment addition method used in DIN and CP. However the ACI approach

could be criticised on the following grounds:

(1) The evaluation of EI, and hence Pcr’ uses empirical equations of

Timited accuracy.

(2) The ACI equations follow the linear elastic approach which leads to a

very complicated sequence of design equations.

1.9 Shortcomings of the AS 1480 Method

The present AS 1480 slender column requirements deal inadequately with the

following items:



(M)

(2)

(3)

(4)

(5)
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Secondary floor and beam moments 4induced by secondary column
bending. These may be significant and ACI, CP and CEB require them

to be considered.

Biaxial bending. CP110 and ACI 318-71 contain various simplified

procedures for biaxial bending.

The adverse effects of creep. This is specifically accounted for in
ACI, CP and DIN while AS 1480 has obviously allowed for 1t in the
choice of R. DIN accounts for creep by the specification of an
additional eccentricity. This approach 1s a good model of the

physical effect of creep and is still simple.

Overall stability. AS 1480 deals exclusively with single columns and
no storey by storey check on stability is specified as 1is given in

the ACI code.
The slenderness of a column which is fully fixed or p1n—ended. No
provision 1s made in AS 1480 for such columns and they should be

provided perhaps along the lines adopted in steel design.

Conclusions and Recommendations

The advantages of the AS1480 method are:

(1)
(2)

It is simple to apply

The concept of an additional eccentricity, which must be added to the
design eccentricity, is to be preferred to the alternative concept of
minimum eccentricity. 1In this way, the various effects explained in

Section 1.3 are more logically taken into account.
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The disadvantages of the AS 1480 method are:

(M)

(2)

(3)

1t is conservative over the whole range of its application

It is less rational than elther the additional moment or moment

magnifier method

It gives unrealistic results at the 1imit of the stated range of its

application.

Although the AS 1480 method is much less complex than the ACI magnifier method

it is not significantly simpler than the moment addition method of CP and

DIN.

The merit of CP and DIN 1ies in the choice of simple expressions and not

in any basic difference between moment magnification and moment addition.

It is therefore recommended that in future revisions of AS 1480, consideration

be given to the following:

(1)

(2)

(3)

Removing the shortcomings Tisted in Section 1.9

Reducing the load factors. This will reduce the conservatism of the
current provisions which give a safe load typically 15 to 50 percent

lower than calculated by ACI 318-71.

Adopting the moment addition method as used in CP and DIN. This
would allow greater rationality while maintaining a fair degree of
simplicity. A consistent approach could be achieved by allowing for

the following eccentricities:
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(a) €o - to give the applied moment (= M)
P
(b) €. dd - to allow for out-of-straightness
(= 25mm + .01 x D)
(c) ey - to represent column deflection
(d) ecreep -~ to allow for creep

This section would then be designed for an internal force consisting

of :
P = Axial Load
M="P (eo + eadd rey ot ecreep) ..... 1.10.7)
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 2- INTEGRATION WITH GENESYS

2.1 Introduction

The CP110 design module currently used by GENESYS for Reinforced Concrete
Columns is to be replaced by a more efficient version complying with AS 1480.
This replacement module is shown in basic detail in Section 3 and in greater

detail in the Programmer's Reference Manual, Appendix 5.

To enable this replacement module to be successfully integrated with GENESYS,
it must conform to certain conventions relating to variable names and

information to be passed between the various sub-programs.

This section shows how the module developed in Section 3 is integrated with

GENESYS. It also shows how the original CP110 module operates and how

efficiency has been improved.

2.2 Explanation of Column Subsystem of GENESYS

2.2.1 Introduction

A1l GENESYS subprograms which are relevant to column design and detailing are

held within the subsystem called RC-COLUMN/1.
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The original version of the subsystem (before alteration to conform to AS1480)

contained 21 subprograms identified by both name and number.

The programs dealing with rectangular column design and analysis which were
rewritten by myself to conform to AS 1480 and to achieve an 1increase in

efficiency are:

. Program 52 OVERLAY "RC22"

. Program 54 OVERLAY "RC24"

In the original version, program 54 dealt exclusively with Blaxial 1loading
design and although the programming for the replacement module could be placed
in one module it was decided to retain both OVERLAYs to provide adequate
storage for the 2000+ coefficlents required for the replacement module. This
ensures that the coefficients are not held in primary storage when they are no
Jonger needed - the program enters the next OVERLAY once the correct subset of

coefficients has been stored.

A summary of programs in the original version of RC-COLUMN/1 is shown in Table

2.1.

2.2.2 PUBLIC Variable System

To facilitate the passing of information between the various sub-programs
GENESYS uses PUBLIC variables. These are similar to COMMON variables 1in
FORTRAN but they have the advantage that they do not have to be DIMENSIONed
and they are held in virtual storage. Thus unlike COMMON they are not part of

the program and they may be expanded or reduced at will.
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As with COMMON variables, PUBLIC variables have a blockname and a variable
name. The block names used in the column subsystem and the programs which

have access to them are shown in Table 2.2.

2.2.3 Operation of Column Subsystem

The sequence of events involved in the operation of the column sub- system is
quite complex and a detailed account is not warranted here except to say that
the subprograms are performed 1in basically the order of ascending program

number.

This implies that any program which has a number higher than 52 may have to be
checked to determine the effect of changes to program 52. In fact because of
the way the PUBLIC system is organised it is only necessary to determine how
the original module accessed the PUBLIC store and then to ensure that the
replacement module acted T1likewise. This also included determining how
subsequent programs use the information passed into the PUBLIC store accessed

by program 52.
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PROGRAM TYPE ] TITLE FUNCTIONS
10 PROGRAM CONTROL List Subprograms
12 OVERLAY | RELEASE | Initiate message beginning subsystem
13 DEFINITIONS T RC-COLUMN/T Set table headings and FORMAT statements
15 OVERLAY MRADA Assemble entry point, bases, walls and beams support check
16 " MRADB Assemble column, column sections, complete assemble command initiate
distribution and summarise
20 " MINIT | Set design options, material propeties and reinforcement costs
25 ¥ MSLECT | Select entry point, select slabs, flat-slabs and columns
27 " MRAYT | Print command and other suppressible output
28 " | MRAY?Z | Assign titles of output tables in "MRAYI"
37 5 MSUM | Column load summation and entry point for design
38 . MCGEOM Column design - extract geometry from data bank
39 s MCLOAD Calculate loading combinations and initiate design
40 g MSTORE Store column geometry in interface
50 & MAIN-COL-DESTGN Primary design module
51 " CIRCULAR COLUMN Design of circular columns
52 " RC22 Rectangular column design - monoaxial
53 " COLUMN DETAIL Detailing routine
54 " RC24 Rectangular column design - biaxial
80 " CRC DETAIL Detailing of circular columns
81 < REC COL DETAILING | Detailing of rectangular columns
82 " REC COL SCHEDULE | Scheduling of rectangular columns

Table 2.1 - Summary of Subprograms in AS-Column/1
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PROG | TITLE | PUBLIC BLOCK NAME |
l | 7BEAMS/ [/CCD/[CIRC1/[/CIRC2/T/COLUMNS/ [ 7COMMON/ [/CR/T/FLAT//RCD/ [/RCSYS/T/SBLK/ [SLABS/ |
T0 | CONTROL [ I I
12 | RELEASE | | I I I | | | I | I | [
13 | AS-COLUMNS/1 | | | | | | | | I | | [ I
15 | MRADA I I | I | il = I I I I I I I
16 | MRADB | | | | | | [ I I | | | |
20 | MINIT | * | I | | * | I * I | | *
25 | MSLECT I | I | | | I I | | | | |
27 | MRAY1 | * | | | | * | * I |* I ] * I * |
28 | MRAY2 l I | | l o * I I I | I I
37 | MSUM I | I I I | | | I | I | I
38 | MCGEOM I | I I I I I | | I I I |
39 | MCLOAD I | I | I | * I | I | I I I
40 | MSTORE | | I I | | = | | I [ | | I
50 | MAIN-COL-DESIGN | | * | | * * | * b* ] b * | * | | I
51 | CIRCULAR COLUMN | | | * ] * | * | * | * | I I | | |
52 | RC22 | | | | I X | [ x| I | x| I |
53 | COLUMN DETAIL | | | | | * I | | I I | | |
54 | RC24 I I I [ I X | [ x | | | x| | I
80 | CRC DETAIL | x| * I | * | = [ * | I | | | |
81 | REC COL DETAILING | * | i | | * | = | * | | * | I I I
82 | REC COL SCHEDULE | 1 I I { = | I & I H L E I 1
I I I |

Table 2.2 Public Blocks accessed by programs in RC-COLUMN

*

accessed

X:

accessed by altered program

LY
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2.3 Explanation of Original Module for Rectanqular Column Design

2.3.1 Introduction

The original column design module is contained within OVERLAYs 52 and 54 and
consists of 20 subroutines of which 5 are used by both OVERLAYs. These

subroutines are summarised in Tables 2.3 and 2.4.

2.3.2 Design Philosophy

The module allows for a minimum moment value of 0.06Pd in the appropriate
direction and if both moments exceed a value of 0.03Pd then the column is
designed for biaxial bending. Note that P is the applied axial load and d 1is

the effective depth of the column section.

Six different bar sizes in the range 40 to 12mm are used and it is possible to
have two different bar sizes in the column - this will not be allowed in the
replacement module because it is felt that the added complexity 1is not worth

the steel saved.

The procedure then involves first sorting (and discarding redundant loads) the
loads into descending order of applied axial load. Some improvements of this
sorting procedure have been suggested 1in the current module's operation

handbook and they have been included in the replacement version.

4 bars are selected so that they do not exceed the largest size permitted by
the user and so that their area does not exceed 6% of the gross concrete area

and that they do not violate the spacing limitations.
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The first load case is then selected (the one with the highest axial load) and
a series of design solutions is generated with different size corner bars (and
internal bars 1if necessary) so that the given area 1s within 15% of the
required area. This 1imit has been chosen to ensure an economical design.
Note that this requires an 1iterative solution because the neutral axis

position depends on the amount of steel present.

If the load is biaxial, the column is designed for an equivalent combined

bending moment as specified in AS1480.
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| l I I

Serial | Subroutine Name | Size in | Tasks |
| | Statements | |

| | | Main entry routine, control the calling |

1 | CENTRY | 143 | sequence for performing the analysis and |
| | | design on the column 1i1ft under con- |

| | | sideration. |

| | | Initiates the analysis and design by |

3 | DRIVER | 192 | calling the appropriate routine for the |
| | | load case under consideration. |

| | | Sorts the load case in the descending |

3 | SORT | 129 | order of the axial load applied. Also |
| | | eliminates the redundant load case in |

| | | the loading arrays. |

4 |_FNL | 3 | General utility function. |
5 | BCLASH | 33 | Beam bar clashing avoidance routine. |
| | | Calculation of the effective length of |

6 | EFLTH | 58 | the column under consideration. |
| | | For the complete analysis and design |

7 | MONDAXIAL | 306 | of the column subjected to mono-axial |
| | | load cases. |

| | | For calculating the additional moment if |

8 | . ADD | 32 | column under consideration 1s slender. |
9 | FNI | 3 | General utility function. |
10 | STCALC | 517 | Initialises the solution table. |
| | | To define the neutral axis for the |

1 | ITERATE | 179 | column cross-section in order to cal- |
| | | culate the nearest area of steel that |

| | can carry the load under consideration. |

12 SEARCH | 50 | Adjustment of the neutral axis position. |
| | | Arranging the steel area computed |

13 | ARRANG | 51 | according to the alternative bar sizes. |
| | | Calculate the critical load value for |

14 | KRITICALD | 50 | the different bar combinations obtained. |
| | | Calculate area of steel for 1ightly |

15 | SPCL | 88 | Toaded columns. |

Table 2.3 Subroutines contained in original OVERLAY 52

Note that in the latest version of RC-COLUMN/1, OVERLAY 52 has been broken up
into a number of smaller overlays. However, the design philosophy remains the

same.
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| I |
Serial | Subroutine Name | Size in | Tasks
| | Statements |
I l l
| | | Entry to the overlay, it completes the
1 | BIAXIAL | 256 | analysis and design of the column
| | | under consideration which is subject to
| | | blaxial load cases.
| | | Initiates the calculation or checking of
2 | LAP | 370 | each load case.
| | | For calculating the additional moment
3 | BIADD | 41 1f column under consideration is slender.
4 | FNI 3 General utility function.
5 | FNL 3 | General utility function.
6 | STCALC | 51 | Initialises the solution table.
| | | To define the neutral axis for the
7 | ITERATE | 179 | column cross-section in order to
| | | calculate the nearest area of steel
| | | that can carry the load under consider-
| | | ation.
8 | SEARCH | 50 | Adjustment of the neutral axis position.
| | | Arranging the steel area computed
9 | ARRANG | 517 | according to the alternative bar sizes.
| | | Calculate the critical load value for
10 | KRITICALD | 50 | the different bar combinations obtained.

Table 2.4 Subroutines contained 1n original OVERLAY 54
(Biaxial Load Design)

* Note that i1n the latest version of RC-COLUMN/1, OVERLAY 54 has been split
into a number of smaller overlays.
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Subsequent load cases are all checked against the generated solutions which
are revised i1f necessary by the addition of extra face bars. A solution may
be marked as "not possible" 1f 1t exceeds the required area by more than 15%

or iIf 1t violates the spacing requirements.

The solution chosen for detailing 1s the cheapest (accounting for the
variation of cost due to bar size, lap length and 1ink size and spacing)
unless the user has specified a preferred size in which case the cheapest

solution with that size of corner bar will be chosen.

2.3.3 Selection of load cases for Design

The subroutine which performs the load sorting function is called SORT and is

not to be confused with the SORTL routine used in the replacement module.

It is one of the three routines from the original module which have been
retained (although in altered form) for use in the replacement module. It
appears as the routine SORT in the replacement module and is discussed fully

in Section 3.9.

2.3.4 Avoidance of bar clashing

This 1is the second of the three routines retained from the original module.
Its operation is described in Section 3.6 under the routine BCLASH, and in

greater detail in Appendix 6.
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2.3.5 Calculation of effective lengths

This 4s the third routine retained from the original module. 1Its operation is

described in Section 3.5 under the routine EFLTH.

2.3.6 Basic Flow Chart

A diagram showing the subroutine calling sequence of the original module is
shown in Figure 2.1 and may be compared with that of the replacement module

shown in Figure 3.2.



48

FIGURE 2.1 Subroutine GCalling Sequence of Original Module

Note: Some routines bhave been shown twice for clarity
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2.4 Detalls of (Original Module/Public Variable) Interaction

In order to integrate the replacement module a proper understanding of how the
original module relates to 1itself and other parts of GENESYS 1s required.
Although a number of 1local variables are used they will not be considered
because they are used in the internal workings of the programs and not in the

passing of information.

Table 2.2 summarises the PUBLIC block names accessed by programs 1in
RC-COLUMN/1. As shown, only variables in the following block names need be

considered:

. /COLUMN/
. /CR/

. /RCSYS/

In addition, variables within these blocks which do not apply to rectangular
columns have Been omitted from consideration, and those parts of array
elements which do not apply have been marked as not relevant. This includes

parts referring to circular and L-shaped columns.

The variables used in /COLUMN/,/CR/,and /RCSYS/ are described in detail in

appendix 5. Access to them is shown in Table 2.5.
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Table 2.5 Public Variable Usage Summary of Original Module
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Table 2.5 Public Variable Usage Summary of Original Module
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Table 2.5 Public Variable Usage Summary of Original Module
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Table 2.5 Public Varlable Usaqge Summary of Original Module
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2.5 Details of Information Supplied to System by Original Module

2.5.1 Introduction

This section discusses the information which is supplied to the system by the

original module and which must therefore be supplied by the replace module.

2.5.2 Subsystems Involved

From Table 2.2 the following subsystems were examined because they have access

to the same PUBLIC blocks as does the original module:

(a) Program 27 "MRAYI"

(b) Program 50 "MAIN-COL-DESIGN"
(c) Program 53 "COLUMN DETAIL"

(d) Program 81 "REC-COL-DETAILING"

(e) Program 82 "REC-COL-SCHEDULE"

2.5.3 Variables Involved

Table 2.6 1ists all of the variables in the BLOCKS /COLUMNS/, /CR/, /RCSYS/
which are used by the above overlays. It indicates whether they were set in

the original module and, if so, by which particular subroutine.
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Table 2.6 Variables in BLOCKS /COLUMNS/, /CR/, /RCSYS/ used outside of

original module

Name of Subroutine(s)in

Name of Subroutine(s)

[ | I |

I | I |

Variable | which variable is set | Variable | in set which |

l I I variable 1s [

| | | |

| | | |

/COLUMNS/ | | /CR/ (Contd) | |
| | | |

CSP(,) | Set in interface | CLD(,) | DRIVER; MONOAXIAL; |
| | | BIAXIAL; LAP |

I | | |

GL() | | cov | CENTRY |
| I I |

GL(,) | U | DIAM() | DRIVER [
| | I |

IP(,) I " | FCU | CENTRY |
I | | |

KOLUMN | " | FK(,) | MONOAXIAL |
I I | I

P(,) I " | FY | CENTRY |
| | | |

ST() | " | IBARS(,) | MONOAXIAL; STCALC; |
| | | ARRANG; BIAXIAL; |

| | | |

MS() | " | ICNT | MONOAXIAL; STCALC; |
| I | ) |

| | NOER() | MONOAXIAL; SEARCH; |

| | | BIAXIAL |

/RCSYS/ | | | |
I I I |

| | NOWR () | MONOAXIAL; BIAXIAL |

| I | I

ISPCL | DRIVER | | I
| | NUTRAL | ITERATE |

SLD(,) | DRIVER | | |
| | PCLD() | DRIVER; MONDAXIAL; |

| | | |

| | TBLE(,) | MONOAXIAL; STCALC; |

/CR/ | | | BIAXIAL; LAP |
| | I |

AA(,) | DRIVER | XSL | BCLASH |
| | I I

| | YSL | BCLASH |

| | I |

B1 | CENTRY | ALP() | LAP |
| I I |

B2 | CENTRY | I |
| | | |

| | |
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2.6 Details of Public Block System adopted for Replacement Module

2.6.1 Introduction

The Public Block system remains essentially the same in the replacement module
as for the original module. It was not considered feasible to reduce the
number of Public Blocks because each is used elsewhere in the system. However
the variables within the blocks have been altered to remove those which have
become redundant and to add several which are needed by the replacement
module. The following parts of this section examine each Block separately and
indicate which variables have been retained, deleted or added. A complete

summary is shown in Table 2.7.

2.6.2 Block/COLUMNS/

A11 have been retained.

2.6.3 Block/RCSYS/

Remove ISYS, LDBI(I) and retain all others. Note however that ISPCL has no

significance because the term "light load" has no meaning under the design

philosophy of the replacement module. However it 1is used elsewhere in the

system for reference so it 1s retained but set to zero.

2.6.4 Block/CR/

The following variables have been retained, + indicates that the variable is

used only by the system and is not really necessary for replacement module.
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-AA(,) + -FY
-ASC -IBARS(,)
-B1 ~ICNT
-B2 -1ERR
-CLD (,)+ ~-TWARN
-Ccov -KSXY
-DIAM () -NB1
-EL -NB2
-EX -NOER ()
-EY ~-NOWR( )
-FCU -NUTRAL
-FIVE -PCLD()
-FK(,)+ -PP(,)
-SXY(,)
-TBLE(,)
~-XSL
-YSL
-ALP()+

The following variables have been omitted:

~ACRIT _NBI
_ADW() NT1
-B _OR
_CONS1 -0u
~CONS3 ~PHI
-CONS4 -SFS]
_CONS5 _SFS2

-CRITLD(,) -SFS3
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_H -ZUN()

~INIT ~CAM()

-12 ~CATM()
-MBI -CA2M()
-N60

The following variables have been added, a complete description of which

appears in the Programmer's Reference Manual, Appendix 5.

BIAX(,) : Contains the considered Biaxial Load cases

COEFB(,) : Contains the coefficients of the balanced failure 1ine
shown on the design charts

COEFP(,,) : Contains the coefficients of the equations representing

the failure curves on the design charts

ECX : Initial eccentricity in X-direction

ECY : Initial eccentricity in Y-direction

IBIAX . Initial number of Biaxial cases found

IFLAG . Pointer to the Loading type being considered
IMON : Initial number of Monoaxial cases found
MONX(,) :+ Contains the considered Monoaxial-X load cases
MONY(,) : Contains the considered Monoaxial-Y load cases

NBUNDX() : Contains the number of bundied X-Face bars (if bundling
is permitted)
NBUNDY() : Contains the number of bundled Y-Face bars (if bund1ing

is permitted)

NSYSB + Total number of Biaxial Load cases in BIAX
NSYSX + Total number of Monoaxial-X load cases in MONX
NSYSY . Total number of Monoaxial-Y load cases in MONY

PMAX . Intercept of P=8% curve on the P/BD axis on Design charts
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PMIN : Intercept of P=0% curve on P/BD axis on Design Charts
(= 0.595 * FCU)
STEELP(,) : Steel % to cover all loading cases

SLOPE() : Slope of failure curves at the instant they cross the

M=0 axis
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Table 2.7 Public Varlable Usage Summary of Replacement Module

S = Set by, U = Used by
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Table 2.7 Public Varlable Usage Summary of Replacement Module

Destroyed by

D =

Used by

U

Set by

S

LDODZx oo 2
wDO©TZ oo e
Q< O
o2 e 2 o pus | pus juen ] o pu} pom]
noeek dJd oD
S T S [ S S S ————— AR T e RS LS e B LSSt
" L XL ZD %} =2 =2 %] o} pe (%] %]
F)—-—] . e——————e—ee—e—— — ——_—_——__—_ e —— e e e e e e e e
<C
z w - Z 0o 2
we—— e —————————————————— —————————————— — — — —— — — —
=
OO Jd 0L O puo ] =2 72 [%2] o) 78]
m!I]IlllI|I|I|II'|II]|II||||IIIII.IIIIllIlIIllIIlllll‘lllllll]ll‘lll
o
o oo
Q0
w!']lll.llll-]lllllllllllallllllllllllll|Ill||l|||l]Illlnllllllllllllllilll
Qo> e (7] pu o %] %) > oD e} 7] o
>0 o} pue | (7] %] > =2 pan |
DO JLWV I > >
e - > =2 ) (%] (%]
QW Z - > (%] %2} V) V]
w
-
[<a]
<C
— —~
=4 — - —_
<C — - IS > i
> - — ~r ~— — (&) ~
—_ ~r - [=a] o ~— [} — %] ><
~ - >< ~—r . [ = - d - [= 4 <C
o ~ (& <C [} wt ul > <t > o > ~— <L —
(&) <L 73] — o - | o Q o — [ - > > (&) = h 4 > [oe] [=a]
~ <L Lo [-a] [2a} [=a] (&) (&) (&) (&) [==1] [FW] (9] d Lt [T [T, [T L Pt —

e e —— e ——————— — ———————— ———— ————— — — ————— e e M M S S, S S S S i i ==



62

Table 2.7 Public Varilable Usage Summaryof Replacement Module

Destroyed by

D =

U = Used by

Set by

S =

wIOZouoo =2
— — g Sll.l.l Slllllnlllllnl.lnllll.
w O Z o o o~ -
e e — . i ] o —— . o e . e e . e e e e e . e e S e e . e e (T} e = Y — — ———— —————————
c T =~
O JLo > o— Q ~— T
— <4 — Q
—_—_———————————— e e e e —_——————————_—_—_—_—— — — O P — O P —m——— e
S o [ =3 o
2 wo o I E T e 7]
o s a E
— e e e e e ] e e e s — —— . o ——— ————— ——————— — o — e ————— e —— ——
“— o G
NoXpkF—J o -— O
h S
o L xXxxELCZD [%2] wn = =2 =2 (%] %) w v
MIIlIIIlIIIIIII.II'II!II!II'II‘.I‘.III"I'IlIlIIllll'lll]llllllll]lll]]ll‘ll
= L —2Z 00 [} v =2 =2 %) pus pun o
Ellllllllllll.llIllllllllllll]]llll.llIlllll!‘lllll]Iallllilll‘ll
=
n Lo JJO0OCLo %2} %] 78] (78] %) n V8]
N————————_T ) _—_——_—_—_—_—_—_—_—_——————————————_————_—_————— — —— — — e e e T T
o
o o o |
2=
HNf————-e—_—_,—_——_—_—_—,———,—,—————————————_——————————_—_—_— e ————— — — — e — —
(7]
[= = - N FE = 4 73] 7] V) %2} (%}
- >0 (%2 (%} [Ve] (%]
DO JLN I =2 78] %]
W T pums
QW EZ - o > v [} V) (%] 78]
wut
- —
[=a] ©
<< +
— =
R 0 Pan —~~
Lo (&) — —_ ~— ~
- ~ - - > > —~ — |
(1s) = ~ ~r [a=] [==] ~ ~ [aa] > >= <L
~ = o <L o = > > >= = = o =4 [%2] %] 12 [2d
-4 = o - <T [=] > = = — o — =1 > wd = > > >= =
[ (& w (S = = ) (=] (=] =) [aa] = o [=a) =] o [%2) [%2) V) =
~ =t — - = —t po4 x = = -4 =z = = = = = = = =




63

Table 2.7 Public Variable Usage Summary of Replacement Module
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2.7 Conversion of Replacement Module Output for use by System

2.7.1 Introduction

Because the replacement module tackles the design in a different way the
initial output is different from that of the original module.The replacement
module calculates the bars required directly whereas the original module works
by adding one bar at a time until the column possesses adequate strength. For
this reason the output of the program detailed in Section 3 1s not immediately
compatible with the rest of the system. This section explains how the
replacement module output is tailored to meet the requirements of the rest of

the system.

2.7.2 Subroutines Involved

A1l of this output modification is done in the Subroutine ARRANG because it is

here that the design solution is determined.

2.7.3 Variables Involved

The variables involved are listed below and are those variables appearing in

Table 2.6 which have not already been set by other parts of the module.

IBARS(,) ALP()
CLD(,) ICNT

FK(,) TBLE(,)
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2.7.4 Method of setting the variables

A1l variables are set just before leaving ARRANG.

2.7.5 variable CLD(I,J)

This contains the computational results of Tload case J in array SLD(,). The
values for 1 = 2,8 are set in DRIVER as in the original module. I = 1
contains a "0" if the load case is not critical and "1" if the load case 1is
one used for determining the steel. The load case numbers used for

determining the steel are held in the array STEELP(I,2),1=1,3 therefore set:

poI =1,3
CLD(1,STEELP(I,2))=1 (Note that a dummy integer variable

1s used for STEELP)

CLD(I,I),I = 9 and 10 contains the design moments. In the original module

these were set in DRIVER but now they are set in ARRANG as follows:

DO I = 1,NSYS

CLD(9,3)=CLD(7,3)+CLD(6,3)*ECX * 107°

CLD(10,J)=CLD(8,J)+CLD(6,J)*ECY * 10_6

Design Moment = Applied moment + Force * eccentricity

2.7.6 Variable FK(,)

This 4s the adjustment factor finally used in the original module 1in

conjunction with the additional moment induced in the column by its deflection.
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This variable 1s thus meaningless 1in the terms of the replacement module
because here the initial eccentricity is independent of the steel. However
the variable must be retained because it 1s used elsewhere in the system. It

i1s set = -1.0 for all members.

2.7.1 Variable IBARS(I,J)

This contains the number of bars required for arrangements obtained in the
run. It 1s initlalised to contain the symbol "BL" for all bar sizes. The
replacement module version is simpler than the original module version because

all arrangements contain only bars of the same size.

J =1,7 : Corner bar size (36mm to 12mm)
I =1,7 : Intermediate bar size in X-direction (36mm to 12mm)
I = 8,14 : Intermediate bar size in Y-direction (36mm to 12mm)

In the replacement module the number of Y-face bars s = IFACEY(I) and the
number of X-face bars = IFACEX(I). Note that two of these bars are corner

bars.

The replacement module indicates an invalid solution by setting

COST(1) = 10 000. Thus before setting IBARS(,) first a check must be made

that COST = 10 000.

2.7.8 Variable ICNT

This is the number of design solutions obtained for the column. It is set

while setting IBARS(,) as above.
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Variable TBLE(I,ICNT)

This contains the analysis results of the column. ICNT 4s the solution number

and may range from 1 to NT1, the maximum user permitted bar size. If there

are no valid solutions then ICNT=0 and TBLE(,) is undefined. 1 ranges from 1

to 9 and takes the following values (provide that COST(J) = 10 000):

I=1
=2
I1-=3
1-4

This is the area of steel required when using the bar diameter

specified as TBLE(7,ICNT)

In the replacement module, this area is 1independent of ICNT and so

set TBLE(1,ICNT) = maximum steel required.

This i1s the Applied moment direction
= 1 for monoaxial-x; =2 for monoaxial-y; =3 for biaxial. It is set
according to whichever requires the larger steel area. However it

must be noted that although one direction is indicated, significant

" moments in the other direction may also occur.

Again this value is independent of ICNT.

This 4s the value of the design moment in the X-direction and is

independent of bar size.

TBLE(3,ICNT) = CLD(9,STEELP(1,2))* B1 * 822 b 10_6 kNm

As for I = 3 but in the Y-direction.

TBLE(4,ICNT) = CLD(10,STEELP(2,2))* 812 * B2 * 10—6 kNm
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1 =5: This 1s the value of the design axial load and is independent of bar

size. Because the axial load may not be the same for the Mono-X and

Mono-Y cases, it has been decided to set it to the maximum.

TBLE(5,ICNT) = MAX(CLD(2,STEELP(1,2)),CLD(2,STEELP(2,2))) kN

1 ==6: This 1s the maximum allowable moment in the X-direction and depends

on the bars present. In calculating this value, the axial Toad

applied is that used in determining the steel required.

The algorithm used in this calculation relies on the assumption that,

at a particular axial stress value, the distance between adjacent

steel % lines is independent of the steel %. The algorithm is shown

in detail at 1ine 588 of ARRANG in Appendix 4

I1=71: This is the bar size marker and is set to the bar diameter.

TBLE(7,ICNT)=(8+(4x(NT1-J+1)))

whered = bar size indicator

1 = 8: This is the maximum allowable moment 4n the y-direction. The same

procedure as in I = 6 is used.

I =9: This 1s a table marker, set = ICNT.

2.7.10 Vvariable ALP(,)

This 1s the value of ALPHA used when combining the moments to create blaxial

load cases. In the replacement module it is independent of bar size.
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In the CP110 version for biaxial design the moments are combined as follows:
]
Xz
oL o
Mo =|(M,) + (M) sns 2l
In effect, AS1480-1974 has adopted o =1 for all cases thus:

ALP(ICNT, ICNT) =1

2.8 Adaption of Original Module Subroutines to Suit Replacement Module

2.8.1 Introduction

0f the 15 subroutines making up the Original Module, 5 have been retained
either whole or in part for the Replacement Module. This section discusses

what changes, if any, are to be made.

2.8.2 Structural Changes

As discussed previously a major structural change has been made to cater for
the storage "of the chart coefficients. Briefly this i1s to put CENTRY, EFLTH,
BCLASH and RTVP in OVERLAY(52) and the remaining ones fin OVERLAY (54). The
previous module had most of the program on OVERLAY (52) and just the biaxial
programming on OVERLAY (54). This new arrangement does not have the
considerable duplication of program that was previously required. The
SUBROUTINE CENTRY now contains a PERFORM statement to effect the jump to the

second overlay.
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Subroutines Involved

The following subroutines were retained unaltered:

EFLTH, BCLASH, SORT.

The following required modification:

2.8.4

CENTRY, DRIVER.

Subroutine CENTRY

The following summarizes what is retained or omitted:

(a)

(b)

(c)

(d)

Adjust the Public variable List to suit.

Retain all programming, including initialisation of certain
variables, calling EFLTH and BCLASH,creation of the design loading
array by the combination of the head and foot moment, and retrieval

of -the material properties for the current 1ift.

Add a call to the subroutine RTVP to retrieve chart coefficients.

Add a PERFORM command to transfer control to OVERLAY 54 "DRIVER" when

OVERLAY 52 is complete.
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Subroutine DRIVER

The following summarizes what is retained or omitted:

(a)

(b)

(c)

(d)

(e)

(f)

Adjust the Public Variable List to suit.

Remove the initialisation of: RFCU, SFS1, SFS2, SFS3.

Change the units to Newtons and millimetres.

Create sorted load array as before - CALL SORT.

Transfer all loads from SLD(,) to SLDTEMP(,) and then back to SLD(,)
in their correct order (of decreasing axial load). At the same time
loads which were indicated by SORT to be redundant are omitted and
NSYS is set to the revised number of loads in SLD(,). Note that
redundant loads have been given an axial load value less than 0 by
SORT. (See Section 2.1 Engineering Logic). This 1s necessary
because in the original version, DRIVER took the loads from SLD(,) in
their correct order and initiated the design sequence. The actual
order of loads in SLD(,) was unimportant. In the replacement
version, DRIVER has no control over the order of consideration hence
the loads are put in their correct order in SLD(,) before the design

sequence is called.

Remove the programming which includes loadings from the column 1ift
above as given in Section 2.1. This is indicated by a test for the

status of KOLUMN.



(9)

2.8.6

(a)

(b)

(c)

2.8.1

(a)
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Add the following (with appropriate error detection):

CALL COLLOAD

CALL FINDP

CALL ARRANG

PERFORM ' '"MAIN-COL-DESIGN'' CROUT

Overlay 52 "RECTANGULAR COLUMN" RC 22

Delete the following subprogram list:

CENTRY, DRIVER, SORT, EFLTH, MONOAXIAL,

SEARCH, ITERATE, STCALC, FNI, FNL, BCLASH.

Add the following subprogram 1ist:

CENTRY, EFLTH, BCLASH, RTVP.

Delete DRIVER from the ENTRIES LIST.

Overlay 54 "RC24"

Delete the following subprogram 1ist:

ADD,

KRITICALD,

ARRANG,

BIAXIAL, LAP, BIADD, KRITICALD, ARRANG, SEARCH, ITERATE, STCALC, FNI,

FNL.
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(b) Add the following subprogram Iist:

DRIVER, SORT, COLLOAD, FINDP, ARRANG, SORTL, RED, CALCP, FUNCP, FUNCD.

(¢) Delete BIAXIAL from the ENTRIES 1ist and insert DRIVER instead.

2.9 Error Message Summary

2.9.1 Introduction

A good method for reporting and locating errors 1is essential in a 1large
program such as the one which has been developed for column design. The
original module made use of a separate array which summarised the errors but
for reasons explained below, the replacement module has included a greater
variety of error messages. This section gives details of the error messages

produced and their implications.

2.9.2 Errors detectable by the Original Module

The error message system of the original module is based around the arrays
NOER() for errors and NOWR() for warnings. The whole system has access to
these arrays and no doubt other modules make use of them but as far as the
original module 4s concerned NOER() is only used to store any failed loadings
and NOWR() is used only if the bar size chosen conflicts with the user given

preferred size.

Any errors or messages which are detectable and relate to the original module
are summarised by the SUBROUTINE WREMSG(S) occuring 1in OVERLAY 50

"MAIN-COL-DESIGN".
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In addition to the error and warning arrays, there are also two cases of a
directly printed error message. The following summarizes the possible

error/warning messages produced by the original module subroutines:

Subroutine Error/Warning
CENTRY None
DRIVER None
SORT None
BCLASH None
MONOAXIAL Set NOWR( ) = 3 1f user preferred size 1s
not possible
= 6 if user preferred size is
allowable
Set NOER( ) = I*100 if the loading fails

(where 1 = loading number).
Abort run with a printed message if there
is in-sufficient space in the section for

4 bars of the minimum size permitted by the

designer
ADD None
EFLTH None
STCLAC None

ITERATE None
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SEARCH Set NOER( ) = -200 if there 1s a fallure 1in
in the neutral axis search
ARRANG Abort run with a printed message if there is
an error in the steel arrangement.
KRITICALD None
BIAXIAL As for MONOAXIAL except set NOER( ) =-100

1f even the smallest possible sizes will

not fit.
LAP Set NOER( ) = I x 100 if loading fails
NOER( ) = -100 if the bar size faills
BIADD None

2.9.3 Errors detectable by the replacement module

As in the original module the error system for the replacement system consists

of :

(a) Arrays to store the information for future printing.

(b) A direct message to the printer or user.

In the replacement module (a) has been retained to store Toad numbers of
fatled loadings and (b) has been used much more extensively to facilitate
quick location of errors. Failed loadings are exclusively those which require
a steel % greater than 8. Arrangement errors are now reported directly and
are not associated with a particular 1loading number. Also the message

associated with a neutral axis search failure is obviously no longer needed.
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The errors detectable by the various subroutines are shown as follows:

Subroutine Error Message
CENTRY None

EFLTH None

BCLASH None

RTVP Invalid FCU or FY

Invalid G value

DRIVER None

SORT None

COLLOAD None

FINDP Set NOER( ) = I* 100 where I 1s the loading

number which required the largest steel %
above .08 for each loading type.

ARRANG If detailing should faill for any reason then
a message and a print statement are sent
indicating that the column is too small
to suit detailing.

Set NOWR( ) = 6 if the user specified size
has resulted in a solution.
Set NOWR( ) = 3 if the user specified size

has been rejected

SORTL None
RED None
CALCP None
FUNCP None

FUNCD None
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 3 - COLUMN DESIGN MODULE
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 3 - COLUMN DESIGN MODULE

3.1 Introduction

This Section explains 1in detail the operation of a computer program module
which designs rectangular concrete columns according to the provisions of

AS1480-1974.

The design method 1s based on that adopted in the A.R.C. Design Handbook (Ref
15) and uses a digital representation of the charts therein to avoid the

necessity for lengthy iterations to calculate the neutral axis depth.

Although this module is fintended to replace one of similar function in the
GENESYS column sub-system, several of the original subroutines have been
retained mainly to facilitate integration of the replacement module. These
subroutines were altered slightly to suit the new design method and they are

explained along with the new subroutines.
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3.2 The Engineering Logic

3.2.1 Introduction

The analysis method used in this rectangular column design module is based on
that given in the A.R.C. Design Handbook (Ref 15). The design charts therein
have been utilised by determining the failure curve equations as shown in
Appendix 1. The detailed explanation of how the charts are used s shown 1in
the Programmer's Reference Manual (Appendix 5) in the discussion of the

subroutines which use them.

3.2.2 General Notes

(a) AS1480 requires that all members subjected to combined bending and
compression shall be investigated for slenderness effects. The module
therefore calculates the 1/r ratio from the physical dimensions of
the column and uses the code equations to calculate the reduction
factors R and R': Note that the beam/column stiffness ratio has been
calculated elsewhere in the GENESYS RC-BUILDING subsystem and is used

to calculate the effective length of the column as required.

(b) The ultimate faillure curves shown in the A.R.C. Design Chart C5 are
used for the analysis. The 20 charts with steel on two faces are used
for the monoaxial bending cases and the 20 charts with steel on four
faces are used for the bi-axial cases. It may be noted that these

curves already include the capacity reduction factor #. -



(c)

(d)

(e)

3.2.3
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A bi-axial case 1s formed when both of the moments exceed a value of
.03P'D. This 1s the CP110 stipulation which has been adopted because
AS1480 does not define when a loading is to be classed as biaxial. If
either M'x or M'y 1s less than .03P'D then a monoaxial loading
pair is formed, each of which is assumed to act independently of the

other.

For columns in biaxial bending, the moments about both axes are added

and the design is based on the charts for equal steel on four faces.

The module makes allowance for the requirements of minimum
eccentricities stated in AS1480, Rules 9.13.3(b) and (c¢). In these
rules the column 1is required to be designed for an additional
eccentricity of 25 + .01D (mm) in the direction of the major axes. In
addition it 1s required to carry, separately a moment arising from
the action of the loading condition on a similar initial eccentricity
about the minor axis. These requirements are met during the creation

of the Monoaxial and Biaxial load cases to be tested.

Column Design Procedure

The design sequence is as follows:

(a)

(b)

Retrieve the column dimensions, loadings and material properties from

the RC-BUILDING interface.

Compute the effective length of the column group and the 1/r ratios.



(¢)

(d)

(e)

()

(9)
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If required then set up the relevant information required for beam

bar clashing avoidance. See Section 3.2.5.

Combine the head and foot moments as specified 1in Section 3.2.4

depending on column slenderness.

Retrieve the coefficients for the charts which will be required
depending on the concrete strength (FCU) and the steel strength (FY).
Then form a coefficient table of three charts (Mono-X, Mono-Y and

Biaxial) depending on the values of GX, GY and GXY.

Sort the loads 4in descending order of axial load as specified in
Section 3.2.4. This is not necessary for the analysis but simplifies
the determination of unnecessary loadings.

Create the Monoaxial and Biaxial Loading cases as follows:

Mono-X - P'; M'x + P' * ECX ; ILX

Mono-Y - P'; M'y + P' * ECY ; ILY

Biaxial - P'; (M'x + M'y + P' * ECXY); ILB

where:

(1) ECX, ECY and ECXY are the initial additional eccentricities.

(1) The Biaxial case is only formed if:



(h)

(1)

(3)
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[} W [ )

M' )0.03 * P * B2
and

M'>0.03 * P * Bl

If a Blaxial case 1s formed then the mono-axial cases are

not.

These limits were chosen because they appear in CP110 and

are not defined in AS1480.

(114%) ILX, ILY and ILXY are the load numbers in SLD(,) from which

the load was derived.
From each of these loading cases discard those loadings for which:
(1) The required steel % is zero (see Section 3.2.6) or

(11) There 1s another load case with the same axial force and a

higher moment.
Apply the reduction factors R and R' to the remaining loads.
Calculate the steel percentage for each of the loading types that

will satisfy the worst loading condition in that group. Also store

the loading number which caused the worst condition.



(k)

3.2.4
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For each of the bar sizes permitted (12, 16, 20, 24, 28, 32, 36 mm)
determine a steel arrangement that will satisfy the required steel
percentages. Choose the one with the lowest relative cost

which does not violate spacing requirements. (See Programmers'

Reference Manual Appendix 5).

Selection of Load Cases for design

This has been adapted from the original module. The load cases to be tested by

the module are determined by the following considerations:

(a)

(b)

(c)

3.2.4.1

The number of Tload cases tested in the design of the column 1ift
being considered are relevant to this column and not, as previously,

including those applicable to the column above.

The loading cases as presented by GENESYS consist of a permutation of
possible load cases occurring at the head and foot of one or more

columns in a batch.

For one column a typical set of load cases is made up of 18 1load
cases at the head combined with 8 load cases at the foot giving a
total of 18 x 8 = 144 1load cases per column. This number is larger

for a group of columns having variation of load between members.

Short Column (1/r < 20)

It is only for slender columns that i1t is necessary to consider combinations

of head and foot moments acting simultaneously. Therefore the number of Tload

cases for short columns may be reduced.
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Details of how this 1s done may be found in the discussion of subroutine

CENTRY in the Programmer's Reference Manual (Appendix 5).

3.2.4.2 Long Columns (1/r > 20)

It is not possible to effect much reduction in the number of load cases to be
tested for slender columns.Among the 144 load cases sent by GENESYS, some will
consist of mono—x at the top combined with mono-y at the foot and were it
possible to delete those cases (which some authorities believe unnecessary)

then the number of load cases tested could be cut to about 48.

3.2.5 Logic for avoidance of Bar Clashing at Column/Beam Intersections

(from original module)

Beams and columns may each be designed independently of each other. Column
bars will be detailed to pass unhindered through intersections and any
clashing avoidance necessary will be taken by the beah steel. Beam steel may
be single or paired and the column steel may be bundled.
*

If one or more of the beam outer bars falls in 1ine with, or inside the corner
column bars then these outer bars will be curtailed at the column face and
splice bars will be inserted. Internal beam bars will pass through the spaces
between the column bars and the number of spaces that are available will
depend on the maximum number of internal column bars that can be accommodated

within the column. This maximum number will be calculated in such a way as to

ensure that:

* The position of the corner bars is set by the

User - specified cover



(a)

(b)

(c)
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The space "B" between the column bars will not be less than the
nominal size of the largest permitted column bar (cmax) or the
column aggregate size plus 5mm if this be the larger. 1In addition
the space must be large enough to equal the zone size BZmax

corresponding to the largest permitted beam bar or beam bar pair. B

= MAX( Cma Bzmax' (Col Agg + 5))

x’
The space "M" between beam bars will not be less than the nominal
size "BE" of the largest permitted beam bar “BMmax" or, if paired
bars are used, to the size of the bar of equivalent area to the

largest permitted bar pair (2xBM _ ). In addition 1t will not be

max
less than the beam aggregate plus 5mm or the zone size CZmax
corresponding to the largest permitted column bar.

M = MAX( BEma czmax' (Beam Agg + 5))

x'

Zone sizes BZ or CZ will be taken as 1.1x Nominal size for single
bars and 2.2x Nominal size for bar pairs. The zone sizes are then

rounded to the nearest whole number.

Equivalent Bar and Zone sizes for single and paired bars of Nominal

sizes BM or CM are shown in Table 3.1.
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Nom Bar Size Eqg Size "BE" Zone size BZ or CZ

Single Bar Bar Pair Single Bar Bar Pair

| | | |
I | | |
| | | |
| | | |
| BM or CM | BM or CM 2xBM | 1.1xBM or 1.1xCM 2.2xBM |
I I I I
| 12 | 12 17 | 13 26 |
| 16 | 16 23 | 18 35 |
| 20 | 20 28 | 22 44 |
| 24 | 24 34 | 26 53 |
| 28 | 28 40 | 31 62 |
| 32 | 32 45 | 35 70 |
| 36 | 36 5 | 40 19 |
| | | I

Table 3.1 Equivalent Bar and Zone Sizes

The method adopted to avoid beam/column bar clashing fis discussed in

detail in Appendix 6.

3.2.6 Derivation of failure curve for unreinforced concrete

The equation governing the failure curve for an unreinforced concrete column

may be derived as follows:

Assume a rectangular stress block shown in Figure 3.1

0.85*F'c

x/2

D/2
e =D/2 - x/2

Ao . . - i
[ j P

D/2

Figqure 3.1 Situation at Fallure
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C*e (Newton - millimetres)

i

At equilibrium, P = C (Newtons) and M
P=C=0.85*F'c*b*X*#8

which gives X = P
@*0.85 *F'c *b

also M = C*e =@ * 0.85 * F'c * b * X * (D - X)

2 2
Substituting for X gives:
_ @ *0.85 *F'c*b*P (D - P )
& *0.85*F'. *b 2 2*@*0.85*F'. *b
s 0. - re
2 1.7*@F*F'c*b

Dividing by bD2 and substituting M' = M/bD2 and P' = P/bD and also setting
& =0.7 gives:

M' = P'/2 - P'2/Y.19 F'¢e L. 3.1

PMIN is defined as the value of P' where the curve crosses the M'=0 axis and
may be found by setting M'=0 in equation 3.1.

PMIN =0.595 F'c (MPQ) e 3.2

The slope of the curve as it crosses the M'= 0 axis 1s also required for the
analysis. This may be determined by calculating the differential of 3.1 at

PMIN.

M' =1 - _ 2P
a2 19 F'.

At PMIN = 0.595 F'.

dM* =1-1=-0.5 . 3.3
dp' 2

These relations plot correctly on the charts and are therefore satisfactory.
See Design Charts on following pages.
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3.3 Organisation of the Module

3.3.1 Introduction

The module has been organised to take advantage of the facility offered by the
GENESYS system which allows a program to be split into OVERLAYs, only one of
which resides in central memory at any one time. The program efficiency may

be increased by the effective use of this facility.

The module contains an extensive table of coefficient values and it was
considered expedient to break the module into two OVERLAYs. The coefficients
and related subroutines were therefore placed in one OVERLAY and the main

design programme in the other.

The OVERLAY names and numbers adopted are the same as these used in the

original module and the contents of each are as follows:

OVERLAY 52 “"RC22": Routine CENTRY
" EFLTH
. BCLASH
" RTVP

OVERLAY 54 "RC24": Routine DRIVER
B SORT
. COLLOAD
" RED
. SORTL
. FINDP
" CALCP
" FUNCP
" ARRANG
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The basic module organisation is shown in the flow diagram for the subroutine
CENTRY which 1s the entry point for the module. Details of CENTRY may be
found in the Programmer's Reference Manual in Appendix 5. The subroutine
calling sequence is shown in Figure 3.2 and may be compared with that of the
original module shown in Figure 2.1. The programming for OVERLAYs 52 and 54

is shown in Appendices 3 and 4.

3.3.2 Information supplied to module

The module is supplied with the following information:

Column dimensions and lengths

Properties of beams/slabs which are connected

Material properties

A loading array containing all of the loading combinations
that can be applied to the column. Each loading consists

of an axial load and head and foot moments if they exist.

From this information the module determines the cheapest steel arrangement (if

any exist) capable of withstanding the worst loading combination.

3.3.3 Public Variable System

For a detailed explanation of the PUBLIC VARIABLE SYSTEM and the function of

each variable, see Section 2.
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3.3.4 Sign Conventions

IY ‘r“X Face Bars
A
© © 0 o
.My o
Y °
o |

Y Face Bars

B2 - - - . - /5 . - X

'
'

B1

Fiqure 3.3 Sign Conventions

3.4 Subroutines Involved

3.4.1 Introduction

As stated in section 3.3.1, the new module consists of 13 subroutines split
into 2 groups. This section explains the function of each subroutine. A more
detailed explanation may be found in the Programmer's Reference Manual,

Appendix 5.
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3.4.2 Subroutine CENTRY

This routine is the entry and exit point for the design of rectangular
columns. It controls the design sequence by calling the various utility
subroutines in their correct order and contains the PUBLIC variables required
to l1ink with the other subroutines in the main program. The flow chart for

this subroutine is shown in Appendix 5, Section 2.4.

3.4.3 Subroutine EFLTH

The effective length of the column group is calculated for both axes. The

flow chart is shown in Appendix 5, Section 2.5.

3.4.4 Subroutine BCLASH

This routine establishes the permitted number of bars in each face of the
column 4if beam bar clashing is to be avoided. The flow chart is shown in

Appendix 5, Section 2.6.

3.4.5 Subroutine RTVP

This routine sets the value of the coefficients to be used to represent the

charts. The flow chart is shown in Appendix 5, Section 2.7.

3.4.6 Subroutine DRIVER

This 4s the main driving routine controlling the design sequence. It is
entered initially from CENTRY and, when complete, it initiates the detailing

routine if requested. The flow chart is shown in Appendix 5, Section 2.8.
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3.4.7 Subroutine SORT

This routine has two functions. The first is to eliminate the unnecessary
load cases and the second is to sort the loadings in descending order of the

applied axial load. The flow chart is shown in Appendix 5, Section 2.9.

3.4.8 Subroutine COLLOAD

This routine is used to compile the final loading set subject to:

(a) Initial eccentricities

(b) Reduction factors

(c) Removal if required steel % =0

(d) Removal if same axial load but smaller moment
(d) Creation of biaxial loading cases

The flow chart is shown in Appendix 5, Section 2.10

3.4.9 Subroutine SORTL

This routine is called from COLLOAD to perform the functions (c) and (d) as

detailed in section 3.4.8. The flow chart 1s shown in Appendix 5, Section

2.11.

3.4.10 Subroutine RED

This routine is called from COLLOAD to apply the reduction factors. The flow

chart is shown in Appendix 5, Section 2.12.
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3.4.11 Subroutine FINDP

This routine searches through the 1loading cases for the maximum steel %

required. The flow chart is shown in Appendix 5, Section 2.13.

3.4.12 Subroutine CALCP

This routine is called from FINDP to establish the required steel % for a
given axial force/moment combination. The flow chart is shown in Appendix 5,

Section 2.14,

3.4.13 Function FUNCP

This function uses the chart equations to determine the failure moment given

the axial force and the steel %. The flow chart 1is shown in Appendix 5,

Section 2.15.

3.4.14 Subroutine ARRANG

This routine determines the most economical way of ensuring that the required

steel % 4s supplied. The flow chart has been broken into 4 segments as shown

in Appendix 5, Section 2.16.
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 4 - IMPLEMENTATION AND TESTING OF THE NEW MODULE

4.1 Introduction

The implementation and testing of the new module for rectangular column design

required six distinct stages:

(a) The implementation of the GENESYS system itself

(b) The implementation of the RC-STRUCTURE subsystem

(c) The implementation of the RC-COLUMN subsystem

(d) The implementation of the AS-COLUMN subsystem

(e) Testing

(f) Comparison between the results of AS-COLUMN and RC-COLUMN

A1l implementation,testing and debugging was done using a CDC CYBER 170/720

model computer running the NOS/BE operating system.

4.2 Implementation of the GENSYS System

Initially the COC CYBER version of GENESYS running under the NOS operating
system was fimplemented. The different operating system in use (NOS/BE)
required some changes but eventually a version existed which could compile and
Toad GENTRAN overlays. However, errors occurred during the execution of the
subsystem RC-STRUCTURE which were traced to the 1inability of GENESYS to

re-load an overlay properly.
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The CYBER version of GENESYS controls the overlay execution by reading the
required overlay 1into BLANK COMMON and then continuing execution from a
specified address within the BLANK COMMON area. This address is fixed within
the COMPASS code effecting the overlay loading and there is no allowance made
for the differences 1in operating systems and compiler software that exist
between any two computer installations. Thus there 4s no guarantee that a
version working at one computer site will work at another without major
modification. This 1is especially so if there are major operating system
differences (NOS vs NOS/BE) because the assumptions made about the position
within memory of certain control information will not be correct. It was then

decided to try to implement the Perkin-Elmer version of GENESYS on the CYBER.

This decision was made because, unlike the CYBER version, the P.E. version is
written entirely in FORTRAN and therefore easier to debug. Note that a NOS/BE
version of GENESYS was not available at the time this work was being

undertaken.

From the user's point of view, the major change caused by using the P.E.
version 1is that overlay loading and unloading is no longer performed by
GENESYS 1tself but by SEGLOADER, the CDC product for handling segmented
programs. A number of other minor changes were required which were caused by
the difference in computer word size (60 bits on the CYBER and 32 bits on the
P.E.) and also by differences in file handling procedures. Once these
differences had been resolved, a working version of GENESYS was available

which could compile, load and execute any subsystem.
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The advantages of the new GENESYS version are:

(a)
(b)
(c)

file space during program development is reduced
Each subsystem is a program in its own right
Changes may be made to GENESYS 1tself without the necessity to

recompile the overlays.

The following disadvantages exist, but they are operating system dependent and

would vary in significance depending on the machine being used.

(a)

(b)

(c)

(d)

4.3

Execution time is slightly longer because of the overhead associated

with SEGLOADER

It 1s necessary to reload the entire subsystem if a change is made to

an overlay

The SEGLOADER directives must be tailored to ensure efficient use of

computer memory

Automatic ATTACHing and CATALOGing of FATHER and SON files is not

possible

Implementation of the RC-STRUCTURE Subsystem

Implementation of the RC-STRUCTURE subsystem was required so that a valid

input interface could be created for subsequent testing of the column design

subsystems. This interface contains information required to define the column

properties and applied loadings.



The 1implementation of RC-STRUCTURE involved the compiling of 1its component
overlays and the specification of a suitable set of SEGLOADER directives. The
only changes made to the subsystem were in the LIMIT statements in overilay
10. These changes were necessary to account for the particular dynamic memory

parameters adopted during the implementation of GENESYS.

4.4 Implementation of the RC-COLUMN Subsystem

Impiementation of the RC-COLUMN subsystem was undertaken so that a base for
comparing the performance of the new modules could be established. The
implementation 1involved the same steps as for RC-STRUCTURE and required

similar changes to the LIMIT statements in overlay 10.

4.5 Implementation of the AS-COLUMN Subsystem

The AS-COLUMN subsystem was generated by replacing the rectangular column
design modules in RC-COLUMN with those modules described in Section 3 of this
thesis. Several minor changes have been made to RC-COLUMN since the new
modules were originally designed. This has meant that similar minor changes
have had to be made to the new modules although the basic philosophy has

remained the same. These changes may be summarised as follows:

(a) Overlay "RC22" has been broken into 5 separate overlays, one for each

chart group.

(b) The temporary chart coefficients are now derived using FUNCTION calls

and are not stored in dynamic memory.
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There are now 6 overlays for rectangular column design in AS-COLUMN. They
take the same overlay numbers as the 6 which they replace in RC-COLUMN but
only 2 are ever used in a particular job and each is never used more than once
per job. This partly explains the performance improvement detailed 1in

Section 4.5.

4.6 Testing of AS COLUMN

Testing and evaluating the capabilities of AS-COLUMN required consideration of
(a) the ability of the design algorithms to faithfully reproduce the values
derived from the charts and (b) the ability of the arrangement algorithm to
produce an acceptable steel arrangement which could be used in the detailing

modules of the subsystem.

The equations representing the charts were tested for each 1 MPa increment
along the Mu/bD2 axis and for each 5 MPa increment along the Pu/bD axis. A
total of 3534 Moment/Axial Load combinations were tested (an average of 88
combinations per chart) to ensure that the entire range of each chart was

covered.

In all cases the derived steel percentage 1s a better value than could be
interpolated from the 1lines on the charts. The equations were originally
chosen on the basis of giving a maximum of 3% difference from the charts and
it 1s considered that the derived equations used in the Subsystem produce a
more reliable and repeatable result than possible by visually scanning the

charts.
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The next phase was to test the effect of 1interpolating between the charts -
i.e. using non-standard g values. This was done through the interface to
RC-STRUCTURE and involved the running of Benchmark Test 1. The Tloadings
applied to the column comprised the Tloads passed from RC-STRUCTURE together
with loads passed through the 'XTRAL' table in the job stream. These extra
loads were necessary because all loadings passed from RC-STRUCTURE required

less than 1% steel.

Table 4.1 shows the results of computations made with a d/D value of 0.77 and
interpolating between charts €5.1.10 and C5.1.11. The results demonstrate the

correctness of the interpolating algorithm.

The Tlast phase of testing 1involved evaluation of the steel arrangement
algorithm. This was achieved by running Benchmark Tests 2 to 7 which are

f1lustrated in Tables 4.2 to 4.7. They show that:

(a) The algorithm is able to generate an acceptable solution. 1In all

cases the derived steel percent is within + 5% of the target.

(b) The costing algorithm is efficient 1in determining the cheapest
solution.
(c) The algorithm is able to reject solutions which do not meet spacing

and bar clashing requirements. In the examples given, solutions are
rejected as violating bar clashing requirements 1if there are more

than 5 X-Face bars or more than 2 Y-Face bars.
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Mu/bD2

| AS-COLUMN
| Values

SUM
*

l
I

€5.1.10 | €5.1.11

Pu/bD

Values | Values

97666534433223_’026026927
3456781234567_’6654432]]0

99901 790122246802379]36
345789]24567887665432210

—— e —————————————_—————— ]

333333555555]
. s = O
]234563456789]]98765432]

.7 x Chart €5.1.11

.3 x Chart €5.1.10 +

* SUM

= 0.8

5.1.11 for g

See Design Charts in Ref 15, Chart 5.1.10 for g = 0.7

TABLE 4.1 - Testing Interpolation between charts
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AS=COLUMN REMNAHMARK TEST 3

1540

11 7G3/R3

PAGECOL*®

e ok o ok sk ok Ak ok Sk ¥ ok ok

DESIGN SOLUTIONS
Aok ook koK ok Rk k

¥% TAPGET STEEL PERCENTAGES

_MONQ=X = leB4 = DERIVED FROM

LNADING NQO. 1

HOND=-Y = 0,00 = DERIVED FRNM LNANING NQO. 0
BYAXTAL = 0.0 - DERIVED FROM LOARING NO, 0
SOLN BAR NO. 0OF STEEL PLRCENTAGE cCosT
NO, ST17¢ BARS
. X Y X Y TOTAL
2 28 4 2 2.05 1.03 2,05 5¢58
3 24 5 2 1.88 0.75 1.88 5440
4 20 7 2 1.R3. o 52 1.73 P
5 16 11 2 1.84 V.36 1l.8¢ P
6 12 19 2 1.79 C.19 1.79 R

¥* REJECTED SOLUTIONS ARE MARKED ~P- IN THE COST COLUMN

SOLUTIONS ARE REJECTED IF THEY VIOLATE SPACING

OR BAR CLASHING REQUIREMENTS

:SOLUTION NUMBER 1 HAS REEN CHOSEN FOR NETATLING

TABLE 4.3 - Benchmark Test 3
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AS=COL MY REMCHUMARK TEST 4 1¢1 1763783 PAGECULS

e ke s e i ook ok ek e o e o ok e

DESIAMN SOLUTIONS
etk o e ok e b ok b K kK

** TAPGET STEFL PERCEMNTAGES

MONQ=X = 2,25 = DERIVED FROM | NADING NQ, 1
MONO=Y = (C.0C = DFRTVED FROM LNADING NQO. O
AYAXTAL = 0QeU0 — NERIVED FRAM LOADING NN, 0
SOLM  BAR NO. OF STELL PFRCENTAGS cnsT
NO, ST7% BARS
' X Y X Y TATAL
1 32 4 2 Y; 126 2,60 7,02
2 28 5 2 2.57 1403 2457 P
3 24 6 2 2,26 0275 2.26 R
6 20 Q 2 2436 Ce52 2436 R
3 16 132 2418 0,34 2.18 R
& 12 23 2 2017 Gol9 2.17 R

¥ REJCCTED SOLUTIONS ARF MARKeED —R— TN THE COST COLUMN

SNLUTIONS ARE REJECTED IF THEY VINLATE SPACING
0P BAR CLASHING REQUIRFMENTS '

SOLUTIOM MURRER 1 HAS ﬂtEN FHNSEN FOQP NETATILING

TABLE 4.4 - Benchmark Test 4

e
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AS-COLUMN RENCHMARK TEST & 1510 o1/037/83  PAGFQOLS
Ak o ok o ok ok
DESIGN SOLUTIONS
o ok oo e o o ok o ok ok o ook ok
%% TARGET STEEL PERCENTAGES
“MONO=X = 2,67 = DERIVED FROM LOADIMG NO. 1
"MOND=Y = 4400 = DERIVED FROM LOADING NO. O
BIAXTAL = Q.00 - DERIVED FROM LOADING NO. ©
_SOLN  BAR ND. OF STEEL PTCRCENTAGE CNST
ND. SIZE BARS
Y oy X Y TOTAL
1 32 4 2 2.68 1.34 2.68 7.0?
2 28 5 2 2457 1.03 2.57 R
3 24 72 2e64 075 2. 64 R
4 20 10 2 2.62 0.52 2462 R
5 16 16 2 2.h8 Q.34 2.68 R
6 12 27 2 254 0el9 2456 R
** REJECTED SOLUTIONS. ARE MARKED —R— IN THE COST COLUMN

SOLUTIONS ARE REJECTED IF THEY VIOLATE SPACING

OR BAR CLASHING REQUIREMFNTS

SOLUTINN MUMBER

1 HAS REFN CHOSEN FOR DETATLING

TABLE 4.5 - Benchmark Test 5

iF
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AS=CNL UMM RENCHMAPK TEST A 1506 C€1/¢3/7/93  PpPAGEGULE

ok ook ok ook e ook bk

DESIGN SOLUTIONS
Wk kb dokok Rk ok ok

#% TAPGET STFEL PFRCENTAGES

~MONQ=X 309 = DERIVED FROM LDADING NO. 1

MONO-Y = 0,00 = DERIVED FROM LOADING MO, O
_BIAXIAL = (.00 = DERTVED FPOM LOADING NO. O

SOLN  RAP ND. OF STEEL PRRCENTAGE CosT
MO, STZE BARS
' X Y X Y TOTAL
1 32 5 2 3435 1436 3,35 R
2 28 6 2 3,08 1.03 3.08 R
3 24 8 2 3.02 075 3.02 R
4 20 12 2 3,14 ¢.52 3,14 P
5 16 18 2 3,02 Ga34 3.02 R
6 12 32 2 3402 0.19 3.02 R

X% REJECTED SOLUTIONS. ARE MAPKED —R=— TN THE COST COLUMN

SOLUTIONS ARE REJECTED IF THEY VIOLATE SPACING

‘DR BAR CLASHING REQUIREMENTS

P NO SATISFACTORY SAOLUTIONS

TABLE 4.6 - Benchmark Test 6

£
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AS-COLUMN RENCHMARK TEST 7

111 ¢1/703/R3

PAGECQLS

DRk ok gk keok ok ok ok g ke

DESIGN SOLUTIONS
ko bokokok Rk ok ok ket ok

)
2

% TAPGET STEEL PERCEMNTAGES

MOND=Y = 3,29 == DERIVED FROM LNADING NO
- MOND-Y = 0,00 = DERIVED FPOM LOADING N0,
BIAXTAL = (.00 - DERIVED FROM LOANING NN,
SOLN RAR NO. OF STEEL PEPCENTAGE cnsST o
NO. SY7¢ BARS
' X Y X Y TOTAL

1 32 5 2 3,35 1436 3435 R

2 28 7 2 3,59 1.03 3.59 R

3 24 qQ 2 3,39 075 3.39 R

4 20 12 2 3414 OeF2 3,14 o

5 16 19 2 3.18 0. 24 3.18 P

6 12 34 2 3,20 ¢el0 3,20 R

ke REJECTED SOLUTIONS ARE MARKED —-R— IN THE COST CALUMN

“SULUTIUNS ARE REJECTED IF THEY VIOLATE SPACING

0P RAR CLASHING REQUIREMENTS

ra

‘f* NO SATISFACTORY SOLUTIONS

T
*

TABLE 4.7 - Benchmark Test 7

7 A




RC-COLUMN BENCHMARK TEST 2 1023 (09703783 PAGEODO]?2
FSECTYON PRUPERTIEST T
SHAPE AC IXX IYY LEX LEY
= T MRR2 T CMMERG  CMMREGT MM ], B =
TTTRYT 0024003200 72000 3355 4266 -
_YAEQE§"UF INERTIAS ARE DIVIDED BY 10#*%p
WAIN STEEL TYPE YHYYT  — LINK STEEL TYPE TRT
SERhRh etk RkEEd
DESIGN SOLUTIONS — - T -
Shkheb AR tre thhtk
SOLN CRNR NO. OF INTRNL INTRNL REQD., PROVD. LINK LINK COST
NOe  BAR BARS  PER "FACE ~  ~BAR STEEUL " STEEL STZIE PITCH —
SIZE F¥NSIDE RLSIDE SIZE PRCNT PRCNT
N AL I e e
1-1 32 (o] 0 0 1.00 1.34% 8 384 11.07
Z=1 25 0 0 U U8B0 0,87 B 300 7. 16
3=-1 20 2 0 16 0.80 005 6 240 9,53
A0S S-S S B Sk, 4 LN e gy e

SOLUTION NUMBER 2-1  HAS BEEN THOSEN FOR DETATLING
AR SR AL R e R e L Lt L e S sl LI L

*WARNING C3542 HAXIHUH BAR ARRANGEHENT CONSIDERED 1IN pES;GN -

*HARNING C3548 PREFERRED BAR ARRANGEMENT REOUESTED

~ 1S NOT A PUSSISLE SULUTION

F¥CALCULATION DETAILS FOR DESIGN SOLUTIONT

SOLND NUZ 8 M1 MUX MUY
KN KN RN¥W — RN¥F — KN¥H
Tz - 38%% 25000 T 2000 195 T 305

END OF COULUNMN ANALYSTIS
FOR GROUP *TYPEDT  BATCH NO, 1
ttt#t*ttittttit#t#t#*tt#*#*ttttttttt#*tt#

TABLE 4.8 - RC-COLUMN Benchmark Test 2
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4.7 Comparison between the results of AS-COLUMN and RC-COLUMN

Benchmark Test number two was run using both AS-COLUMN (Table 4.2) and
RC-COLUMN (Table 4.8). The results were used to compare both the output and

relative performance of the two subsystems under identical design conditions.

4.7.1 Output

The output for both Subsystems is 1identical (see Appendix 7) with the
exception of the page concerned with the Design Solutions. Differences on

this page may be summarised as follows:

(a) The format was changed to suit the results generated by AS-COLUMN.

(b) Although the cost algorithm was altered to suit Australian conditions

it sti11 chose solution 2 as the best.

(c) AS-COLUMN chose a minimum steel percent of 1.0 whereas RC-COLUMN

chose a minimum steel percent of 0.8.

(d) Both subsystems chose an arrangement of 4 bars with a diameter of

either 25mm or 28mm.

The major difference between the arrangement algorithms of both subsystems is
that RC-COLUMN allows mixed bar sizes whereas AS-COLUMN allows only a single
bar size per solution. However, the results 1indicate that both produce

similar solutions.
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4.7.2 Performance

The performance of both subsystems is summarised in Table 4.9. The 1interface
time is the time taken if no design work 1s done. The results are for

Benchmark Test 2 where 1 column is subjected to 17 loading combinations.

SUBSYSTEM TOTAL TIME FIELD LENGTH DESIGN TIME
RC-COLUMN 23.028 Sec 123600 Octal  3.659
AS-COLUMN 21.101 123500 Octal 1.732

Table 4.9 - Relative Performance of AS-COLUMN and RC-COLUMN

These results indicate that the new module 4s 50% faster and uses slightly

less memory. This difference would be significant in large jobs.
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

SECTION 5 - CONCLUSIONS

This project had the following primary objectives:

(a)

(b)

(c)

(d)

To examine and compare the slenderness provisions of various Codes of

Practice,

To develop a computer program for the design of Concrete Columns

according to AS1480-1974,
To modify the rectangular column design module in the GENESYS
RC-BUILDING suite so that it would conform with the provisions of

AS1480-1974, and

To improve the efficiency of the GENESYS RC-COLUMN subsystem
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5.1 Comparison of Slenderness Provisions

A comparison between the slenderness provisions of a number of Codes of
Practice has been presented in Section 1. The results of this comparison may

be summarised as follows:

(a) The advantages of the AS1480 method are firstly that it is simple to
apply and secondly that the concept of additional eccentricity fis

more rational than the alternative concept of minimum eccentricity.

The disadvantages of the AS1480 method are:

(1) it 14s more conservative than other Codes for all values of

slenderness Ratio >20

(11) it is 1less rational than either the additional moment, or moment

magnifier method,

(111) it gives unrealistic results at the 1imits of the stated range of its

application, and

(iv) it has a number of minor shortcomings which have been fitemised in

Section 1.9.

It was therefore proposed that in future revisions of AS1480, consideration be

given to the following:

(1) Reducing the load factors,
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(1Y) Adopting the additional moment method as used in CP and DIN, or the

ACI moment magnifier method, and

(1Y) Addressing the shortcomings 1isted in Section 1.9.

5.2 Column Design Program

Algorithms for the Computer Aided Design of R.C. Columns have been presented
in Section 3. These algorithms follow the steps given in the A.R.C. Design
Handbook (Ref. 15) and will produce the steel percentage required for each
loading case. A steel arrangement algorithm is also presented which produces
a number of alternative bar arrangements which will satisfy the worst loading
combinations. This arrangement a]gorithn1 will select the cheapest solution
after having rejected those bar arrangements which violate spacing or beam bar

clashing requirements.

As a result of this approach,the program has the following attributes:

(a) It executes very quickly,
(b) The amount of coding is minimal and well structured, and
(c) The designer is able to follow through each step of the design

process and be satisfied that the results are correct.

The program has been thoroughly tested over a wide range of input conditions
and is currently available to any of the S.A. Government Departments which
have access to the facilities at the Government Computing Centre. I have
personally used the program in a real design environment and am satisfied that

it produces reliable results.
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5.3 Modifications to RC-BUILDING

The RC-COLUMN subsystem of the GENESYS RC-BUILDING suite was modified so that
it conformed with the provisions of AS1480-1974. These modifications involved
converting the program described in 5.2 into the language GENTRAN and ensuring
that the correct information was passed into and out of the module. The only
major change required to the original program was to implement the virtual
array processing technique available through GENTRAN to maximise program

efficiency.

The operation of the new subsystem is demonstrated in the Benchmark tests
described in Section 4. These show that the program operates successfully
over a range of finput values and, not unexpectedly, gives results which are

similar to those of the original module.

5.4 Improving Subsystem Efficiency

During initial evaluation, the RC-COLUMN subsystem appeared to be using an
unusually large amount of computing time. An examination of the program code
traced the cause to a large number of {terative-type calculations 1in the
design phase. For each loading case the column steel was fincremented until
the capacity exceeded the loading. However each steel augmentation required
the recalculation of both the Neutral Axis depth and a new steel arrangement.
The basic problem was that the module could not discern the critical loading

and therefore had to test them all.
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The new module has been designed to avoid such iterative calculations and is

able to produce a small range of steel solutions which will cater for the

critical load.

In quantifiable terms this has led to an increase in design speed of the order
of 50% and to a reduction in the number of active lines of code from 4700 to

1200.
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS
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Al INTRODUCTION

Inspection of the various column design procedures available reveals that in
all cases the design procedes in an iterative manner - the steel required
depends on the neutral axis position which depends on the steel present
etc... It was thought that Design charts usually provide an effective way
around this problem and so a method was sought whereby a set of Design charts
could be incorporated into a computer program. The set of charts chosen

appears in the Australian Reinforced Concrete Design Handbook (Ref. 15).

The most convenient way to use these charts is to find an equation relating
all of the points on the chart. It was hoped that a general equation could be
found for each chart but, as will be shown later, this was not practical. The
method adopted was to find the equation of each 1ine of each chart and store
it for use by the column design program which would decide which equation to

use.

A1.2 CHOICE OF EQUATION

While being basically similar there is a wide variation within and between the
charts. An equation was therefore sought which would contain sufficient
degrees of freedom to cater for this variation yet be reasonably simple to
use. It was also required that the 'same equation be used for all of the
charts so that the column design program would be straight forward. Given
these constraints i1t was decided to use an (n-1) order polynomial of the form:

M-C sCP+CPleCPiw...scp"!
h § 2 3 4
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where n would be determined considering the accuracy required and the degree
of variation between the charts. Thus each 1ine on each chart is represented

by the same polynomial but with different coefficients.

It was suspected that an exact equation could not be found for each curve and
that some sort of curve fitting procedure would be needed. This was not
expected to be significant because the charts cannot be read to an accuracy
greater than .1MPa. In this respect the curve fitting program may be
considered superior to a human user because it "smoothes out" A{rregularities
caused by misreading and in many cases when comparing the resubstituted values
produced by the equations, they are closer to the curve than the points
originally read in. Given that no exact equation exists, the procedure fis
then to convert the curves to a series of coordinate pairs and find the

equation which produces the best fit.

A 1.3 PROGRAM FITCURV

This program is basically a regression analysis using the method of least
squares. Its purpose is to accept a series of coordinate pairs, perform a
regression analysis and produce the group of equations of order 2 to 10 which
gives the best approximation. The coefficients in the output are given to 14

decimal places because in the higher orders the X terms become very large.

In addition the program also produces tables showing the following:

(a) The y values when x 1is resubstituted, thus 1indicating what the
equations will produce.
(b) The percentage error between the input and the produced value.

(c) The difference between the input and the produced value.
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These tables were used initially to test the validity of the program (see
Appendix 2-B) and later to detect errors in the input data and to resolve
which order equation to adopt for the 'column design programs. However when
considering these tables, it must be remembered that the accuracy of the input
data is to the nearest .1MPa. The computer works to much greater precision
than this, smoothing out the data. Thus the derived equations may be a better

approximation to the curves than inferred by the tables.

The program 1isting for FITCURV 1is shown in Appendix 2-A.

Al.4 APPLICATION OF FITCURV TO DESIGN CHARTS

Having determined that FITCURV gives reliable results, each chart 1line was
converted to a set of coordinates and processed through the program. The

output for chart C5.1.1 p=.01 1s shown in Appendix 2-B.

At this stage the outputs were examined to determine the correctness of the
input data. Any typing/reading error would be corrected and the data

re-processed before accepting the output.

Unusual results could also occur which were not caused by input errors. They
were found to be caused by reading the 4input values to .1MPa and were
prevalent when dealing with small P'/bD values - which is to be expected when
for P'/bD = 1 MPa, the percentage error is 10%. Errors such as these were
discounted 1f the resubstituted value was close to the chart value. In all

cases where this was not so the reason was found to be an input error.
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Once every chart had been processed, the outputs were examined to determine

which order equation to adopt for the column design program. The criteria

used to do this were:

(a)

(b)

(c)

Limit the percentage error to a maximum of + 3% (or + 5% in cases
where the error was due to reading to .1 MPa and the resubstituted
value was a better approximation than the input value). Also high

values caused by the smallness of Y were ignored.

Limit the waviness of the output curve - the higher orders may be

expected to be more wavy between points.

Ensure the repeatability of the resubstituted value using a
calculator. This was especially important in the higher orders where
the accuracy and the number of significant figures of the coefficient

were expected to become more important.

The general conclusions from this examination are:

(a)

(b)

(c)

The 6th order 1s just as good as the 10th in reproducing the input
data, but 1s significantly better than the 5th and lower orders.

The 6th order equation is generally less wavy than the higher orders.

The 10th order equation as printed in the output does not give the

correct values when checked using a caiculator.
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This 1is because 14 digit accuracy is required for the 10th order
equation but most hand-held calculators provide, at most, 12 digit

accuracy.

(d) The percentage error for the 6th order equation was never more than

3%.

For these reasons it was decided that the 6th order equation would be adopted
for the column design programs. The mean of all of the 6th order difference
values for all of the charts was calculated to be = .03 MPa which indicates

that reading to the nearest .1 MPa is justified.

A 1.5 SINGLE EQUATION FOR EACH CHART

Initially 1t was hoped that a single equation for each chart could be
generated by finding a relationship between the coefficients and the steel

percentage. This idea was abandoned for the following reasons:

(a) The 6th order coefficients were plotted as a function of p for chart
C5.1.1. This is shown on Graph A1.1 and although there appears to be
a general trend, it is not specific enough to allow accurate curve

fitting.

(b) If it 1s assumed that a 10th order equation would be required to
reproduce accurately the coefficients, then more coefficients would

need to be stored than for the 8 equations separately.
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A 1.6  CONCLUSIONS

The program FITCURV is a reliable program with general application although
the 10th order equation produced may be unrepeatable. The single factor which
determines the unrepeatability is the accuracy of the computing machine. For

example, if the coefficient C were found to be .00000000000135 then unless

10
the computer/calculator could accept 14 significant digits, the equation would
become 1inaccurate when the term 010 * X 10 became significant. If the

tolerance was specified to be .01, then the equation would become inaccurate

when:

10

.00000000000135 * x ~ = 0.01

or x = 9.7

Thus when X exceeds 9.7, a handheld calculator would not give the same results
as the program indicates. This could be overcome using an E-formatted output*
for the coefficients but this was not considered necessary when, for the

purposes of this work, the 6th order is adequate.

The coefficients adopted are shown fin Appendix 3 "OVERLAY 52" in subroutine

RTVP.

X F - Format is easier to check.
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

APPENDIX 2 - A

PROGRAM LISTING FOR FITCURV




-

10

19

16

20

30

40

=0
A0

70

a0

Qg

130

PRONGRAM F[TCURV(TADFPcINPUT=101H/HU9OUTPUT=101H/1360TAPE1)

THIS PROGRAM ACCERPTS & SFRIES OF COORDTINATES AND wILL

FIT 8 CURVES OF QRDOFR 2 - 16

NDIMFMSTON Xl(]]-lOO)-K?(llslﬂO)oA(?])cﬂ(llvl?)vE(lE)'COtFF(Qol
INPUT TITLE

PDRINTH«MTITLE"

REANDPTITITLI]

FORMAT (AR)

INPUT NUMBER 0OF POTINTS

PRIMNT#e"NIIMRER QF POINTSM

READ# 4N

- INPIIT CODRDINATES

NO 10 I=1leN
READ(Re#)XT(1oI)eX1(Ps1)
X2(1leT)=X1(1sT1)

X2 (PaT)=X1(2sT)

CONTINUE
IF(Xl(lol)-EQ-O-)X](1-1):0-000001
WRITF(1eS)TTTTLL

FORMAT (1H1 0/ /71 X0/ 7 /20X AP0/ 7/)
TERR=0

no 170 M=2s1n0

M]=2#M+)

nNo 15 1=2«M1

A(I)=0-

CONT TNUE

M2=M4+?

DO 1A I=1eM2

FIT)=00

CONT TNUE

A(1) =N

M3=M+]

NO 40 I=1eN

NO 20 J=2eM1

ACJ)Y=A(J) +X1(1eT)#3(1=1)
CONTINUE

NO 30 J=1leM3 .
E(J)=F(d)*x1(?9l)*X1(IOI)”*(J-I)
Qe+ 2)=F ()

CONTINUFE
E(M+2)=FE(M+2) X1 (24T) %42
CONTINUE

N0 AD TI=1eM3

Nno 850 J=1leM3
ND(Te)=A(T+d~-1)

CONTTMUFE

CONTINUE

PO 135 K=1eM3

NO 70 L=KeM3

IF(N(LeK) eNFeDe)EOTNAD
CONT TNUE

WRITF(1sB0IM
FORMAT (1Xe /284NN UNTQAUE SOLUTTNON FOR ORNEReI?2/7)
IFRR=TERR+]

GO To 170

DO 100 Jl=1eM2

B=0N(KeJ1)



100

110

120
130
135

14Q

150

160
170

180

1949

204

710

220

230

2RO

2990

OO
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N{KeJI) =N (Lo J1)

N{Le.J1) =R

CONTTNUF

C=1/0(KeK)

NO 110 Ji=1leM2
N(Ke)]1)=C*N(KeJ1)

CONT INUF

NO 130 L=1eM3
TF(LFQaK)BO TO 130

C==n (LK)

nNo 120 J1=1+M2
A(LeJ1)=Q(LeJ1)+CHN (K1)
CONT INUE

CONT TMUF

COMNTINUE

NO 140 I=1+¢M3
COFFF(M=1a1)=0(TsM+2)
CONTINUE

DO 1A0 I=1eN

S=0(71eM+7)

DO 150 J=1eM
S=G+N(J+1aM+2) XL (LeT) #%
CONT TNUIF

X1 (M+1e1)=5S

CONTTNUE

COMT INUE

IF(IFRR.FNS)GN TN 270
IF(X1(1el)eEN.0s000001) X1(lal)=0.
NRITF(1e1RD)

FORMAT (1Xe4GHFALIATTINNS ATVING CLOSFST APPRNOXIMATION RY METHND

174 OF LEAST SAUARES//)

WRITF()«190) (COFFF(1aT)eT=1e73)

FORMAT (1 XeO9H2ND ORNFRe2XePHY=eF1As1493H + oF18elbs?H#Xs3H +
FlRel4eGH®¥X(2)/)

WRITF(]1«200) (COEFF (29T} T=1lv4a)

FORMAT(1Xe9H3RD ORNFRePX eZHY=eF1R.1493H + sF1Re1402H*Xa3H +
FI1R4T49SH®EX(2) e3H + «F1R,14«5H*X(3)/)

WRITF(1e210) (COFEFF(aT)eI=195)

FORVMAT(1XeOH4GTH ORNERePX eP?HY=eFlReJ493H + oF1RLGe2H#XN93H +
FIR.14eSH¥X(2) o3H + oF1B.164e5H®X(R)43H + «sF1lRJ149LH¥X(4)/)
WRTITF(1+4220) (COFFF(441)eI=195)

FORMAT (1 Xe9HETH ORNFRe2X s PHY=9F18s1493H + oeF1R1G927H®Xs3H +
F18.]14eSHEX(2)a3H + oF1Re1495H®X () e3H + oF1R14e5H*X(4) 93H
/58X eF1Re14e5H#X (5) /)

WRTITE(1230) (COEFF(Se1)sI=197)

FNORMAT(1XeOHATH ORNERe2Xe2HY=eF1Rel1493H + osF1Ral4902H#X a3 +
FlHe 14 o6H®X (2) 93H + oF18416eSH#*X(3)s3H + sF1R.149OH*X (4) «3H
/EAYXeF10a1495HEX(5)e3H + oFIR14+5HEX1A) /)

WRITF(192R0) (COFEFF(AaT) e I=197)

FORMAT (1 XeO9HTTH NDRNFR¢2X e 2HY=aF 1Aal493H + oF1Ra1492H®Xe3H +
FlAs16e8HEX(P) aIH + «F13.14eSH®X(3)4s3H + oF1Ac1490HRX (4) ¢3H
/BAX sF1He 4 aGH®X{B) a3H + sF1R,14e5HEX(H) 43H +
F1Ral14eSH#X(T)/)

WRTITE(1+290) (COFFF(TeT)e1=199)

FORMAT (1XeOHATH CRNFTe2X 9 PHYzaF1Re1493H + sF]1Re14es2HEYe3H +
FlRLTJAeBH*X(P) e3H + +F1Q,14s5H#X(3)e3dH + oF1R14eHHEX(4) o 3H
/BAXeF1RelbeSHEX(R) e AH + sF13,14e5HEX(R) «3H +

R 3

a
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210

250

260

7ee
2h1

OO

an
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F19.14¢SHEX(T7)/SAXF 1R lbsOHEX (#) /)
WRITF(1e3N0) (COFFF{RyT)eI=191n)

FOUMAT (I Xs9HOTH ORNDFR¢PXePHY=eFlbalte3H + oF JRelades2H#Xe3H +
F1R,14¢SHMX(2) ¢3H + oaF 1R 1495H®X (3) e3H + sFIRL14eDHEX(4) ¢+ 3H +
/5 eF18el1bo5HMX(S) o dH + ¢FIR,14+5HEX(A) e3H +

Fl1Rel14 eSH®X(7) /50X eF1Ral16«OH®*X(R) a3 + sF1RBe14e5H*X(Q)/)
WRTTF(1e310) (COFFF(Qel)eI=1011)

FORMAT(IXe LOHINTE NRNFReIX9ZHYZeF 1114 93H + oF1Ra1G42H#Xa3H +
FlBel14aGHRX(2) 93H + oF1RL1495H*X () ¢3H + oF1R1495H#X(4) 9 3H +
/SRX aF 1R 14 s GHHX (S5) a3H + «FL1A,14+GHEX(A) e3H + sFLlBel4sSH*X(T)
/58X aF1BelbeBHEX () eAH + oF1R,14e5H%X(9)93H + 9sFlHalb4s6H®X(10
WRITFE (1e7239)

FORMAT (1XesT7HY VAL'IES PRNNDUCEN WHFN INPYT X IS RESURSTITUTED/
WRTTE (1+27240)

FORMAT (I XeTHTNPUT XePX e THINPUT Ye2ZX 4 9H2ND ORPDEPs2X 9 QHIRN ORNE
2Xe«QHLTH NRNERsPXyAHETH NRNDFR«PXeGHATH ORDERI2X9YHTTH ORNER
PXeQHATH NHRNDFD«PXeQHATH ORNERS2X 4 INH10TH OKRDFP/)
WRTTFA(1e280) ((X)1 (T J)aT=1ell)ed=10eN)

FORMAT(PX aFAheP sl XeFQ4s 1 XeFHeb4e3X9FPRedoeIXatFHRab9g3XsFR4

e AXeFR . 4e3IXNsFR 403X sFReAe3INOFA4 03X FHR4)

WRITE(1+260)

FORMAT (///1Xe3QHTARLF OF PERCENTAGF FRROR WeR.T INPUT Y//)

no 2A1 I=1eN

TF(X1(24T) aFNa0) X1 {(Pel)=0e0001

N 262 J=3s11

X2 (JeT)=X1(Jel)=X]1(2eT1)

X1 (JeI) = X1 (JeT)/ X1 (2eT)=1e)#]100.

CONT INUE

CONTIMIE

WRTITF (14240)

ARTITF(1e250) ((X1(Te)aTI=1911)oJ=1eN)

WRTITE (1e7263)

FORMAT(///1X¢38H DIFFEREMCEF RETWEFNM Y AND CALCULATED Y//)
dRTTE(]1+7240)

ARTTF(1e280) ( (X2 (T o) eT=1911)ed=1en)

STNP

EHD
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COMPUTER AIOED DESIGN OF CONCRETE COLUMNS

APPENDIX 2 - B

PROGRAM OUTPUT FOR FITCURV

APPLIED TO CHART €5.1.1 p = .01




t] AR B

]

S1T 7T

N A N T

ENUATIONS GIVING CLNSFST APBRNXTYATINN BY METHNN  0OF LFAGT QNUABFS

. 2ND nmnFo

Y=

.915837A50529947

*

«JR6INNASPVAARTORY

- 0P7/05TB1321729X (2)

-

=t

"

Tz

> 3RO _NRNER

Y=

,9N3ARTA094TA3?

L, 39A95155 1957348

=.02975698211256%Xx(2)

.00006830002975%x% ()

4TH 0=NER

LARLTTTAIS7104S

«343364396106988X

-.01323137637039%x(2)

-.001518875913hka=x (1)

«00004961437020¢x (4)

. STH nonEe

.094014304181319

. 156909255290038#)

+N790405902706R#X (2)

-.0175145RN20N1R9sx (3)

«0011RATT7470309«x (4)

-

o e

o |

- NIZAG TRIGITSFX (5]

.. 6TH nRNER
"

v=

1.0NNS4T7284ANNASL

L 116013030762 TTaY

CIN74RIGTIVISEBFR (2]
-.00N07A73245700%X(5)

= 025050013577 ex (1)
00000104694 70R2x ()

LONZ094IHENK5607X (4)

¥ 7TH gonso

Y=

1.003957402414A7

JN75805119937452%

+

«14863241807611#X(2)

-.04044063209310%x(3)

.NN04R311793336A8X (&)

= NNN3ETIVLILE5TITITI(S)

+OODN £ TAPANZex (A)

= NUNA0NZNZ380005X (7)

T 8TH nanEs

¥=

~.G93155577A 7455

LIS TTTT TORSSR720YX

=, 22937 282RBTTZATY (2]
+00S5731747597572X(5)

+

AT TATTLERTTeY ([ T)
=.000433892529272Y (A)

—NGNBA0T0GTRG 4uX ()

= QUNNRN Lo MBYUEOFYTE]T

LN0N01A942031049X(7)

¥=

LQ0QRTRILARENNG

*

. 0RBRRTGTINGaTaT6X

«4R6/56H0TUBILTFR (L]
~.N1954416A984425%X(5)

+ *

=« 3N2a7 IGTRIAIRT=Y )
«0027251AR79583#x (/)

NONTUSTIABOUSS®XTET

= O0NNA0UTSE20TASY (91

TT0TH AanFs v=  1.AN119350895517

-

— . 36HPPSTH 650558

1,096719150634629X(2)
-.NHNGS354379233#X(5)

+ +

-+ TRASROYTITISANACY (1)

«007927831234992x (A)

LA OTSSATATZ0EIT o x (=)
=.N00146697540465%x (/)

~.000642063724652x (7)

LPRIZ292205179220x ()

LNA0N0313097THTA3S=X (1)

= 00NNAUBLTIAIINT=*X (T)

LNOANDON09SATES» X (L)

-

=N

i3
14

15

V7

13

20

7€l
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Y VALUES BPNADUCFN WHEN TNBUT X 16 PFSHASTITOTFO

INPUT X TMOUT y 2NN NPNFR RN NRNFR 4TH NRDER  STH NRNFR  ATH ORDER  7TH ORDFER RTH nPNFR

aTH NoNFP_ 10TH NODER

30,00 1.0000 .9154 49038 .97344 . 9940 1.0005 1.0040 .9937 .9994 1.0012
T 11.00 1.7200n 1. 2761 1.27175 1.7w34 1.7114 1.2010 1.1925 1.27303 T.200a 1.i9137 7
2.00 1.50nn 1,8776 1.5804 18977 1.,4980 ].4931 1.4941 1.4AT1 1.5075 1.5750
3,00 1.8000 1.R254 1.832n T.R0AH Y. 7TRAA 1.7907 177671 1.7701 7 t.7742 T 1.7647
26,00 2.0000 2.n1A9 22,0243 2.0120 2.0375 2.0406 2.0645 2.0549 2.0226 ?.010R
- 5.00 7.2000 2.15A7 2, 163R 2 1R20 7.0007 ?.2151 2.2131 2.0634 ?.7731 2.7367
.00 2,4000 2.2394 2.,2447 ?.?948Y9 2.3050 ?2.3051 2.2995 ?.3148 2.31751 ?.34834
— T7.00 2.3000 ?.2R6R ?.0R07 ?.7HA1 ?2.314s 723151 223055 2.7980  2.3231  2.,3203
-~ 8.00 2.2000 2.7390 ?.2100 2.7604 P.2R04 2.2529 2.2529 2.2738 . 2.7723A ?.2103
=~ g,nh ~2,100n _ 72,1560 2.1531 NS 77,1603 I VT 2% 1345 2.175n 2.06A7 7 T 2.0933
- 10400 ?.n00n 2.n178 2.M124 2.0226 1.9774 1.9776 1.97R2 1.9934 1.9776 1.9849 -
11.00 1.R00N 1.8244 1.9174 1.9156 1.7A93 Yol lG1 1.7761 T.A0AL T.”R218 T.R301
12,00 1.6000 1.5757 1.5A83 1.5540 1.53135 1.5416 1.5377 1.54R0 1.549n03 1.5A91
13.00  1.200n 1,2719 1.7A57 127625 1.7647 1.2AA8 1.2623 1.2353 1.231%3 1.22113
14,00 900 L9122 L9100 JRHG LILAN 9411 29401 .9130 LAT2T .A905
~15,n0 .60nn LLQRA L5015 XY .545A L5349 L5435 513 A1 .AN2S
Tc 165,00 o.nnnn .npal Nan7 N71A L0124 L0189 0155 L0047 -.0017 -.N003 .

.

el
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TABLE OF PFOCENTARE FROAR W,0,T TNPUT Y

CINPUT X TNPUT v 2MD ORNDFR 3PN PROFP  4TH OPDRER  5TH ORNFR  ATH ORDER  [TH ORDER 8TH NPRFR GTH APRFS 16T nenre
0.00 1.00nn  -R,45723 =G.B6TR? =5.5777 = 5URA SSG7 ~39S7 ~TERLL —3a7 T
] G000 1.,2000 AL1T72A 5,93]1R 5.2RAR 9675 .0A24 -.6276 2.52219 .N329 -.72R87
#. 2e00 1.500n 5.1703 5.3479 J.ATA9 -, [ 147 = GANH -.J926 -7.14978 LLOA] T.7°56
S0 T3.00 1.8000 1.436R 1.7788 S4HHA -.74573 -.5185 -.1585 -1.6587 -1.43139 -1.94965 .
. 4,n0  2.n000 JCTAAE 1.315% AT T.h754 2.0286 Z.2240 7.1633 1.1°9n .54ng -
ThrS.00 22,2000 =1.9RAA =1./477 =1.7749 L4200 <ARSE .5961 1.97456 1.2771 l.A471
_A.0N #2,4000  -A,A9P29 ~A 4AGT -6.NaTh -3,8541 -3,.553%9 =&, TRy -3.54R4 -2.h1b4 —7.149] N N
© 7,00  2,30n0  -].4437 -1.3180 -.515A L9465 JAl143 L4147 -.2174 1.0100 L8A21}
R.00 2.2000 1.7737 1.7732 7.05474 Paltit 7.40648 Z2.4068 1.0F79 BPLEED LGRUA
3,00 2.1000 2.6hT7? 2,524 3 60HY 1.91A7 1.6625 1.8811 1.1887 -.15A7 -.1217a
10.00 2.0000 LAa01 .A”11A T.127R -1.3783 -1.3720 -1.05900 -.3715 =T.74799 -.7584
S111,00 1.RNAN 1.3545 . 9ARLA AR50 =1.7510 ~1.4354 -1.3272 +3577 1.209n0 1.4749
2 12,00 l1.600n =),8157 =1.9801 =2, 732 -4,1R4A ~3.6522 -3. 8965 =3.2474 =T.723nn =T7.93e2 o
-~ £ 13,00 1.2000 5.59720 S.4TARN 3.5410 5.3922 S.7374 5.1975 2.94272 2.R0A6K 1.7712
o la,n0 .90nn 16776 1.1N&S =T.4739 5.1084 4.5A139 4.4503 IR -3,M379 =T.1574 -
< 15,00 LA0NN -14,9077 -1A.4216 =17.711% -9,0729 -1N0.R423 -9.621a -3.17207 1.8545 JalP4
. 160V LU00) aenapansd TesRRaLw AooBIFeE Foogneoon Lo AR oy [LRE: R TR Tooeooon L X Al avadon EEeae

9¢ L
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TSI Aol

DIFFERFMAE RETWEFN ¥ ANMD CALCULATED v

INPUT X

TNPUT v 2NN 0ORFQ  ABA APNFR  4TH DRDFR  STH NAREQ  ATH NRNER 7T ORNER ATH ABAFR SR ARRFE —10TH AoREds
0.00 1.00n00 - 0R4LA ~. 0967 -.Nb92 -, 00R/0 .0005 0040 ~-.00AR ~.0nna L0012
1.00 1,2000 N741 L0712 L0R1G 0114 L0010 -,0075 .03013 L N0D4 -.n037
2.00 1.5000 NTTA L 0R04 0572 -.nn7n ~. 0069 —. 0056 -.0379 075 .N750
< 3.00 1.80n0n 0258 .N320 NUHH =-.0134 -.0093 -.0029 -.0299 -,0p883 -.0358
. .-4.n0  2,n0nn .n1ag LNPET T2 L0375 L0406 L0345 .N5%g L0374 OO
S oE 5,00 2.2000  -,0423 -.N3g2 -. N340 L0092 «0151 0131 063 . .Nral NiRLY)
T 6,00 -2,40n0 - 1A0A -.1583 = 1&651 =. 0950 -. 199 =. 1005 <. 0A53 ~. 064y -.0S18 77
7.00 2.300n -.033> -.N303 -.N119 L0195 WN161 .0095 -.005n .N233 02073
A,.0n ?.200n .n3en RCEED) PLEI LNANG N529 0529 L0738 L0734 Lning T
9.00 2.1000 LNSA0 .N53) 0716 L0403 0349 . 0195 07250 -.n033 ~.00A7
. 10,000 2,.0000 NITH L0124 L0278 =, 0278 - 0278 =. 02143 = 00A% S S A -.0151
11,00 1.8000 WN264 0174 N9k -.0317 -.0259 -.0239 0064 0?18 L0301
- 12.00  1.600n0  =,0243 =017 = 04kh0 = NRAS -.058% - 0623 -.052n =, G{97 Z.n300
13,00 1.2000 .N719 .N457 NaPy 0R4T .0684 . 0623 .0353 .N313 .N213 e
“ 14,00 .8nno LN1PR Ann -.0133 LNGRN L0611 <0a0] L0130 -.N273 - N85 B
7 '15.00 L6000 -.1014 -,09385 -.10h3 -, 0544 -.0651 -.0565 -.01R? 0111 L0075
16,00 0.0000 EC NG0A LA7S L0171 L0188 R R T SNNGA —-.0MAa = .nnna
- -

LEL
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

APPENDIX 3

OVERLAY 52 "RC22"




003

COMPILE

*FNVERILAY

_.0n26

0n2z

~0128

0n2a

_..09230,

nnil

0032

01313

_0034

nn3s5
00136

- 0N2n
nNn3q
0N460
0Nas1
004>

0N43

0Nnay

0n4gs
0N4h

0onav
NN4A

T 0N4a

0nkaQ
0ns1

0052

139

S N . | : 1226 31/0R/P3  PAGEOCO2

*RC22%

P

»

SHRDRAGRAMS ..,
i ke kakk s

e
CCENTRY,,FE(THLRCLASH,OTVUP
~e
g pm———u - re—— e —— W, & W C e e g ax L
+e
T ENTPIF3 ... T
PP kkb kR
 CFMTRY
e _
B T I L L e L A I T I T T T
SHURPANTTINF CENTOY

_ trENTRY TN THE _WHNLF DFFTAMFHIAD COLUMN MannLE

f

?

e

*
5

*

=

+

o=

hPUﬂLIC/PnlUMN / S ( )-n(v).QT()v“\f)’TGLF:y}lpﬁ:!prpU"N

_PURLIC/ROSYS/INSYS,TSYS

PURLIC/ICP/R1yR2+FCHeFYo XSLaYSL oPP ()9 TWARNG .4,
TEPPoKSYY CNVeNNUR () ,MNFRT )
CNV=ST(0)

R1=CSP( 1,y 2=KNLIIMM)
A2=C5P (2 2=KNLIIMN )

ATCOMPUTE THE FFEECTIVE LENGTH NF CNLUMN TO RE CCANSINDEPED

CCALL EFLTH

w*V=0

ATTEST IF BFAM NAR CLASHING IS TN RE GAMSTDEREN

TFIMS(20) GTe 0) CALL RCLASH

~ IWAPNe(

LENGTH({P (s )eN)

+

TFIKALUMN ,T0, 0) N=NS(17)
MM=KLIIMN®MS (2)+]

Rl
k=0

CTF(YSL oGTe 0 NP, VS GTe C) TJa?
t:ﬂPHT ALL LNAD CASFS AT HFAn AND CnnT nc FﬂLUMN ru AppAv Dp

 X1=P(2+1)

NJ 10 T=MM,N
GOTN(Ss6)e T

PART AME TAP SHNDT. A AL ITMNS

INC = ? -
TR=1

X2=P{4s1)

Y1=P(3,1)

Y2=P(5,T)
X1=8R5(¥1)



nnsa
0onss
N5k
0n57
nns5y

ansa

0Ne60
0161
N6
nne1
0064
NNk5
0NK6
0na>
nneAa
DAL
nn7Q

SRTT

nnz2
0173
nnze
0nzrs

L0076

nnN?z?
0174
079

0NA0

nngl

0onn2.

0NR13

ALLLS

ONARS
0NRAK
aonn?

0188

nnRa
0nnagQ
0991
nnaz
nna2

_nnas4

0nnasjs
0196
ona?

- 0on9g
0onaq

0100

n1o1

0102
01013
N104
0105

010A_ .

0107

0108

0109

0119

CCOMPILE AS-COLUMNZYL
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Y1=A8S5(Y1)
Y2=A05(Y2)
JEIXLeGT o X2 AND Y1 GT,Y2YINCe]
TF(YT LT XP AND, Y1 LT, Y2) TNC =1
TEIX1.L T, X2 ANND.Y1,LT, Y?)T°=7
I2=2kTR T
T4=h=2* 1R
T3a1+42%18
T527=2%1R

LENGTH{TP(,T1),M10)

NlltNlO‘l__& ‘ B
LT T e
IK=TK+1
DFDFFTNFfDO(o)vTK)o(DD(QTK)vN11‘
1p22-11

T7=T1-1

X2P (T2, VKTA+P(TLsTI#T?

YaP (T3 TIXTA+P(T6,TIXT 7
Y=ARG (Y)

T T

pprorK’ﬂn(I TYe Yo Y_

NN 19 119=64,N11

_ PPLJ19sTK)I=TP(J1Q=3aT)

i

20
*e

=

*r

CONTTNIIF

_CONTINUE

607010
X=P(2+])
Y=P{3,T)
YSAnq{Y)
Y=ARS(Y)
¥X1=P(4&4y T)

_Y1=P(5, 1)

TK=TK+1

11X=AR°(A“AY1fX1.X))* “

Y1Y=ARS(AMAXTI(Y),Y)) %, 4

XX= o 6RAMINL(Xo Y1)
XX=XXbo hRAMAY] (X] 0 X)

WY JAXAMINT(Y.V])

YYuYY4, 6XAMAXI(YLLY)

Y=ARS(X¥)
TELY LT, X1X) ¥X=¥1X

V=ARS (VYY)

o TELY LT, Y1Y) Y=Y1Y
+4 - -

A PART TWN FNR SLENNFR £NLUMNT

DEanTNL fDP(.).Ik)
LENGTHUIP(,T1eN10Y
N11=N10+3
REDEFIME(PP (4 TKI, NI

N EARERLALIABERATS L5

NN 119 419=4,N11
PP(J10, IK)=TP(J10=3,1)

_CONTINIE

177k

231/08783

PARFEONN3
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_CNMPTLE AS=COLUMN/Y 1726 31/0B/B3 PAGFOQNG

012 e GET CNNCOETE AND STEFL STPENGTHS FPNM TNTERFACE
DYT3I T T T ERT=ST I AKOLLI MM T) '
N114 FY=ST(h)
0115 £%  INITTALI7ZE SYSTIM FLAGS NSYS=NIIMRER NF L NANS, ISYS=ClJRDC
0116k SYS=0

T AP
0118 CALL RTVD
0119  IF(TERR,NF.0Y 6N TA 130
0120 PERFNRM P24+ DRIVES
BTFL  RETRN
0122 130  STA®

L 1 T | =
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COMPTILE AS=COLUMNZY ... 1226 31/08/83 PAGE0007
Ning Atk bk kdok kR k kb kR kb ko vk hkd F Rk bk kR kk kxR hkkor &
0185 SURDPAUTING AL ASH
NIAhH ks
nin?’ PURLIC/CR/RIZR2, SXY (o) o NRT,NAD, KSYY
0188 PURLIC/CNLUMME/IMS () «ST()

VIAG A8 TN ESTARLIGH THF PFRMITTFEA N NFE PAPS TN EAFH FACE NF THg 7
n1ag ** YF REAM RAP CIASHING TS TA BE CANSTNERFD
n191 #% KEY T1 VAPTARLES NAMES T8 wueeeC7 CALUMN 7ONE. .
n1a2 *+ (R COLUMN RARP S[7F,, R7 AFAM RAR 7NNF,., RB BFAM RAR STZF
0191 +4 NAT V) JF RAPS [N YZDTIRFCTIAN ANND NR2 M Y=-NIRECTINN
0194 KSXY=1
n195 CR=M5(12Y
0196h nA=M3(18)
n1av (721, 1%CR
. n1rag R7=1.1%AR +*RFAM RAPS TN PATPS NNF ARNVF THE NTHE®
0199 CFR={1+MS(10))*RR**RARP SPACTING SFEF AS14R0 TAQLE 6741
0200  1115=AMAXI1(C7,FR)
0201 X=21,5%ST(12)  *+4DTTTN FNP AGGPFGATF SIZF
n20? N15= AMAX1(R7,CR,Y)
07013 L=p -
0204 IFICR.GT.24,0)1=10
0205 NAl=0
07206 NR2=0 .
0707 X1=¥X/1.72 CETMTINTMUM CNVER 1,25%AGGREGATE ST7F
0208 C=AMAX1(40.+ST(O) oY1)
0209 CIFIMSI20) NFE, 2)NRT1=(R1=2*(C+L+ULlB)=D15V/7TULE+D15)
0710 B TFIMS(20) JNE, 1INRP2=(RP2-2%(C4L+U15)=N1K)/(11154+D15)
n=11 nEnFFrufTEXY(.\.zv.(SXY(.1v.?v.(§¥Yt.1\'?)
o212 ___** _
Nn2113 SXY(241)=(RI=P*C~UIS)/(NRT+1) T o
0214 SXY(2,2)={R2=2%"=U15)/(NR2+1) =
0215 SXY(1e1V2SYY{2s1)4U15/7
0?16 - SXY(1s2)V=SXY(2,2)4U115/2
0217 +e
0718 RETUYPN
0219 FND e T




N124 Ph kb rhehdk bk k b ke bbbk kb s kMR ksk ek kA b &

0125 ~ SHARPANTING EFLTH 143
0126 +4 ok ok ¥k e vk f ok ade Ao de ok ok ke e ko
n127 W -
0128 PURLIC/COLIMNE /KN UMN, (L) 4MS()
Nnt2aq T4
0130 _p”nLIC/CP/ElvFXoEYoYSL'YS|ORIOP-?
0131 Uk
0132 *+ CALCULATION OF FEFECTTIVE LENGTH IS AGGNRNING T CP110
0133 +% EQUATINNS = LENGTH T5 FANSTNEREN TN ROTH X AND Y FACES
SRS o 3 | NN, 5 S I
0135 T=2+KNLIIMN
N3 Jal%3
0137 Y1=GLI10)
0138 X2s6L(12)
0139 Y1=GL(11+T)
_olaq o Y2=GL13+01Y - - L
0141 OL=GL(2+J) o )
0142 02aGL{3+J) -
01413 K=MS(5)
0144 ~e
N145  X=AMINL(Y1,Y?)
. ....Dhlae Y=2AHIN1(Y1,Y2) = —
0147 T1=k o . -
0148 TF(I1.F0D.4) Il=0
N1.49 T2=11
M5S0 TF(T1.1T.2) 60TN 2
0151 T1=0
... 0152 __T2=q o R ) _
’0161 TF(KLEOL2) T72=1
0L o JFIK.E0,3) T1=1 N
0195 e
0156 3 F1=N1%(474,3*%714( 054, 1%T1)%(X1+%X2))
0157 F2=N1%(,A541,15%T14(,054,25%T11)%YX)
_ 0158 o IFtI1.EQ0.0) GOTN ¢ S _
N159 Fl=F1=N1%(X14X2)%%2%0,N025
0160 ———___GOT0 8
N161 6 El=AMINI(F1.Nn1)
ne2 8 EX=AMIMI(EL,F?)
0163 e
0164 E1=02%( 74 ,3%T240,054,1%12)%(Y1+¥Y2)Yy )
0165 E23N2%( 485414 15%[24 1,054, 25%12) %Y)
066 ~~ TF(I2.F0.0) GOTN 10
0167 Fl=FE1=N2A(Y1+Y2)%32%C. 0025
0168 - 6ANTN 12
N16A 10 E1=AMTNI1(E1,02)
_0v70 12 CY=AMINI(EL1.F2) .
0171 *+ SLENDFRNFESS RPATIN TS CALCULATEN AS FALLOW
0172 EL=AMINIIFX,FY)
0173 YSL=0
OYVe4 . . YSl=Q
0175 F1=EX/(0.3%R1)
S— 0176 E?=EY/(0.,3%R2) R
0177 TF(F1.6T«20.0) XSl =0,3%F1
0178 _  TF(E2.GT+20.0) YSl=0,3%F2
0179 XS
0180 e
n1s1l PETURN
_COMPILE AS=COLUMN/1 1276 3170R/R3  PAGEOOOA
0oln2 e

e RN SRR T TR
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127  11/08/831 PAGFOCOR

0?20 ff***t*ﬁ**tt#******#tkt*#***k**t******t***\Iri:k*\ktt*tv&***k****t*i
Bk ' "'HRL‘HU"’[NF BoTVD
nN27? HIGH CNEFD,Ap -
03213 TBURLLIC/CP IR A2 COEFA (s 1y COFFEO (4 o) g (MU ECUsFYoSLNPE() g e,
0226 TERRNNFER () e PMAX, PMTN
TRASETTT ATTERNSYITN 0 T, Y. CRT. Y, STy 7 7 T e
0726 ++ ST PMIN
0927  OMTN = 0,505 * FCIl
n>28 *+ CALCILATE GXGY,GXY
n379 T+ ASSUME 36MM RARS AND 10MM §TTeR(pg
02130 GY=(RP=2%(CNV+1R+10))/0? -
%31 - AY=(R1=2&(COV+1A+1011/0] I
07232 GYY=AMTNIGY,GY) S
02313 £+ JUMD TN CAFFFICTFENMT SET NFPENNTNGA NN MATERTAL PRPNPS
0236 TFIFCULFO.25..AND,FY,E0,230,Y £NTN 100
GEEY TF(FYMEL410.) GNTA RS o
0236 TF(FCULFQ.25,) &NTA 200
i 0937 TIF(FCULE0.30,) GNTA 30a - o
N?3§ IT{FClI.FD.,60,) GOTN 400
0?39 TTF(FCU,FO0,.,45,) GNTA ®00
0240 6NTH 8s
n241 10 IFL=0
0242 15 TFL=TFL+] - N e
0541 A*FIND RATINS TN BE NSEN TN MONTFY COFFFTICTFNT SET
0744  TFUIFL.EOL1) G=6GX
0245 TFUIFL.FQ.?) (=GY
0246 TF(IFL.ENGA) G=GXY
0247 TF(IFL.GT43) PETUPN
0243 TF(Gelie0eheNRGGTL1.Y GO O8
0249 IF(G.6T,0.7) G=0,0Q -
0250 ___IFlG.GF.0.7) GNTN 2N
0251 GH=(G=0,6)/0.1
0252 _GLl=1-6GH
N2513 TL=1
0254 IH=? I N S e SV S
0255 6GNTO S0
N°%6 20 IF(G.GF.0.RY GNTN 30
0757 GHe (G=N.71/0.1 '
0258 _GL=1-CH o
0259 IL=2
0260 TH=? I
T 0%61 GATN 50 A
n242 30 GH=({G-0.81/0.1 _
0263  GlL=1-GH '
0264 N =L .
026h 50 IFITFLLHNEL3) GNTN 55 .
Y567 ' TL=tL+e -
N26R TH=TH+4
0260 A PRANURE THF MANTETEN CNEFETCTENT SFT EAR THE TYPF  CONSTNER!
0270 55 NN 65 Jd=1,8
0271 ' NN 60 K=1e7
n272 CAFFPITFLeJ9K)=CL¥CP(TL o JoK)4GHROP (THy oK) :
0273 ) CANTINUE T
0274 &5  CONTINOE )
0275 nn 70 Jd=1,?
0276 COFFR(TFLe ) =Gl #CRITL,J)4CHRCRITH,J)
Vi %o B A - N l‘ﬂllT?lllll‘
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0279
0?79
0280
02n1

145

_SLIPECTRLY =
GNTA 15
[EPR=TrFP+1

Gl

MESSAGL*RIUIN ARNRTEN =

SKTP(2YLINES

0283
07284
n’as
N?2RAk
0287
02an
n?rqQ
0290
0291
n292 100
0°93

0294

ah

PRINT 36 -

FORMAT(®RUN AQNRTED -

CRETOONM
TERP=[EPR+]
"MESSAGE®R N

_SKIPU2VLINFS
PDINT Q6

FORMATUI*RUN ARNETED -

RETIRN
(‘b(l 1 1".00
1.00084672Q460100,

-4 0250520139779,

n?a5
0296
0297
0298
0299
0300

s 00N01046947018
) Cp(lﬁzvl,?o-o

1.50914280002100«

~.0363592 7018346,

«000003011R44EQ
Cp(10391"...

o ST

ARNPTEN = INVALIN 6

17226

TMVALID FCU NR

INVALTD FCU 0P

*e11601303076220,
200 B 062908 =

«17537012891300

 J0036R44K21°0220. —

0301
N30z .
0103
0304
0105

0306

2+325630R855124060,
=+ 0345646569771 7,

«0NN0N1L04208025
Pptlﬂ“’l,—.oo o

=.0275591234R774,

2.90706716047600Q,

0030364573AR43y
 L0030B8R31254224, —

.0849533R411169,

«1A118650R73150s
+00185412597821, =

_31r08/83

»00251398203350, =

=2AGFOLCNA

+ GH * SULITWY

FY*t

FY+)

VALUF*

TMVALIND G VALUE®)

«107449413035700 44,

2131003914864100 4.
«000171192813C3 ..,

2147270716853100 4.
w00012612512167s 4.

.00010?1‘369619’00 ®®

©0A2R32542379G5, ..,
«000073654771 8%, ...

0307 «0ND0015650K0NAD
_0108 rD(l’R 1)‘0-0_____ L
0309 2 6006000706?000.
0310, ,ﬁﬁﬂloaﬁlﬁzlﬁﬂsx
n111 «0000010750125A
_.0312 . CP(1ebel)=,,,
0313 4.00004728021600,
_ 0314 =e02023883320900,
0315 . 00000097572470
0"!16 - ('pflr 701)'_.._.______
0317 4,6764636A0082701,
0318 -+ 01030046214275,
0119 .N0000N51973321
0320 __CPl1sRe1V=00e
03721 5.76159200529000,
0322 -.0N523072290A83,
n123 «0NNNN021792729Q
;(\1?4 _n - rn(l!],—o.o
0125 -.1001, 7,6000
0326 ** o .
0327 P(2s191)=0ae
0124 ._013ﬁ57ﬁ15451oo.
01329 - 027261066ER510,
.. 0330 +00N000131967°77
0111 Cn(?v?ol)‘ooo
0332 14709694820609800,s
0333 -.022700014600705
N334 ____+0000013943096k0Q

«12716307066510,

«001R117R453041, =

L21127951957770,
+0009RAABA50TT4s ~

«76390074331600,
«000598670R0BL7T,

o 1A60RT14RBA1570.
«0N?23I6A22575B5R,

22366Q203060430,

«002110562064897,

«NH6RRIBRGAT24LAT, .,

«0130R1421523204,.,.
+000037R4470103s .

"001 7_H_7f:(;l:67ﬂ 2?‘“! 88 (
=-,0000235425A3775 60

«11C116744039605 ¢ .
= 0000QVHAIBAT 250 40

o 0768932934824Gy 4,4,
—.0000“7996311 ?_0’ e e
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OVERLAY 54 "RC24"
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. A7230, 31/0°/7P3  PAGF0CO?

*NVFEPIAY
fRCI24 1 ) N N
L TNE
1 1 L N -
0nn? SURPROGRANS .,
k) Pk Rk ok kA
0106 e
01005  DRIVER,SART«ZCNLLNANFINDP+ARRANGs SORTLsPED CALCP,FUNCP
0006 te
R e

0noa *e
0009 - COENTPIFS Jae '
nNN1Q P dekkwd
e 5 Y )
om2 NRIVER
i Y e S S e
nql 4 +$&*tt#*****##ﬁ***#i*m* ek a de ¥ ok kb Ok F ok ok e sk ke koo sk e o bk S ol W ok e b o o ok W 4
0on1s SURPAUTTINE NP TVEP
0nlaA [ I
0n17 re

L ON18 PUALIC/COLUMNS/P(,), FLOY 9 STEYAMSOY TGL (o) o KNLUMN

N1 e

L0N20  PUBLIC/PCSYS/NSYS ,TSYS, TTSYSeSLN(s)s LNRTI)
S0 o ( . e Lo Y Nls)aLNBTI
nn22 _PURLIC/CP/RIsR2eFCUFYoMTLaFX,F VY, FIVEw ICNTaXSLs YSLoAA(S)
0nz23 NTAMOYoPCLD()I«CLN(s)oNAFER (41, NOWP ()PP (e)eIWAD
ones o TIEPP, rnY”IQQE'LI{EV(’)'LERCQL!%LL!”NX(’,’"QNYl
0N2s RTAYC ) oSTFELP (Vo RNFEP(ov) s COFFR (o)t SLNeE(Y,,
on26 __CNST(O). _
0nz27 MENTIIM FOFED T
0n28 _ REAL _MONY,MONY . .
nn2q X
nnan___ NIMENSTON LST(e) s LGRPCe) o SLNTEMP (o) S
LER NESTPNY TRALF (Ve LNRTI() o EK () o TERCALTSY

0n32 NaNSYS B
nna3 TNIT==?

L0036 NTl=0
0N3s ISH=1

_0n36 ** POUTINE FNR NRIVING THE CALCULATION OF COLUMN ANALYSTS
0037 TEINITIALTIZE ALL THE CANSTANTS
003 s+ _
nnN3aq  SECA=R1*p> T
0940  FIVE=0.08%SECA
0na1 RENDEFYNE(NTAM(),7)
0ne2 DIAM(1V1=12+16920926,28+32,36
0nna3 *HPUT ALL BAF ARFS (NF PATRS NF RAPS) TN APPAY AR ~ -
0nay 1L TN 7 CORRESPONDS TN 12 TN 26 MM, RAR ST7F
nNnN4gs DN A0 T=x1,7
0N&h RENEFTIMCCAAG, Y, T) ol AA(LT)y30)
L T e R B LA UL AR LR
0048 A)=1.5T1420KDTAMI ) k4 o .
0N4q +4
0ns. ... nn 3 I=1,130
nnNs1 AACS e TV mA SR

.0952  **

0n%13 '3 fANTTNNC
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LGNMPTLE AS=COLNMN/ _._....1730_ 31/08/83 PAGF0N03

0nN%56

THNT1 CNRRESPAONNS TN THE MAY RAR ST7F THAT CAN RF NSFEDP AT CORN

0h%5%8 *TUTTHOUT VIOLATING THE 8 PEREENT LYNTT OF APEA
ansh TF(MS(12) .FO. N) GNTN 59
ons? TF(NTAMITY LGT. MS(12)) GPTN 60
0NsA 5q TFLAAID,TY LT, FTVFE) NT1=T
D G At A AR SR L LA T LA - ~ .
0060 t
0061 RENCFINE(PCID(Y,15) R
09672 KPC=KOLUMNXA4?
0963 PELDIIV=GL(KPCI,GLIKPC+1) *4CLEAR HFIGHT IN X=NIP ANP
LT **CLFARP HETGHT TN Y-NIP
NN6s PCLD(3YaST(9),ST(R) +*CNVER , KICKER ST7g —~
0N66 1 _
NN67  PCLD(S)=YSL+YSLs0+0 F*SLENNEPNFSS BATIO IN X=NTR , Y-f7o
On6A bk
NAKpa ' PCLNIO)=SFECA *+SECTTAN APEA
0970 e
BGLEA NS ~ PRLD(I0V=SFRARR *A2/19 TFINEOTTE TN Y=p7o — -
nn?2 *e ,
onzia CPCLD(11)=SFCA%RI*R1/12%+ JNEPTTA TN Y=NTPO
0N76  *+
0nzs PCLDCI2)Y=FXoFY ++EFFECTTVE LENGTH TN X=NTB o Y=PBTP
an7eé T4 ;
00?77 TFFINTTTALIZE GHNART FOLUIPN FLAG 1 TF SHART. 0 TF SLENDEP
0n7A X
nn7aq IFIXSL .GT. 0 NP, YSL .GT, 0V TSH=D t+COLUNMN TS SLENDER
0ngo TTSYS=TSH
oA
_onm2 IX1=10
HLLER **  THE FOLLOWIMG TF() WAS CNMMENTED NUT RECAUSE ASCOLIMN
OOHQ ] *‘P___ ___D_n_E_S_N_f]__T_I_T)_]‘_F_EEF_’ENIIt_\TF_RETHF[H SHARPT NR LNANG
0ngs te TF(TSH (FO, 1) T¥1=R8
_0%a6 %
0Na7 LENGTHITGL(+)sNGR)
DL PENTEINE(LGPP (4 Vo NGR) -
oneaaq DN RB JRB=1,NGP T T
nnan. ____._WQTDFFIMF(IGPPf.IHB\.?)
nnal a8 CONTINUE h ' i
0")0? LX)
091 TACREATE AN TMTFRFACE ARRAY FNR SORTFN LOAN CAMARTNATINNS
0NNa4g nn & T=1,M
5Ras = o e
L0096 REDEFTME(SLNCs)sT)s(CIDCL),T) o
- 0N97 *r
IGLEE _ LENGTH(PPI,T),N11} o B
0naqQ RENEFTNE(SLD(oT)yNTI )5 (CLN(oT)sTX1)
0100 te
0101 FOUATE & (SLN(sTV1s8)el(PP(eIVsP1Y
N1g2 *e
nN103 Y=1000 ' -
0104 t4
n1ns NN 4 J=1.N11
0106 TFEJ oNEe 1)X=1FA  ** CHANGE UNITS TO N AND MM
0107 e
L0108 TFLJ 6T, xs1
0109 SEN) =P1(J) *Y
0110 te _ o
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Toviy T “NESTPNY PP
nlla +e
0115 - LLK=1

L0116 55 SN . L
R e s o ———— A
0118 . CALL SOPT(SLDeMsLSTLLKsLGRPNEP)  #4 SORT LNAD COMRINAT
N11n ~e
0120 SWAP(SINDCe) e SLPTFMPL 4)) +4CNPY SLN INTN SLNTEMP
pada: _|;6 - 3 (o) 2 _

. 0122 **CAOPY SLNTEM® RACK TNTN SUND TN CORPFCT PPNER NF AYIAL LNAD
T R T (DRPFCT OPNER NF AYTAL LOAD
01246 SKTP (§5) LIMFQ
N125 © MFESSAGE % %%+%x%% | OANINGS CONMSTINERFEN TN NESTGNA
0126 SKIP (3) LIMES
n127 PRTMT 100
N128 100 FNPMAT( 1X,+1.0AN AXTAL MOMENT=X%, .44
01?0 T 4+ T T MAOMFNT-— Y+) N T e e e o .

0130 PRINT 200 ) - o _
n13 200 FOPMAT(1X.+*  FNeCF STPESS  FNRCF  STRESS*e...
n132 - * ~ FORCGE STRESS™)

0133 SKIP (1) LINE '

L0134 DO_6 TLK=7,LLK — I .
n135 IF(N 6T, 1) ¥SS=({ST(1,TLK) - -

0136 TFIN 6T, 1) KFSelST(2+TLK) - B
01137 DO 5 ISYS=KS5,KF&

. 0l3s IflﬁYS [
0139 EOUATE 5 (SLDTEMP(,T)sW)

__0140 IF(WE1Y LLT, 0) GNTN_5 R -
0141 J=Js]

042 REDEFINE (SLD(e)sd1alSLD(ed)e3)
0143 FQUATE 5 (CLD (o ) oCho(SLNTsd Ve SL)
0144 SLOLY=vi1Y *eAXTAL LOAD TN N_ . _
0145 SLI2)=W(2) ++ MOMENT=X TN NMM

L0146 —Ll3)=uW(3) it ONEN T =Y TN NMM
0147 ce1y = 0
01438 C(2) = W1)/1000  ** AXTAL LNAD IN KN
0149 Ct3) = Wl2)/1ER - +* MOMENT=X TN KNM (TNIT)

0150 Cl4) = W(3VIFAR At MAMENT-Y TN KNM (TINTT)

0151 c(5) = 0 *4 WIND EFFECT NAT CONSIDEREN

0152 Cle) = SLI1V/(SECA) tHAXTAL LODAD / BH —= IN N/MM2
0153 C(7) = SLU2VI(SECA#*R?) ++INTTTAL MOMENT-X/BHH —= TN N
0154 _€f8) = SL(3)/(SECA*B1)  +*TINITIAL MOMENT=Y/RAH == IN N
0155 PPINT 3004JeC(2),Cl6)1sCl3)eC(7)sC(&)eC(B)

N156 300 __fﬂDNAT(ljo?oZY,CIO 39F74392X9F10439F74352YeF10435F7.3)
0157 5 COMTINUE
01538 6. CONTINME
0159 NSYSald - e a '
0160 _SKIP (5) LINES
0161 MESSAGE thkk#%%k SECTTAN PROPERTTESH
0162 __SKIP (3) LINFES . =
0163 GY = (R2 = 2 % (COV & 2Q))/n>
01646 ___G.V__g_'(_'j_]__-_? ¥ (CNV & 2BI)Y/RY L
0165 PRINT 400+R1eR2+FEXsFY
0166 400 FORMAT(1Xs?R] =teFA,2e* A2 mt,FR,2,* ELYX =teFP, 2% FLY
0167 SKIP {1) LINFS
0168
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n170
0171
0172
01731
N174

)

e
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CALTL 7C0LLNAD  *+CRPEATE UOARTHGE €ASE TYPES
CALL FINDP  *4DETFPMTNE NESTAN STEEL PEPCENTAGE

TR(TERP .ME, 0) RETURN  TTPETUON TF ANY EPRNPS WERE ENC

0175 e

Nn174 CALL ARPANG *TAPRPANGE STEFL PERCFNTAGES TN FACH FACE
0177 +4

0178 *e TF{TERR NE, 0) RETURN ++NN NAT PRNCEDE TF ERPNRS WED
5170 —— 4 A .

- 01RQ DESTRAY MNNX( o) s MONY {4 ) yRTAX () e STFELP(, )+ NEFB (4 )9 CAEFD
01g1 T DESTRAOY SCAPE(YeCOST(Y T T T mm T
0182 _MESSAGE * REFOPE CALL _TO PERFORM PECNUT *

0183 PERFEAPM 2APECANTA CRNAUT
N1AsG 44

hiRs T ;TP
oia6 £Hn
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ovnz

0180

nipa
niagQ

A ok okl oo ok ok ok ok o ok ok o e ok ok ok ok ok sk ok ke ok ok b ek ke ke ik ok Rk ok kR ok ok & &

SURPANTINFE 7CNLLNAN
PURLIC/CNLUMNS/CSP ()

T PURLICIRCSYS/NSYS,SLD(s Y, LNRT()

4% NOTE THAT UNTTS SHOULD BE NEWTANS AND MM

rr
20

a0

BXaSL1%*,03

PURLIC/CR/RIs PRI, RTAX Lo s TRTAX, TFLAG, IMON, MONY (o) 9 0s

TTHANY () s MSYSX S NSYSYGNSYSRGFCXWFCY

REAL MONX,MOMY

NEW PAGE
SKTP (5) LINES .
HESSAGIT *®%*¥¥% NESTGN LOAD CASFS AFTFR ===== +

MESSAGE * 4) PEMOVING FENUNDANT LNADS*
TMESSAGE + 7 R) APPLYING ADDITTNNAL ECCENTRTCT
MESSAGE * ) APPLYING REDUCTINN FACTNRS*
SKIP (5) L INES

YATAY=0

_MSYSX=Q

NaYTY=0

NSYSR= : . . )

FCY=25 + J01%R2> +4 4 MAX(CSP(L=&)yCSP(244))

ECY=25 + 01%R1 *+* + MAX(NSP(1+33¥+CSP{2.3))

ECXY=MAX(FCX,FCY)

DN 10 T=1yNSYS —— G - —
TF(SLN{1«I) oL Tan,) GNTN 10

SLL=5LD(1,I)/(R1%R2)

SL2=SLN(2,11/(A1%R2%A2)

SL3=SLNP(3,T)Y/(R]1%R1%RD)

RY=5L1%.03

CIF(SL2.GT.AX.ANN.SL2,GT,AY) 6ATA 20

REDEFINE (MONX(, TMIN),3)

ITMON=TMAN+]

PENEFINE (MONY(e)eTMNNY

RENDEFINE (MANYU(4) s TMON)

REDFFEINF (MONY({sIMON).3Y
MOHMX (1, TMON)=SL]1 _

MAONY(1s TMAN)=SL ]

_MIMX (29 TMON) =12 #SUL*FCX/R2

MONX(3s TMON)Y =T
_MOHY (2, TMON)=SL3+SL1*ECY/BY

T OHONY (3. IMON)Y =T

~ 60TN 10

"RIAYTAL LOADS MAY NFED TN RE CAMPTNFEN USING FAGTNR

IRTAX=TRTAXs]
PENEFTINE (ATAX(,)TRTAY)
RENEFTNE (RTAX(,IRIAY),3)

RENDEFINE (LNPRBT(),y TRTAY)

CRTAX(1.JRTAXI=SL1

S 3

RTIAX(2, TRTAX) =S| 2 & SIL3 & SLI*FCXY/AMAXI(R],R2)
RYAX(3+TRTAY) =T

LNRATOTRTAYY = T

COMTINBE

TF{THOM ED, 0) GNTN 10

CCALL SAPTL(MONX,TMNANGNSYSX)

CALL SNRTLIMANY,IMON,NSYSY)
TFLIBTAX.EN.0) GNTD 40
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0245 40 TE(NSYSYXL,EQ.0) GOTN 50
0744 ' PEDEFTNFIMANY (<) o NOYEY)
n247 REDEFINF{MONY (4 NGYSX)s3)

0248 TELAG=1 T '

0249 MESSAGE ®%% MONNAXTAL-X* )
050 TTCALL PEDTMANYLNSYSYY

0751 SKIP (5) LINES

0252 50  TFINARYSY.FQ.0) GOTN A0

ns?53 REDEFTNEIMANY (5, )4MSYSY)

02564 i "E?HTETﬂfTMﬁﬁVT;ﬁﬁVQYitii“

025% _ TFLAG - B

TTTTTanse T HESSAFF EXT MONOAXYTAL=Y?* o

na57 CALL PFD(MONY,NTYSY) o
E— St TTE e .

0259 60 IFINSYSB,EN,0) GN TN 70

0260 " PEDEFINF (RTAXle) .NSYSR)

0?1  REDEFTNE (ATAX(sNSYSR),3) i B
S50 FETRET e s i . -
0263 HESSAGE *%+ RTAXTAL LOADSH -

0264 CALL RED(RTAX,NSYSR) '
0265 70 TF(NSYSX (NE, 0) RETHEN ]
0266 IF(NSYSY (NE, 0) RFTURN )
0767 TF{NSYSR (NE, 0) RETUPN
T 0%68 MESSAGE *xx% ALL LOANS WEPF FNUNN TO RF DFnHNnANT*
02  RETUPN R R
nN239 EMD
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0294

1230

31/0R/F3 PAGFQOOR

n?71 T*k*k**k***i****t*******‘**t*#**** t**i*****&****t**#***&***#**
N372 SIMBNUTIMFE FINDD
02713 PURLIC/CP/MONY (<) oMNMY ({4 ) 4 RTAY(4)eNSYSXs NSYSYsNSYSRs,es
A74s T STERELP( o) TFLAGSHNN[P {4V, TFPR
0275 PEAL MONYX, MONY
07276 T REDFFINC(STEFLP Uy Vo2 Ve (STEELD (4110 3) S (STEELP(, 27430
0277 s HESSAGRE * TN ©TNDP 4+
n>78 IFINSYSX JNF, O) &N TN 5
0279 TF(NSYSY ME, O) GO TN ®
0280 'TETVEYSﬁ"INE. ny 6N 1IN 8§
0?31 . STEELP(1. ll =0 i
WELF] STEFLOM1,2) = O
N2R3 QTEELB(?.lv =N
02R4 STEELP(2e2) = 0
n2a8s STEELP(3s1)Y = O
0286 CSTEELP(3.2) = 0
N2R7 PETHRN
0788 85 NFW DAGE oo - B R
0289 _ SKTIP (5) LTIMES _— R
0290 MESTAGE thkdkk PESIULTS OF STFE{ PEPLENTAGF GALCULATINNS®
0201 B “EIEFLD(l_l)-“_“_ '
0292 STEELP(1e2) = 0O
0293 JFLAG= 1 - o .
TFINSYSX.EQ.0) AOTN 75
0295 __SKIP (3) LINMES
0796 MESSAGF t#x MONNAYT AL=X*
0297 SKIP (2) LIMES R R
0298 MESSAGE® LNAD FNece MAMENT pERC+
0299 . SKIP t1) LINES s L
N300 N 10 T=1+NSYSYX
0301 _ CALL CALCP(MONX(,)sTsS)
0302 TTT = TNTI(MANX({3,T))
0303 PRINT 100 TIT+MANY(T1sI)eMNNY(25T)eS
0304 100 FORMATI1YeI394XeF10.263XsF10.2¢2XsF743)
0305 TF(Se LT« STEELP(1,1Y) 6GOTN 10 = =
N306 STEELP(1,1)=S
0307 . STERLP(1+2)=MONX(3,T) .
030R 10 CONTINUF
013089 15 STEELP(2y1)=0 =
0310 STEELP(2s2)=D
0311 . TFLAG=?2 . B [
0312 IF(NSYSY.,FQ.,0) GNTN 25
_ 0313 _SKIP(3) LINES = . =
N131l4 MESSAGE *d% MONAAYTAL-Y*
0315 SKIP (2) LINES
Q316 MESSAGE®™ LNDAD ENRCE MAMENT PERC#
0317 _SKIP (1) LIMFS L
0111 nn 20 1= 1+HSYSY
0319 ~ _CALL CALCP(MNNY (4 1eT+S)
0320 TIT = TNT(MANY(3, T))
20321 CPRINT 100sTTTsMNNY{1,T),MONY(2.T),S
0322 IFCS.LTLSTFFLP (2, 1)) TN 20
~..0323 _STEELP(25))=S
0324 STEELP(2,2VeMNNY (3, T1)
0325 20 CONTTNpE e L
0326 25 STFFLD(Q.l) 0
0327  STEELP(3,2)=0
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0129 TF{MSYSR,FD,0) GNTN 25
04330 SKTntay [ TNES
N33l NEF.AFF*** RTAXTAL®
0132 SKIP (2) LINFS
n3313 MESQAGE® LNAD FARCE MOMENT
5332 R T TR 054D ol EAR I
0135 NN 30 T=1,HSYSA
0336 "CALL CALCP(RIAY(«)eTs60
0337 IIT = TMT(RTAY(3.T))
038 PRTINT 100 TTTeBTAY(T1sT eRTAXI2,T)sS
_01339 TF(S.LT.STERLP(2.1)) 6ATN 30
G gTier(w'T)’ _ LA ) )
0141 - STFELP(3,2)=RTAY (34 7)
T 10 CANTINIE
n343 35  IF{STFFILP({1e1) .GT, R,N) GOTN &40
LRI 36 CTE(STEELP (2,1 .rT;'E:63 607N =0
0345 37 TFISTEELP(341) (AT, R,0) GATO £0

PERCH

R T R L S LA
0347 40  TERP=TERP+]
N134R re LFﬁCrH(Nan(.lv.N»
0349 ot =N+1
0150 e "FEHFFTﬁtiﬁﬁfﬁ?.iv}&) '
0351 4+ NOEP(Ne1)=STEELP(1,2)%100 )
6352 7 T TSKI® {2y LINES T o
03353 MESSAGE® ERRMP — STEEL PFRCENTAGE FNR X NIP FXCEFNS
Cip e _ X ;
N155 50 _tFDQ=TERF}1
0154 te LENGTHINNEP (4] ) 4N)
....0357 e N=N+1 - e
1153 e RENFFINE(NNEP(, 1) +N)
0359 %t MDER(NG1)=STRFLP(2,21%100
0160 SKIP (2) LINES
0361 _MESSAGE® ERPNR ~ STEFL PERCFENTAGF FOP Y DTP EXCFNANS R,O*
BEY Y- GNTN 27
.0363 A0 IFRR=[FERRs1 e
N364 *e LENGTHINNER (a 1) oN) -
0365 rt  N=MNsl - .
0366 TN PENEFINF(NNFR (¢ 1) 5N
20367  tt  NAFR(NG1)=STFFLPIR,21%100 o
GELY SKIP (2) LINES
0369 MESSAGE® FRRNP - STEEL PERCFNTAGE FNR BTAX FXCFFNS A,n%
0170 BETIIPN T . '
0371 END

PAGFQONQ
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n17? ??*t&t*#****ﬁ*#*i**t*t*ttt#*t**#t*tﬁ*i**i«****iittt**t**tt***o1
0171 o SURPIUTTINE APRANG
013174 PURLIC/CNLUMNS/ MS() .
nirs ' PURLIC/PCSYS/ NOYS
01376 __PURLIC/CR/BI+R2+CIN{ o) e CNVaTRAPS(4) o ICNTvose

0377 ’ TERPAKSYY,NRTpNB2yNNFF (o )y JUBCNGNAWR( Yo NUTRALs 0 0o
0374  STEFLPUe) e TRLE (Y e SXY (s )pCOSTIVaNTI 97N )0 oan
n379 -  ASCeFH (e )eALP () s FCXF L YoeTFLAG, TWNRyNSYSRByPMAX,PMTN
0180 LOCAL NRTRART7) 4 TFACEY(7)« TFACEY(7)oEFFRAP(7)s TDTFFX(7),,
0381 INTEFY( 7)o NSPACYX(7)eNSPACY(T7)wAST(3) s NFACEX (7Y
. 03R2 NFACEY(7)sSPACEY(7)aSPANFYIT7)3SPY(7)4SP2(7),%0°"
Nn193 INTEGEP TleT2
0384 +e MESSAGE * TN ARPANG * -
03ns IF(STEFLP(1,1) .GT. C.0) 60 TA &
- nask - TF(STEFLP(2,1) 6T, 0,0) €N TN 5
0187 [FISTEELP(34)) 4GT, 0.0) GN TN 5
_.naea IF(B1.6T.R2) STERLP(1,1Y=1.0
0189 TF(RLLFL,R?Y STLCIPI{?2e]1)=1,0
0390 : 60 TN 6 e
0391 5 TF(STEELP (1ol el Tele0oAND  STFEI® (19114GTa04s) STFELP(T1a1)
0302  TF(STEFLPI2+1)elTe1e0eANDSTEELP(2,11.6T40.) STEELPI(2,1)
0393 TFCSTEELP(251) ol ToleOoAND STEELP (291} ,6T,0,) STEELP (3s1)
L0306 6 IO S T=0 e
0195 NEW DAGE
0396 _SKIP _€10) LINES E
013197 MESSAGE * hkkddkkkddkdhdhkks
n398 _ MESSAGE * DESTGH SOLUTTONSH
0199 MESSAGT 3 a&*t*t**tt**tti**f
0600 SKIP(3) LINES e
0401 : MESSAGE *%% TAPGET STEFL PERCENTAGES *
N402  SKYP (1) LINES .
0403 PRINT 700sSTEELP(141)eSTEELP(1,2)
0404 700 FNRMAT(1X«*MNNN-Y = =%*sF5.2«% = DERIVEN FRMM LAADING NN,
0405 PRINT ROOSSTEELP(?2,1)eSTEELP(2,2)
L0406 80Q_ FORMATU1X.*MONN-Y 2teF5.2s* ~— DERTVEN FRAOM LODANTNG NN,
0nQ7 PRTNT Q00 STEFLP(3,1VsSTEFLP(2,2)
_.h4608 Q00 FORMAT(1Xe tRTAXTAL =t«FS542s* ~— NDFRIVEN FROM LNANRING M0,
04609 SKIP (2) LINES
N610  PRINT 105 o _ . e e
0411 105 FORMAT(1 X, *SOLN RAR NDo NF STEEL PERCENTACGE

e 0612 PRINT 200 - s e

0413 210 FORMAT(1Xs® NN, ST7F RARS*)
Nels o PRINT 300 R B . S
N&al15 nn FAIRMAT(1X.* X Y ¥ Y TATALYT)
0616 SKTIP (2) LINES
na1? re MESSAGE * AFTEP LAREL 5 4
n&1g  +* MESSAGE * R]1 = *sR1,%* R2 = +,R2.* COVER = *,0NV
TG ! TrnsT-1oono."‘_'”“ 2T R = Tl = LA O
0420 _D¥1=R1
0n21 B nYi=npy
D422 - PT = 1,16159
04213 PP
0424 _ _** DEFTNE CNST APRAY i
0425 ,+4
0626 DEFINECCNST()WNT1) _
0427 DO 10 T=1,3

0428 ASTUI)=STEELP(T,1)*R1*82/100,_
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N420 10 CONTTNUE
n63l N7 50 T=1.MNT1
0432 NR=&4 % LNV (T42) i
Na13  HAR=PT * DR *NA / 4,0
0436 NBTRAR(T)I=4%xINTUI((ASTC3)/RARYX,Q5/4)41) )

T T 0Ras T T T T E(NRYRAR( TV ED.B)Y NRTRARTTIY=12 o
N436 IFACFY(T)-!NRIRM)(I)Ildl-1
AR,  IFACEX{T) = TIFACEY(T)
043R T1=TFACFX(T)/2
n439 ' T T2 = TNTU(TIY
N440 IF{T1.F0.T?2) ECFRAR(I)I=.Q7*[FACFX(I)=-?2,55
Toea1 T B TF(T1MEST2) EFTRARCTV=IFACEYT] =3
0462 IF(TFACEX(TY FN,?Y FFFRAP(T) =0
0463 IDTEFX(IV=INT(.95%, 5% ((AST(]1)=FFFRAR(TI*RAR)/RAR)I V4140 ..
0444 _ - IFACEY(T)

DAGs T IDIFEY(T)=INT(.05% 5% ((ASTI?)=FEFRAR(T)*RARV/OAR)I+1.0 .,
D446 - IFACEYIT) e
0467 TFITINTFEX(TVOTo0) TFACEX(T)=TFACEY{TI+TINTFEX(T) )

0440  IF(INIFFY(I),GT.0) TFACEY(T)=TFACEY(T)+INTFFY(T)
0449 _ CFACT = 0,0111%(I=1)%(T=1) + C,O0R*T + .12
0450 ) CAST(IN=2,0 * LNW(TIFACEX(T)+TFACEY(T)=2) * CFACT
nasy NSPACY(T)=TFACEX(T)=1
____Q'o‘i? L NSPACY(I)=TFACFEFY(T)=1 - L
vas53 NFACEXTIDV=TFACEY(T) S '
B 0456  NFACEY(I)=IFACEYI(T) , B
0455 SPACEX(I)=(NX1—-2%CNV=NFACEY(T)*NR) /NSPACYX(T)
0456 SPACEYIT)=(NY]=2*CNV=NFACFY({T)*NRI/NSPACY(T])
0457 ND=1.5%*NR
{ ____'__0__4._58______ SPLIT) = 1_()_0_,0 * RAP % 2 ¥ IFACEY!I) ! (R‘!*_R?_)______________
0459 SP2(T)Y = 100,0 * RAR %= 2 % JFACEY(]I) /7 (R1%*82)
... Nn460 ___SP3(I) = 100,0 * RAR *(?t(rFArcvtI):ijQEY(I))-a)/(nl*R?\
0461 IFISPACEY (T)elToNaNR.SPACFYX(T)oLT.40) ANTN 40
0662 ”__IELSBAﬂﬁillleIAQ,ﬂR,SQAQEXLLL.LIL&Q¥_Gﬂtnnﬁnﬂ
0463 TF{SPI(T)6T,8,0) GOTN &n
B A LYY S IF(SP2{I).6T.A.,0) GNTN 60 )
0n6S5 IF(SP3(T)eGTR,0) GNTN 40
. 04s66  TFLKSXYLEN,0) GNTN 315 - _
066? TEINFACEX(I).GT.NR1Y 6GANTN 40
_____;Qf’,f’_@.___._ o IF(NFM‘FY([__)_.GT NRZ) (‘OTﬂ _l.O ~ -
0469 TF(SPACEX(T)LTaSXY(1,1)) GNTN 40O
0470 IF(SPACEY(I) LT SXY(1.2)) 6OTA 40 i S
0471 a5 IF(COST(IVGT4TCNST) ROTH K0
0472 C TCOST=COST(T) i
0471 ICNST=T
0474 GNTN_50
0675 40 COST(T)=1n0no
0476 50 CONTINUF _ . s
48377 NN 51 J = 1+NT1 e L o -
N47R I = NT1L ¢ 1 =
04?9 IDR = & % (T + 2) o
- N480 B PRINT 400+ JeINRyNFACEX(TY4NFACFY(T)9SP1(TIoSP2(T)»SP3(T),
nsal 400  FORMAT(2XeT2e64Y o 24X aT?232X 3 T242XoFh 292X eFAe2e2XsFE,203)
04R2 51 CONTINUE . R
nN4a8n SKTIP (2) LINFS o
0484 MESSAGF 4+ #% RFJECTEN SNLUTTONS ARE MARKED -P— [N THE €N
0485 SKIP(1) LIMES

_0%R6 MESSAGE ¢ SOLUYTONS ARE RFJECTED 1IF THEY VIOLATE SPACI
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nann SKIP (S) LINES
NARQ TCNS = NT1 + 1 = TCNST
N4AQQ IE(TFWQ «GTo NTI) fO0 TN ACO
n4o1 ) PRINT 500,ICNS o
069 500 FAPMATO1Y o #SOLITIOM NUMBRER 4,72+ HAS REEN CHOSEN FOP NEN
T 04Q3 T TGN TN K01 T
N49a4 600 SKTP (2>) LINES
BOYX-T S MESSAGE t%% NN SATICSEANTARY SNLUTTANSH
N&49h RETUPN
0497 £01 IE(TANST,NE,100N00) GATA sa

0408 __ _YrPPR= ]’_ERP!-]_

YT T MESSAGES CALUMN TA0 SMALL TO SUTT NETATLINGT
0500 nOINT 5h
ns01 Sh  FNRMATIARUM ARNRTED — cOLUMN TAA SMALL TN SUTIT DETATLTINGA
0502 PETHRN
Tt L RN
0506 1 DETERMINE NIIMRFR NF WNPST LOADTING . _
0505 EX AMD MAXIMIM STFF| PFRCENT D
0506 i e
0507 60 SHAY = 0
0508 .. 70 T = 1,3 o _
0509 IF(STEFLP(Ts1) LLTe SMAY) 6O TP 70
0510 SMAY = STFFLP(T,1) e
ns11 IND = T
£ O L _IWOP = TINTISTEELP(Ts?))
05113 70 CAONTINUE
0516 TF(JWOR .FN, N) TWNR = 1
0515 e
L0816, 2t SET VALUES QF CUDC)
0517 +e
N518 .. EQUATE 80 (CLN(,TWNR),CLS)
0519¢ CLS({1Y = 1
S 0520 CLSt9) = CLS(3) + CLS(?) %= FCYX / 1000
0521 CLSU10Y= CLS(4) + CLSI?2)Y #* FCY /7 100C
.. 0522 B0 CONTINUE N -
0523 *t '
0524, t*  SET VALUFS NF JRARS,TRLF,FK 8
0525 e TONTy UM ALD
0526  ** . I _
0527 ICNT = 1
0528 ~ DD 120 T0OQQ = 1.MT1 o e o
0529 NT = NT] =~ 1000 + 1
0%3o0 e
0531 *e TEST IF A SOLUTTINN EXTST
0532 Lo )
05313 TECCASTINT)Y FO, 10000) GO TN 120
0634 = *1 ' _ _ — S
0535 e A SOLUTINN EXTSTS THEREFNPE TNTTTALTZE ALP
053  **
0537 TF(NSYSR .E0., 0O) GO Tn on
nN538 . REDEFTINE [ALP(},TCNT)
0539 ALP(ICNTY = 1.0
0540 Tt . — 3 .
0561 e INITIALISFE VALUFS DF 71N
05472 +e

0543 90  RENEFTNE(ZUN(), TCNT)
0546 __PNES = PMIN & { PMAX = OMIN ) # (SP3(NT) = 1) / 7.0
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S 0Re7 T AT INTTTALTSF Fk
N548 rr
0549 © REDEFTME(FK(, ) TONTI,(EK (L TONTY 4 NSYSY
0550 EQUATE 100 (CK(,IFNT).FKQ)

~BEEY T

0552

0561
05%4
0555
0556
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N0 100 KK = TL,HEYE T

FKS(KKL = =150

CONTTNIE

- DFFINFE ARPRAYS FAR BFLUILTS

PENEFTNT TTRLET, Y, TONTY, TTAARS( Y. TENTY

PAGFNO13

0558 _PEDCFIME (TALF(4TIONT) Q) o (TRARSILIANTY 414)
055q FQUATE 120 (TRLE(TCNT) o TRL Yo (TRARS (~TCNT Y, TAL)
0560 +4
0561 *+ TNITIALISE TRARPS
| DJ02 21
0563 AN 110 KK = 1.16 T T i )
0564 _ IRL(KKY = *Rr|+
0565 110 CANTTNIIE N
n566 TRLE B =« MT ) = TFAGFXINT) = 2
0567 IBL(1S = NT ) = IFACEY(NT) - »
0568 1t :
0569  *+ NOW SET TRLE S e
0570  *t
e RO TS
0572 TJALL2) = TND + ,0001
0577 TRL(3) = CILNDC(3, TWUnNR)
. 0574 __TAL(4) = CLD(4sTWNR) L o L
0575 TRL{5) = CLND(2.TUNR)
0576 _TALE?Y = NT
0577 TAL(9) = CNT
0578t _ ) R
0579 e CALCULATF SECTINN CAPACITY FOR X DTP
0580  t* B
0581 TFCAG = 1 - -
.. 0882 ppp = CLDEhyTUNP)
n583 AML = FLINCP(PDP,7)
0584 . AM?2 = FUNMCP(FPPP,§)
0SAS NTST = AM? — aAM1 .
0586 TPEP = INT(SPI(MT)I) & ]
nsaz AMS = FIINCP(PPPLTPER) T T e
0588 _ VAL = AMS - ( LNWITPER) = SPI(NT) ) * DTST
0589 r
0590  ++ VAL = M/BN*+2 NF SECTINN
0591 =
Q59?2 TRL(AY = VAL * P11 + RO # P2 * 1F=AK
0503 EX - o T T
0594 h CALCULATFE SECTTNN CAPACTTY FAR Y-DTP
0sa5 +4
0596 TFLAG = 2
0597 T AMI = FIINCP(PPD,7)
0598 AM2 = FIINCP(PPD,g)
0599 DTST = AM? = AM] o L
0600 ____TPER = INT(SP2(NT)) 4+ 1
0601 AMS = FUNCPIPPO,TPER)
0502 VAL = AMS =~ ( LNW({TPER) gdg_ INT)) * DIST

TDI POV — Al & hRe 4 ne 2
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CCOMPTLE AS=CNLUMN/L

0A0G ICNT = JCNT + 1
0405 120 CONTTNUE
Nnk06 RETURN

T L

— - - — SR ——
it b b sy Tr— ——— e —— — s

L1730 31/0R7R3  PAGFOCYLG
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1220

A1/0R/B2 L DAGEDOLE

0608 ++*************************t**t****#t*#**t*****t***t***t****ttt
wAROTT T T TRURPAUTINE SAPTL(LNILTLA3, T1LN3 YV T
NA10 PURLICICR/ZECL) )

0511 "HIMENSTAN LN (.Y
0A12 REAL LN4MyMT B N

S L TTYILhE=0 B )
n414 ICNINT=0 -
) 0415 10 ICAUNT=TCNUNT+1

0616 IFCTICOUNT ,GTL, TLN3Y RETIIRN

0A17? P NJ(1,TCAUNTY '

0418 M=LD3(2, ICNUNT) S B o
0A19 K=LD3(2A.,ICNLINT)
0620 20 IT=ILD3-1 -
0h21 ' IF(TCNAINT . GT,ITY GNTN 40
NHR22 CTCNUNT=TCNHMT +]1 .
0423 IF(PJNELLN3(1L.ICOUNTIYY GNTN 40
0424 IF(M GTLLN3(?,I7NUNTIYY GNTN 30 ‘ _
LY R M=LN3(2,TCAUNTY T
N426 ~ ¥=LD3(3, ICNUNT)
0627 30 ICONNT=ICNINT
0628 60TO 20
nkK29Q 40  MT=bP/? — (P*PY/(1.10*FCI1Y o

_0A30 TF(HLLE.MT) GNTN 10 - I
ns31 T1LD3=T1LN3+1 o

- 0h32 ) LDI(1,T1LN3)=P - B -
0613 LN3r2,T1LN3)I=M
0434 LD3(3,T1LN3)=¥
Nh35 GATN 10

S 1 - END . . I
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COMPTIUE AS=COLUMN/L 1?30 131/08/83 PAGEOOLl6
N437 4 ook e o e e ke ok B ok e ok o ke o e e ok ok ok ok o ok okl b ok ok kiR ok kRl ok kK ok kR k ok ok
0438 SURRAUTIME PEN(LN2.TLN?) o S '
0439 PURLIC/CP /BL1eR24ANFEFR () o FXaFYeFLoF o FYy TFLAGyNUTRAL
Y T DTMENSTINON LN2¢,)
0hGtl REAL LN2sL

e SRR R T TN ERF . o - ;
Nh43 SKTP(2) LINFS
nh4tG C MESSAGE® LNanp " FNeCE MAMENT  FACTNR®
0K45 ~ SKTP{1) LINE
054k T R=1e2 = 0.OL*(EL/7(0,3*AMINLII(RI,A2)) )

0s47 TFCIFLAG.FQ,1) FP=1,2 - 0. 01+ (FY/(N,3*R2))
0548 T T IR (TELAGGEN.?) R=1e2 = 0D,01%(EY/(0,23%01))
N4469  TF(R .GT. 14) P = 1,
0AS0 DO 10 T= 1.an?
pﬁﬁl L= FD?FR(l IFLAG)*[D?(?vIl+rnCFP(?oIFLAG
0457 ' TIEILNP T 1V LT L) GATO 20
053 L1n2(1l.T)=LD2(1.T)V/P
NA5G 202, TV =1 N2 (2. TV /P
055  6GOTD 30 . S
0A5h 20 NUTRAL=1
NA57 - T=36%LD201,T)
0650 TIF(FCINLEQ.20) T=T/h,7
. hss9  IF(FCU.E0425) T=T/8.4 .
0h6) TE(FCU.EQe30) T=T/10.7
C0k61  TF(FCU.F0.4n) T=T/17.6 } .
LY X IF(FClU.EQ, aq) T=T/12,04
ACYC e I—— . LW [ 2 D,
0464 TF(FY.F0.230) o0on=T/2+
_0K”65 _IFtPPR,GT.1.) PPR=Y
0466 Pzl—(1-P)*POR
0467 D211, T)=1LN2U)e T /P
0469 LD2(2,1)=LD2(2,T) /P
NDARKA 30 TTI = INTILD?2(3.]))
04/70 PRINT 100+TTToLD2 (1sT1elN2(2T1 4P
_0A71 100 __ FORMAT(1XeI3s4Y¥eF10,2+3%sF10,2,%842)
0A7? 10 CONT INYE

| _ 0A73 e RETURMN. z

0A74 END
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.,rr?'."?r_'-f_._“Sf_.(?f’_[_'!ﬂf"(_lh-__\______,__ 12an 31/0R/R3  PAGFEOQ17?
0A7TH 1‘%***'&******&****&#*****tt*w\ri**t*v***th&***ti*****ﬁ***#t***t**l
N576 T SURPAUTTINE CALCPIIDG,T, 6P
0677 PURLIC/CR/TELAGPMAY 4PUTNGFCIIGSLOPFL)

NA78  DTHENSTAN Lh&a(,)
Ns79 REAL MHIGH . ™MLNW,|N&yM

o T B e B A1 AN S

0”31 P=IN4l1, T)

0482  M=|D&(2,TY

nsg813 TE(P,GT,PMAY) AN TN 50

0584 C  TF(P.FOLPMAY AND M, GT.OY GO TN 50

0485 TE(P I FELPMTNY GNTN 20

0hR6 T I PLOM = IMNT (AR DPMIN) JIPMAX=DATNY Y +1

0A~R87 MHIGH=TIINCP({P, TPl NW)

nk8A CIFIMHTIGHL LT M) 6NTN 40
0489 PLOW=PMTN 4((TPLNW - 1) /A)*(DMAY=PMIN)

06590 T MLV (P=PLOW)* SLAPE(TELAG)

0591 TF(IPLNVLEDL1) MILNU=(P—PMIN)*((0,5=PMIN/{ 5R5%FCI))
NKA2 T TT0T SPRIPLIN=(MAT CH=HY 7 IMHTGH=M AWY

0493 PETHRN

0594 20 TMLOW=P/2=(P*¥P)/(1.,17*FCU)

0695 30  TPLOW=IPLNM+T

0A96 IF(IPLOV.GT.RY GATN 50

0407 NHIGH=TUNCP (P, TPLNW)

NAIB T T IRIMLLE JMIHTGHY fOTH 0 T o "

B 0499 40 MLOM=MH]IGH
0700 GNTO 20 a
0701 = 50  %SP=0
0702 PETURN

——. 0703 END ) S i - }
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_CNMPTLE AS=COLIMN/]Y . 123031/08/03  PAGEOOQ1R

07_01_0 ********#******#*** *!&*****ﬁ#k****************** **********#**#*1
nros FUMCTTOMN FIUNCP(Y, T)
0706k PURLIC/CP/CNEEP(44) o TFLAG

0707 o CMENTUM CNFFD Giiniiaacioey
0709 SaCNEFP (1e I IFLAGY
504 S L e
0710 525 + COFFP(KeTeTFLAGI*Y*4(K=])
0711 10 CONTIN'IE o '
0712 FUNMECP=§
O"lin T RETIIRN S - B a
L0714 END _ .




164

COMPTYLE AS=CALUMN/1 1230 31/08/R3  PAGEQOQ1C
n7r15 POk B AR AR ROk bRk kb kR ok R ok bk ko kR Aok kR kol kR Rk Rk K bk
nN7164 ) SIIRPANTINE CARTIS o NeLSTedlolhoNEY
0717 NIMEMSTNAN SVl Gla Vel ST( W)

0714 % THE SORT PONUTINE TS RIIRRLE SART ALGARTTHM
n-’ia Lk )
_0'725 TR RS IF {'iT __. FOo, 1 YRETIIPN S e
0721 FIV 100 S
0722 T LL=N
0723 ** FLIMTHATINN OF NUPLTCATE LNAD CASFS
0724 JL=0 - '
N725 S=1 . . .
TSR TR RA TR TR ] -
n127 KE=KS
0728 TF(KF LE0. NIGATN A1
pr2a . EONATE 35 (Sfs¥5)eS01)
nN730 S1=501(1) o
0731 32=501(2)
B kA 1 R NPT 0, & I 2 ) )
07313 3% CONTINUE
n736 E=.01%51
0735 - NN 50 K=KS1eM
0736 © IF(ABS(51-S(1+K)} .GT, FIGATA £O
0737 0 FﬂNTINUF
- ‘0 :,,.!—‘i‘ g T g m-?-;-i'—‘-—i-- e — . . E———
0739 AQ KF=K-1
0740 61 Jl=JdL+1
0741  REDFFIMFLLSTI)»JL) e (LS T (o Jl1e2)
0742 LST(1leJLV=KSsKF
D743 TF(KS +GF. KFIGNTND 71 e
0744 nQ 70 K=KS,xk¢ T
07245 CQUATE A5 (S(=K)«S02)
0746 31=802(1)
0742 IF(S1 .LTY. OYGNTO 70
0748 $22502102)
...0749 5 _S$3=502(3) L . .
0750 Kl=k+1 '
0751 IF(K1.GT,KFI6NTN 70 -
07?5? NO RO K2=K1eKF
0753 EQUATE 67 (5(,%21,503)
N754 Al=S03(1)
- %ﬁgzjj_‘ TF{Al LT, 0OYGNTN RO i R
0756 A?7=502(2) o T T
9757 67 A3=S03(3)
0758 71=A2=-52 .
0?59 72=A3-513
0760 IF(71%72)18N0.90,00
__________ 0761 G0 TF(Z1.LF.0.AND, 72,LE.N)GNTN QQ -
N762 TF(Z1e6T 0.0 AND, 72, GT. N 0VYGNTN 9]
07613 6NT0 RO
e T UL
) 0765 . S53=p3
0766 GNTN AN
0767 99 S({1,K?2)¥==10 S _
0768 80 CONT INIIF -
0769 70 COMTINOE
' n770 71 ¥S=kFe1

0771 TFIKS LE, N)GNTN 30
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n7=3 N=JL

nN774 DN 2 T=1.M

Q0775 K=2%*x]

N6 CIF(K .GT. MIGOTN 7
0777 ? CONTINUE

0?7y T Kep ¥k (T—=1V=1

0779 re

0780 C4TSORTING LNADS INTA

0781 4
nrarp
R
07R5
N786
orer
WREE]
07RQ
e
0791 12
n7q?
0793
0794
095

N1aN=K

NO_6 T=1,K

CIF(T WGT.
NN 6 J=T,N1,K

T1=LST(1ed4K)

Iq L:T(?oJ#V)
EQNATE 12
QISQQQ(l)
522S06412)
S3=5041(3)

TN B MaTedek

L_-J H+_T
I12=LST(1,LY
Al= S(‘y__‘[?‘

ASCENRTNG PPNER

N1YGNTN 7

TETY 100 LST,L6
006

(S{sTIV,S004)

0796
Mol kA
0798
299 e
0300 6
0801 7.
0302
0303 %
0904

TFIA1l .GT, S1)6GNTN &

LST(1lel)=T1,13

_SUAP (LST(el.4K)el ST (L))

++ENR EACH CNLIMN TN RATCH INNDTIFATFE THE HIGHEST AND LNWEST

CCONTINUE
GONT INUF
K=K /2 . _
IF(K .GT. 0IGNTO &

0905 4+ AXIAL LNDAN CASES

0R06A N=LL

03807 _DN.9 Il=1.N6

0908 L6(1+sT11=040

0809 9 CONTINNE ]

0R10 NN 8 LL=l.JdL

0911 M1=LSTQ1aLLY

0912 I2=LST(2,LL)

0813 LENGTH(S(y T1),M1)

0814 DN 10 T&4=64,N1

0815 IS e DY "

nale EOUATE 10 (LG(sIR)e1G1Y
0817 _  TFOLG1CL) LT 1161010 =L1

0913 LG1(2)elL
0919 10 CONTINUE e

0320 8 CONTTINIIE —

012] *4

0827 100 CONTINNUE

0823 ~ RETURN

0a2a END
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_PAGEOC?20



166
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1. INTRODUCTION

This manual explains in detail the operation of a computer program module
which designs rectangular concrete columns according to the requirements of

the Australian Concrete Code, AS1480-1974.

The design method is based on that adopted in the A.R.C. Design Handbook and
uses a digital representation of the charts therein to avoid the necessity for

lengthy iterations to calculate the neutral axis depth.

Although this module is intended to replace one of similar function in the
GENESYS column sub-system, it has been designed to operate in isolation if so
desired and 1if minor modifications are made. Several of the original
subroutines have been retained mainly to facilitate 1integration of the
replacement module. These subroutines were altered slightly to suit the new

design method and they are explained along with the new subroutines.

2. ORGANISATION OF THE MODULE

2.1 Introduction

The module has been organised to take advantage of the facility offered by the
GENESYS system which allows a program to be split into OVERLAYs, only one of
which resides in central memory at any one time. The program efficiency may

be tncreased by the effective use of this facility.

The module contains an extensive table of coefficient values and it was
considered practical to break the module into two OVERLAYs, the coefficients

and related subroutines in one, and the main design programme in the other.
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The OVERLAY names and numbers which have been adopted are the same as those

used in the original module and the contents of each are as follows:

OVERLAY 52 “"RC22" Routine CENTRY
" EFLTH
" BCLASH
" RTVP

OVERLAY 54 "“RC24" Routine DRIVER
: SORT
" COLLOAD
" RED
" SORTL
" FINDP
" CALCP
! FUNCP
" ARRANG

The basic module organisation is shown in the flow diagram for the subroutine
CENTRY which 1is the entry point for the module. The subroutine calling

sequence is shown in Figure 2.1.

2.2 Information supplied to the module

The module s supplied with the following information passed through PUBLIC

variables.

Column dimensions and lengths

Properties of beams/slabs which join the column

Material properties



= ——o EFLTH

2 T BCLASH| ¢ OVERLAY sS2

~<~»»4zZzmO

O——o0 RTYP
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FIGURE 2.1 - Subroutine<lalling Senuence of Replacement Module
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~———— OVERLAY Sk
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A loading array containing all of the loading combinations
that can be applied to the column. Each loading consists

of an axial load and head and foot moments 1f they exist.

From this information the module determines the cheapest steel arrangement (if

any exist) which is capable of withstanding the worst loading combination.

2.3 Sign Convention: See Fiqgure 3.3 in Thesis main body.

2.4 Subroutine Centry: Column Design entry

2.4.1 Duty Specification

This routine is the entry and exit point of the rectanqular shaped column
group under consideration as called by the control module. It controls the
design sequence by calling the various utility subroutines in their correct

order and contains the PUBLIC variables required to 1ink with the rest of the

main program.

2.4.2 Controlling Parameters

None



2.4

(a)
(b)
(c)
(d)
(e)

(f)

(9)

(h)
(1)

2.4
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Procedure and Justification

Enter Column Design Module

Retrieve Column Dimensions and cover from Interface

Compute the Effective Length of the column group.

If required then consider beam bar clashing.
Combine head and foot moments as specified
in Section 2.2 depending on column
slenderness.

Retrieve material strengths associated with
the current column group.

Retrieve Coefficient Tables determined by
column dimensions and properties.

PERFORM DRIVER (new OVERLAY).

EXIT

PUBLIC Storage (for details see Section 3)

PUBLIC/COLUMNS/CSP(,),P(,),ST(),MS(),IGL(,),IP(,),KOLUMN

PUBLIC/RCSYS/NSYS,ISYS

Subroutine

CENTRY

EFLTH

BCLASH

RTVP

DRIVER

PUBLIC/CR/B1,B2,FCU,FY,XSL,YSL,PP(,),IWARN,IERR,KSXY,COV,NOWR() ,NOER(),

NT1
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2.4.5 Local Storage

N Number of load cases in the run

MM Starting point for load cases to be considered (upper and lower 1ifts)
IJ Slenderness 1indicator

I Control Variable

INC " "

18 ! "

X1 Head moment in X-direction

X2 Foot " "

Y1 Head ! Y-direction

Y2 Foot " :

I2 Control Variable

13 " .

I4 " "

15 " "

N10 Number of columns in group the load cases applies to
N11 Control Vvariable

I " )

IK Number of load considered

16 Control Variable

17 " "

X Moment in X-direction for slender column

Y Moment in Y-direction for slender column

J19 Control Variable

X1X Used in efffective moment calculation for slender columns
Y1y " " " " " " " "
XX . " " “ B & B B

Y Y L} 1] [} (1} [} " " "



ENTER

Retrieve Column D

imensions & Cover

CALL EFLTH

Avoid
Beum Bar Clashing
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CALL BCLASH

iy

a

Compute Start and End

Pointers in Loa

d Array (MM,N)

Set Slenderness Flag IJ
=1 Short ; = 2 Slender

For all Louad cases

Applicable
Do

47

{

‘Retrieve Material

Is
Column
Short

Cowpute the
Equivalent Moment
us specified in

Section 3.2

|

Strengtha 1
Consider Momont
at Head und Foot

Initialize Eliminate the

amaller: one
NSYS = No. of Loads
ISYS = O «
1
Store load in
Y urray PPC,) and
colunn shaflt
CALL RTVP indicator for the
loud casu
PERFORM 4 \
DRIVER Increment No, of load cases
considered
EXIT

FICURE

<

A2./.1 - Flow Chart - CENTRY
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2.5 Subroutine EFLTH: Effective Length calculation

2.5.1 Duty Specification

This routine calculates the effective 1length of the column group under

consideration. It uses the method given in CP110.

2.5.2 Controlling parameters

Column dimensions and length.

2.5.3 Procedure and Justification

The procedure for calculating the effective length has been retained as the
one specified in CP110. The AS1480 method while being similar to that used by
CP110, 1is not compatible with the rest of the GENESYS program in 1its present
form. Information necessary for the AS1480 method 1is not available via the
current interface. Future modifications to the interface should 1include

provisions for the information necessary for the AS1480 method.

The procedure is as follows:

(a) Retrieve the various column/beam stiffness ratios

(b) Calculate effective lengths as shown page 39 CP110, part 1

(c) Calculate slenderness ratios
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ENTER

3

Retrieve
Properties from

Interface

3

Culculate
Effcctive
Lengths

Calculate
Colunn

. Stiffnesses

EXLT

FIGURE A2.5.1 - Flow Chart - EFLTH
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2.5.4 Public Storage (For details see Section 3)

PUBLIC/COLUMNS/KOLUMN,GL(),MS()

PUBLIC/CR/EL,EX,EY,XSL,YSL,B1,B2

2.5.5 Local Storage

I Control variable

J " "

11 B !

12 " "

X1 Ratio of column/beam/flat slab stiffness about X-X axis
X2 " " " " " " " " Y-y *
01 Overall length in X-direction

02 " " " Y-direction

K Bracing condition of the column

X MIN (X1 & X2)

Y MIN (Y1 & Y2)

El Effective length

E2 Effective length



FIGURE A42.6.1

Flow Chart
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ENTER

Conmpule
Column and beam

bar zones

Compute
Corner burs

link size

Compute wmax,
number ol bars

allowed in X-Dir'n

Compute mux.
number of burs

allowed in Y-Dir'n

Store Spacing
between burs in
column in
array SXY

BCLASH
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2.6 Subroutine BCLASH: Bar clashing avoidance

2.6.1 Duty Specification

This routine establishes the permitted number of bars in each face of the
column §if beam bar clashing is to be avoided. It returns with the number of

bars permitted to avoid beam bar clashing.

2.6.2 Controlling Parameters

Various information regarding the beam steel present.

2.6.3 Public Storage (for details see Section 3)

PUBLIC/COLUMNS/MS(),ST()
PUBLIC/CR/B1,B2,SXY(,),NB1,NB2,KSXY

2.6.4 Local Storage

cs Maximum corner bar size

B8 Maximum beam bar size

Cz Column zone

EB Effective beam zone

uis Maximum of beam and column zones
X Control variable

D15 Control Vvariable

L Link Size

C Tolerance
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2.7 Subroutine RTVP: Coefficient retrieval

2.7.1 Duty Specification

This routine sets the value of the coefficients to be used to represent the
charts. Only one chart i1s to be stored for each of: Biaxial, Monoaxial-X,
Monoaxial-Y. For purposes ofcalculating g, 24mqﬂ bars are assumed. For
Biaxial cases g is based on the smaller of the lateral dimensions. Note that

the ligature size does not affect g because cover specified is to main bars.

2.1.2 Controlling Parameters
(a) FY

(b) FCcu

(c) g value interpolation

2.7.3 Procedure and Justification

G value 1interpolation 1is allowed in the A.R.C. Design Handbook (Ref 15).
First check that the calculated g value 1s permissible (.64g<1 and if g>.9 set
g=.9) then determine between which two charts the g value 1lies. Assume a
straight 1ine relation between the two charts thus calculating their relative
contributions. This is represented by two factors (one for each chart) lying
between 0 and 1. As the equations in each chart are of the same order, a
single coefficient set may be generated by summing the corresponding

coefficients multiplied by the appropriate factor.
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For example: Assume g=G and lying between .6 and .7
Then G(.7) = (g-.6)/.1 and G(.6) =1 - G(.7)
MD(.6) = ((Coefficient(.6)*(PD))
MD(.7) =((Coefficient(.7)*(PD))
Thus adding the two
MD(g) = G(.6)*((Coefficient(.6))*(PD) +
G(.7)*((Coefficient(.7))*(PD)
This results in a single set of coefficients generated

by summation with (PD) as the common factor.

2.7.4 Program Layout

The program contains the logical statements followed by 6 blocks of the 8
charts groups with the same physical properties. These blocks are accessed
only once when the charts, with the same physical properties, are brought in
for temporary storage. The first 4 charts in the group are the monoaxial
cases and the second four are the biaxial cases. 1In addition PMAX and PMIN
which are common to all charts with the same physical properties are also

stored. Note that PMIN = 0.595 * FCU.

2.7.5 Public Storage (For details see Section 3)

PUBLIC/CR/B1,B2,COEFB(,),COEFP(,,),FCU,FY,1ERR,NOER(),PMAX,PMIN,SLOPE()



ENTER IFL = IFL + 1

Retrieve Coluan

Properties and l l
Dimensions A S
i — :
645 ql Initiate Error
Culculata: Messuge
GX; GY; GXY

G=.9
SR E
GH = (G-.6) /.1; GL = 1-GH
IL = 1; TH=13
] |
-y A 4
b
Gil = (C-.7) /.1 ; GL = 1-GH
IL = 23 IH = 3
N
GH = {(G-.8) / .1 i GL = 1-Gi
IL =3 IH = 4
R y Y
a £
_ Y IL = IL + £
) IH = IH + ¢
N
J =1,8 &
09 .
K=17 L¢ COEFP(IFL,J.K) =
GL *» CP{IL,J,K) +
CH * CP(IH,J.K) 2
v
Retrieve required D0 J= 1.2
Charts as ' = COEFB(IFL,J) =
CP(I1,J,K); PMAX l
i CB(I,J); PMIN A < GL * CB(IL,J) + GH * CB(1H,J)
3
IFL = O
o
Initiate Error - - EXIT < -
Measage

FIGURE A2.7.1 - Flow Chart - RTVP
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2.7.6 Local Storage

CP(I,J,K) Temporary storage for equation coefficients
I = 1,8 Chart numbers
J = 1,8 Steel %
K = 1,7 Coefficient Numbers
CB(1,J) Temporary storage for balanced failure equation
I = 1,8 Chart numbers
J = 1,2 Coefficients

G,GX,GQY,GXY g values

IL Low chart number for g
TH High chart number for g
GL Factor for IL
GH Factor for IH
IFL Pointer to type case

= 1 Blaxial

2 Monoaxial-X

3 Monoaxfial-Y

CS(I) Temporary storage for slope of curves as they cross
M=0 axis

1= 1,8 Chart numbers

2.8 Subroutine DRIVER: Driving the design sequence

2.8.1 Duty Specification

This s the driving routine that controls the entire design sequence. It is
entered initially from CENTRY and, when complete, 1t initiates the detailing

routine if requested.



2.8.2

None

2.8.3

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

(1)

(3)
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Controliing Parameters

rocedure and Justification

Initialise Public variables used in the analysis routine

Store appropriate physical data in array PCLD for use by 0/P routines

Create the arrays for sorting the load cases and analysis results.
This involves copying the contents of PP(,) to SLD(,) and creating
the array CLD(,).

Change the units of the loading to Newtons and Millimeters

Sort loads in order of descending axial load (Call SORT)

Create monoaxial and biaxial loading cases (Call COLLOAD)

Calculate the required steel percentages in each face (CALL FINDP)

Arrange the steel percentages found with various bar sizes (CALL

ARRANG)
Initiate detailing if required

Exit
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2.8.4 Public Storage (For details see Section 3)

PUBLIC/COLUMNS/P(,),GL(),ST(),MS(),IGL(,),KOLUMN
PUBLIC/RCSYS/NSYS,ISYS,TISYS,SLD(,)
PUBLIC/CR/B1,B2,FCU,FY,EX,EY,ICNT, INIT,XSL,YSL,AA(,),DIAM(),PCLD(),

CLD(,),NOER(),NOWR(),PP(,), IWARN, IERR,FIVE

2.8.5 Local Storage

ISH Short or slender column

SECA Area of column cross-section
I,J Control Variable

Al Bar area

KPC Control Variable

Ix1 " "

NCZ " )

LLK : "

KSS 4 "

KFS " "

SLDTEMP(,) Temporary storage for array SLD(,) while the loads are

put in their correct order

2.8.6 Subroutine/Functions accessed

SORT(SLD,N,LST,LLK,GRP,NGR)
COLLOAD

FINDP

ARRANG

CROUT (in OVERLAY "Main Column Design")



ENTFR

Retrieve Public
variables

b

Store physical
data in array
pPCLD( )

Create Sorting
arrays

(

Change Units to
N * am

CALL SORT

CALL COLLQOAD

CALL FINDP

CALL ARRANG

Initiate Detailing
" PERFORM CROUT

FIGURE A2.8.1 - Flow Chart. - DRIVER
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2.9 Subroutine SORT: Initial load sort

2.9.1 Duty Specification

This routine performs two tasks:

(a) Eliminate the unnecessary load cases in the set of loads applicable

to the column group.

(b) Sort the load cases in descending order of the axial load applied.

The Toad cases which have been eliminated from the interface array SLD(,) have
been given an axial load less than 0. The sorting algorithm is the usual

Bubble Sort.

2.9.2 Controlling Parameters

None

2.9.3 Procedure and Justification

Bubble sort algorithm

2.9.4 Public Storage

None



ENTER

Initiate number
of groups in the
1tst to O0; KS=1

&~

KS = KF ¢ 1

Increaent load

Pointer to be

compared with KS
KS1 = KS + 1

Initiute end of
aume axiul loud
group KF = KS

N

Take parumoters

of the load case

pointed to by KS
51; 82; S3

Y

For all load case
between KS1,N DO

Axial
load=81

A

KF =X -1

Increment number of

groupa pointed to = JL=JL#1

Store Start and end of
group KS and KF

Sort zroups in
ocders o’ descending
upplied uxial load

y

Find pointers to
the coluan in the
group to which the
load applies

Store pointers
in array

LG

EXIT

Y

written Ks and KF

For all.loud cages o

b

Eliminate duplicate loads
in that group

|

b i

FIGURE A2.9.1 - Floy Chart - SOKT
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2.9.5 Local Storage (See Section 3)

LL Holds intermediate results
KS Elimination loop control variable
KS1 B " . "
S1 Axial load value

S2 Moment in X-direction

S3 Moment in Y-direction

K Control Variable

K1 " "

K2 . "

Al As S1 for compared load case
A2 vs2 " . " "
A3 *s3 " " "
21 Comparison control variable
22 : " .

I Sorting control variable

N1 . " "

J " " "

n " " )

I3 Control variable

M " "

L " "

12 " :

LL " "
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2.9.6 Arqument Variables

S Array containing the unsorted load cases
N Number of load cases
LST Returns with pointers referring to entries in array S which indicates

the sorted loads order

JL Number of entries in the array LST

LG Array containing pointers to the column in the group that the load
case applies to

NG Number of columns in the group

2.10 Subroutine COLLOAD: Load Conditioning

2.10.1 Duty Specification

This routine compiles the loading set to be used in the column design with

account taken of the following:

(a) Initial eccentricities

(b) Reduction factors

(c) Removal if required steel % = 0

(d) Removal if same axial force but smaller moment
(e) Creation of biaxial loading cases

2.10.2 Controlling Parameters

None



2.10.3

(a)

(b)

(c)

(d)

(e)

191

Procedure and Justification

Type MONX and MONY : REAL, because they may contain fractions.

Calculate eccentricities ECX and ECY from CSP(I,J) by taking the
value of the current 1ift or 11ft above depending which is the larger

(inmm). (J = 3,4)

Retrieve the set of loading cases which is held in SLD(I,J) SLD(I1,d):
I =1 Axial Tload

2 X-Moment

3 Y-Moment

Load case number

[
I}

Convert loading table into form P/BD,M/DB2
P =P *103; M, = MX My = MY
B1 * B2 B1 * 822 B12 * B2
1Y
2 s ) X B2
=
X
e
N N
1B

-

Lol

Fiqure 2.10.1 - Definition of Eccentricities

Calculate design eccentricities as the sum of the ‘initial
eccentricities and the actual eccentricities. First determine the
actual eccentricities which are = the maximum of the current 11ft and

the 1ift above:
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EXT = AMAX(CSP(1,4),CSP(2,4))
EX2 = AMAX(CSP(1,3),CSP(2,3))
Then:

ECX = 25 + .01*B2 + EX1 (mm)
ECY = 25 + .01*B1 + EY1 (mm)

ECXY = AMAX(ECX,ECY) (mm)

(f) Sp1it into three groups:

- MONX(I,J),I1=1,2,3 P',M'x + P' * ECX, IL
- MONY(I,J),I=1,2,3 P',M'y + P' * ECY, IL
- BIAX(I,J),I=1,2,3 P'(M'X + M'y + P' * ECXY),IL

The biaxial case is only formed if both M'x .03 * P' * B2 (BX)
and M'y .03 * p' * B1 (BY)
J = The load case number.

IL 1s the load number in SLD(,) from which the loading is derived.

(9) Apply SUBROUTINE SORTL to MONX,MONY,BIAX which will discard redundant
loadings if same P but smaller M and if the loading will require a

steel % equal to zero.

(h) Apply SUBROUTINE RED to MONX,MONY,BIAX which will apply the reduction
factors R & R' and set NUTRAL = 1 if any tension governing cases are

found.

(1) In all cases the load number in SLD(,) from which the load case was

derived is stored with the loading case.

(3) EXIT.
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2.10.4 Public Storage (see Section 3)
PUBLIC/COLUMNS/ CSP(,)
PUBLIC/RCSYS/NSYS,SLD(,)

PUBLIC/CR/B],BZ,BIAX(,),IBIAX,IFLAG,IMON,MONX(,),HONY(,),NSYSX,

NSYSY,NSYSB,ECX,ECY

2.10.5 Local Storage

I Counting variable
BX )

) Minimum moments for biaxial case

BY )

ECXY Maximum of ECX and ECY
sl = P/BD

SL2 = Mx/ B1x 822

SL3 = My/ B12x B2 5

2.10.6 Subroutines/Functions accessed

SORTL(LD3(,),ILD3,11LD3)

RED(LD2(,),ILD2)
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ECXY = AMAX{ ECX,ECY )

25 + 0.01 * b2 ¢+ AMAX{ CSP(1,4),CSP(2,4))
26 + 0.01 * B1 + AMAX{ CSP(1,3),CSP(2,3))

STER > IMON = 0 IBIAX = O ECX =
NSYSX = O NSYSY = ECY =
NSYSB = O
< FOR 1 =
Do
N/ 1mon i
>0
¥
sLb(1, 1)
¥ <0

SORTL (MONX, TMON, NSYSX)

SORTL (MONY, IMON, NSYSY)

“//1:1Ax

>0
Y

SL1 = SLD(1,1)/(B1%B2)
aL2 = SLD(2,1)/(B1*B2*B2)
SL3 = SLD(3,I)/ (B1"B17B2)
B{ = SL14.03%B2
KY = SL1*.03*B1

" und

SORTL (BIAX, IBIAX, NSYSB)

IMON t+ 1

N /Nsysx
50
Y

IFLAG = 1

RED(MQONX, NSYSX)

us::?\J‘

SL2> BX
5L3 7> BY

MONX(1,IMON} ="

MONY(1,IMON) = 3L%

MONX{2,IMON) =

SL2tSLI*ECQX

MONX(3,IMON) = I

MONY(2,IMON) =

SL3+SL1*ECY

MONY(3,IMON) =1

IBIAX = IBIAX ¢ 1
N
BIAX(1,IBIAX) = SL1
|° BIAX(2.IBIAX) = SL2+SL3
+ SL1%ECXY'
BIAX(3,IBIAX) = I

>0

IFLAG = 2

RED(MONY, NSYSY)

~

Y

»~

NSYSB N

20 1

IFLAG = 3

RED(BIAX,NSYSB)

<

FIGURE A2.10.2 - Flow Chart - COLLOAD

EXIT
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2.1 Subroutine SORTL(LD3,ILD3,I1LD3): Loading Sort

2.11.1 Duty Specification

Sort through each group of loadings and remove those for which:

(a) Same Axial force but smaller Moment,

(b) The required steel % = 0.

2.11.2 Procedure and Justification

First specify TYPE statement for REAL variables. The loadings have already
been sorted according to decreasing axial 1load. The program first sorts
through loadings with equal P values and finds the highest moment. The
program then stores the loading if the required steel percent is greater than
zero according to the formula derived in Section 3.2.6. It is possible that
no loads will be found which require a steel percentage greater than zero in

which case NSYS will be zero.

2.11.3  Public Storage: (See Section 3)

PUBLIC/CR/FCU



ENTER

I1LD3
1COUNT =

oo

ICOUNT =
ICOUNT ¢ 1 R

P=LB3(1,ICOUNT)
M=LD3(2,IC0Unt)
K=LD3(3,ICOUNT)

[1Lp3 = 11LD3 11
LD3(1,11LD3) = P
LD3(2,11LD3) = M
LD3(3,11LD3) = K

3(2,LCOUNTY

ICOUNT = ICOUNT ¢+ 1

FIGURE A2.11.1 - Flow Cliart. - SORIL




2.11.4

MT

M

p

ICOUNT

K

IT

2.11.5

LD3

ILD3

ITLD3

2.12

2.12.1
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Local Storage

Moment capacity with no steel present

Current Moment Value

Current Axial Force Value

Counting variable

Load case number in SLD(,) from which the current load was derived

(=ILD3-1) Load number test variable

Arqument Variables

Input/Output load array name, set by COLLOAD to either MONX,MONY,

BIAX on entering

Number of loads to consider, set by COLLOAD to either IMON or IBIAX
on entering

Number of loads remaining after sort, set by COLLOAD to either NSYSX,

NSYSY, or NSYSB on leaving routine.

Subroutine RED(LD2,ILD2): Reduction Factor Routine

Duty Specification

Determine and apply the load reduction factors to the loading specified.
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2.12.2 Controlling Parameters

The operation of the subroutine is controlled by:

The Toading type (MONX,MONY or BIAX)

The number of loading cases (NSYSX, NSYSY or NSYSB)

The values of F'C and FSY

2.12.3 Procedure and Justification

The procedure i1s based on the graphs appearing in the ARC Design Handbook (Ref
15). As the balanced failure line depends on the loading type, the subroutine
COLLOAD will set IFLAG = 1,2,3 depending on the loading being considered. The

routine is skipped if the number of reduced loadings = zero.

(a) Dimension the dummy array LD2 using dummy array length ILD2. (they

appear in the argument 1ist)

(b) Specify the TYPE of the REAL variables.

(c) Retrieve the balanced load 1line coefficients according to the Tload

type being examined.

(d) Check whether the loading lies below the balanced failure line, and

if so, set NUTRAL = 1.



(e)

(f)

(9)

(h)
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Determine the value of T (an intermediate variable used to calculate

the reduction ratios) as follows:

From the graphs in the ARC Handbook the following may be determined
using similar triangles:
36/6.7 * P/BD

For F'c 20, T

n
il

—
1

fFor F'c = 25, 36/8.4 * P/BD

For F'c =30, T = 36/10.9 * P/BD

36/12.6 * P/BD

For F'c = 40, T

For F'c = 45, T = 36/13.4 * P/BD

Determine the value of PPB (if tension faillure occuring (PPB<1)):

For FSY = 230, PPB = T/36

1}
[}

410, PPB = T/29.5

I
Il

Apply the reduction factor:

For Compression Failure R = 1.2 - .01 * 1/r
Tension " R' = 1-(1-R) * PPB
allowing a maximum value of PPB = 1

for Monoaxial-X 1 EX (by EFLTH)

r =.3%RB2
: Y 1 = EY (by EFLTH)
r = .3 * Bl
Biaxial 1 = EL (by EFLTH)

r = .3 * AMIN(B2,B1)

EXIT
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2.12.4 Derivation of Relationships

The derivation of these relationships is i1l1lustrated below (for F'c = 20 and

Fsy = 230) and is valid for all lines on chart C4 (ref 15).

Stage 1 - determination of T
0 6.7
0 » P/BD

36

T = P/BD * 36/6.7

fFigure 2.12.1 - Determination of T

Staqe 2 - determination of PPB

0
22°

4 Kon

b4

},—
36 -

PPB 0
PPB = T/36

Figure 2.12.2 - Determination of PPB

Stage 3 - determination of R

If compression failure governs then from AS1480:

R=1.2-.01*1/r
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Stage 4 - determination of R'

0y
JC B!' PPB »
70
F E
i :
: !
i i
O}-5 1 A
<—R & R! R R? 0

(Note that R' = R if PPB = 1)

Fiqure 2.12.3 - Determination of R'

By similar triangles CB = FE 1.e. 1 - PPB = R' - R

CA F 1 1 -R

And so (1-R) * (1 - PPB) = R' - R
1 -R-PPB +PPB*R=R'"-R

R' =1 - PPB + PPB * R

R' =1 - (1 -R) * PPB

2.12.5 Public Storage (See Section 3)

PUBLIC/CR/ B1,B2,COEFB(,),EX,EY,EL,FCU,FY, IFLAG,NUTRAL

2.12.6 Local Storage

T - Used to calculate PPB accounting for FCU and FY
PPB - 1s the symbol for Pu/Pb'
R - Compression fajlure reduction factor
RD - Tension failure reduction factor
I - Counting variable for DO loop
2
L - Balanced Failure axlal load (N/mm ) for applied moment



ENTER

i
[= 1.2-.,01%(EX/{.3%B2))

Y

' R
= 1.2-.01"(EL/(.3%AMIN(B1, B2)))

R
= 1.2-.01%(EY/(.3%G1))

t ¥
Ll ey
i
FOR I =-1,ILD2 - L .
) EXIT
A
e LD2(1,1)<
COEFB(IFLAG,1)*LD2(2,1) + COEFB(IFLAG,?2)
LD2(1,I)
= LD2(1,1)/K \
NUTRAL = 1
LD2(2,1) -
= LD2(2, T)/R T = 36mLD2(1,1)
Fic
= 20 'f T n T/6.7 ;
1 N
PPB
= T/36
Fre Y
= 25 =
25 T = T/8.4 ¥
5 - \f
" PPB
T/29.5
LD2(1,I) =
F'c Y
=LD2(1,I)/RD _ - g
LD2(2,1) . = 30 T = T/10.2
=LD2(2,1)/RD PPB PP
y 1l »1 =1
N Y
. ¥ _ i
Ftc T = T/12,6
T = 40
= 1-(1-K)"PPB
4 N "
>

FIGURE 2.12.4 - Flow Chart - RED
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2.12.1 Arqument Variables

Lb2(J,1), J = 1,2 = P,M: Input/Output load name which will be
either MONX,MONY or BIAX.
1LD2: Number of loadings in LD2 - will be set to

either NSYSX,NSYSY or NSYSB by COLLOAD.

2.13 Subroutine FINDP: Calculate maximum steel % required

2.13.1 Duty Specification

Search through the reduced loadings for the maximum steel % required. Store

the load numbers in STEELP from which the maximum steel % was derived.

2.13.2 Procedure and Justification

(a) Check that the number of loadings is greater than zero.

(b) For each load type:
. assume steel % =0
. search through all existing reduced loadings and find the

maximum steel % required

(c) If the resulting steel % is greater than 8 then an error condition

exists (column too small)
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ENTEH
3
STEELP(1,1) = 0
IFLAG = 1
Nsysx NI
>0
N
STEELP(2,1) = O
IFLAG = 2
NSYSY
>0

N

STEELP(1,1
= S
STEELP(1,2

= MONX(3,I)

CaLL
I*2“1,Nsysx Lo FLEALCP (MONX(, T)S)|
b
CALL
FoR " FALCH(MONY (,1),8

CALCP (MONY(,1)5)

L

L

IFLAG = 3

STEELP(3,1) = 4

1”

[steeLe(2.1)
=S
STEFELP(1,2)

MONX(3,1)

FOR . o CALL
I = 1,NS¥sB CALCP(BIAX(,1)S)

Any

STEELP

» 8

JInitiate Error
Megsage

EXIT

FIGURE 2.13.1

- Flow Chart - FINDP

B L

STEELP(2,1
=3
STEELP( 3,2)

=

BIAX(3,I)

L3
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(d) Store the steel % and corresponding load case numbers in array
STEELP(,).
(e) Exit

2.13.3  Public Storage: (See Section 3)

PUBLIC/CR/ MONX(,),MONY(,),BLAX(,),NSYSX,NSYSY,NSYSB,STEELP(,),

IFLAG,NOER(),IERR

2.13.4 Local Storage

I - Counting Variable

S - Temporary storage for steel % returned from CALCP (Exists in

CALCP as SP)

2.13.5 Arqument Variables

None

2.13.6 Functions/Subroutines accessed

CALCP(LD4(,I),SP)



2.14

2.14.1
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Subroutine CALCP(LD4(,I),SP): Steel % Calculation

Duty Specification

Given P & M and the design chart, find the steel percentage required.

2.14.2

Procedure and Justification

The procedure i1s explained with reference to Figure 2.14.1.

(a)

(b)

b /1D
PMAX |
ZJ“:“S);EIV
s %
P25
D 5z
r{"):.-;l{’g’
"
P=
PMIN <%
& D= 1
:“'Og’

Required Steel %

= 5.0 - (

M(5) - M
M(5) - M(4)

.

Fiqure 2.14.1 - Typical Set of Faitlure Curves

M/bD>

Enter the subroutine and set IPLOW=0 and P & M to the current Toading

condition.

Test whether P lies within the range PMAX to PMIN.

than PMAX then SP 1s set =9 and the subroutine 1s skipped.

Retrieve PMAX and PMIN from PUBLIC storage.

If P

is greater

One of

three possible actions 1s then taken depending on the value of P (see

¢c), d) and e) following),



(c)

(d)

(e)
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If P 1ies below PMIN (see Fig 2.4.1) then a single iterative solution
is done to determine the %. Starting with %=0, the % 4is increased
until the moment capacity provided 1is greater than the applied

moment. The required steel % fis then calculated as shown in Figure

2.14.1.

If P lies above PMIN and outside the shaded areas shown in Figure
2.14.1 then the simple iteration procedure is used, starting with the
steel % just underneath the shaded area which contains the P value
with M=0. By doing this, it is not necessary to test for the lower

steel percentages if they are obviously too low.

If P 1ies within a shaded area then the slope of the lower % line is
used to calculate the value of MLOW. This is because the equations
are unreliable after the ~curves «cross the M=0 1line. Two

possibilities then occur:

(1) If the value of IPLOW is equal to 1 then the slope of the
0% 1ine must be used.
Given M=P/2 - P 2/1.19F'c (Section 3.11.3)

égﬂ = 1/2 - PMIN/.595F'c (at P=PMIN)
dp

At P=PMIN=0.595 F'c, dM = 1/2 - 1 = -0.5

p



P/bD

B
[

PMAX 1§

~
~
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MLOW = (P-PMIN) * (-0.5)

- M/bD2

Fiqure 2.14.2 - Value of IPLOW equal to 1

/bD

e MLOW

-

PMIN

PLOW = PMIN + IPLOW * (PMAX - PMIN)
8
MLOW = (P - PLOW) * SLOPE

“~.o__SLOPE

" -

line IPLOW = p+1

b M/bD2

Fiqure 2.14.3 - Value of IPLOW greater than 1
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(2) If the value of IPLOW 1s greater than 1 then the slope of
the next lowest steel % must be used. Note that the slope
s calculated from coefficients in subroutine RTVP. (See

Figure 2.14.3)

PLOW = PMIN + IPLOW (PMAX - PMIN) (= position where p=0 line crosses
8 P/bD axis)

From this MLOW = (P-PLOW)* SLOPE

(f) If 1t is found that the required steel % is greater than 8 then SP is

set =9. This is an error condition but it is detected later in the

program.

2.14.3 Public Storage: (See Section 3)

PUBLIC/CR/FCU, IFLAG, PMIN, PMAX

2.14.4 Local Storage

IPLOW - Current integer value of the steel being considered
P )
)

M ) Temporary storage for stress values

)
MHIGH )

)
MLOW )

PLOW P value where IPLOW 1ine crosses the M=0 axis.



ENTER
SP =9
IPLOW = 0
P = LD4(1,1)
M = LD4(2,1)

¥

Y

IPLOW =

P-PMIN
PMAX-PMIN

INT| 8* +1

MUIGH =
FUNCP (P, IPLOW)

]

PLOW =

rnINoLE%QE PMAX-PHIN]

¥

HLOW =
P/2- P/1.1T°F'e
IPLOW =
IPLOW + 1
A & P =9
N
MLOW = MHIGH
MHIGH =
] FUNCP(P, IPLOW)
l i
< < MHIGH
Y
MLOW = SP =
. PNINY2, HHIGH - M
{P'P”‘“)'(*'.585r'c) IPLOW - L iTGH - mLow
MLOW =

|(P-PLOW) * FUNCD(PLOW, IPLOW-

|

FIGURE 2.14.4 - Flow Chart - CALCP

EXIT
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2.14.5 Arqument Variables

SP - Contains the value of steel % required. (set to =S by FINDP)
LD4(I,J) - Contains the coordinate load values being considered
1=1,2 -P,M

J - Load number being considered

2.14.6 Subroutines/Functions accessed

FUNCP(P,IPLOW)

2.15 Function FUNCP(X,I): moment capacity determination

2.15.1 Duty Specification

Find the appropriate moment capacity given the axial force existing.

2.15.2 Procedure and Justification

The function uses the coefficients stored by RTVP. Each steel % line has been

stored in the form:

Y = A + Bx + Cx2 + Dx3 + Ex4 + Fx5 +Bx6

Where: COEFP(IFLAG,%,1)

" 2)
1] 3)
" 4)
n 5)
n 6)

A
B
c
D
E
F
G i 7)

Y = Moment X = Axial force

It 1s therefore only necessary to do a repetitive summation and multiplication.



ENTER

Y

S
= COEFP(IFLAG,I,1)}

k=27 D p—l S = COEFP(IFLAG,I,K)*Xt(K -1)

!

FIGURE 2.15.1 - Flow Chart - FUHCP
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2.15.3 Public Storage: (See Section 3)

PUBLIC/CR/COEFP(,,), IFLAG

2.15.4 Local Storage

S - Summation Variable

- Iteration Variable

e

2.15.5 Arqument Variables

X - Contains value of axial load

I - Steel % being considered

2.16 Subroutine ARRANG: Steel arrangement

N

.16.1 Duty Specification

Determine the most economical arrangement of steel bars which satisfies the
steel percentage requirements of the analysis routines. A description of

column bar bundling is fincluded although the GENESYS system does not at

present permit 1it.

2.16.2 Controlling Parameters

Steel % - PXY ( STEELP(3,1) )
- PX ( STEELP(1,1) )
- PY ( STEELP(Z2,1) )

Stipulate that only bars of the same diameter are to be used.



2.16.3

(a)

(b)

(c)

(d)
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Procedure and Justification

Retrieve the steel percentages to be achieved and perform the

following tests:

(1) If any of (PX , PY , PXY) are greater than 8 then EXIT.
(11) If all of (PX , PY , PXY) are less than 1 then set PX or PY
=1 depending on which has the larger dimension. This will

lead to the largest bar spacing.

Calculate the Steel areas to be provided:

Mono-X AST(1) = STEELP(1,1) * B1 * B2/100

Mono-Y AST(2) STEELP(2,1) * B1 * B2/100

Biaxial AST(3) = STEELP(3,1) * B1 * B2/100

Allow the following bar sizes:

12,16,20,24,28,32,36 mm

Calculate the number of bars required for biaxial bending with the

following criteria for each bar size:

(1) The number of bars must be an integer and a multiple of 4
(1) Do not allow B bars (because the charts do not apply) and
instead use 12

(i11) At least 4 corner bars are put in.
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This leads to the following statements:

NBIBAR(1)= 4 x INT((AST(3)/110) x 1/4 +1) ... 12mm
NBIBAR(2)= 4 x INT((AST(3)/200) x 1/4 +1) ... l6mm
NBIBAR(3)= 4 x INT((AST(3)/310) x 1/4 +1) ... 20mm
NBIBAR(4)= 4 x INT((AST(3)/450) x 1/4 +1) ... 24mm
etc...

Where 110,200,310,etc.. are the single bar areas and NBIBAR refers to

the number of 12,16,20,etc... bars required.

Determine the effect of the adjacent face bars by finding an
equivalent number of bars which would be equal in capacity if placed
at the same distance from the centreline as the face bars. This

produces the number EFFBAR() which is the same for X & Y directions.

Yl
:X—Face
L]
1 .
; "//,»These also reinforce X-Face
o ; ©
r—----- -------- ‘ --------- - - -
S 3 b . = X-Face Bars
o E o 0 = Y-Face Bars
: . |Y-Face
¥

Fiqure 2.16.1 - Adjacent Face Bars

These bars are also reinforcing the X-face by a reduced amount

depending on their positions relative to the X-face bars.
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The steel area required in the X face is thus reduced by presence of

the Y-face bars.

The effectiveness of the adjacent face bars is given by the following

relationships.

(1)

(11)

For example:

If NBIBAR() = 4 then no allowance can be made. (Note that
a similar situation could have arisen 1in the case of
NBIBAR() = 8 because the adjacent face bar would be on the

centreline. However 8 bars are not permitted.

The number of face bars is (initially) given by:
IFACEX()) = NBIBAR() + 1

IFACEY() 4

(o] o () [+
=
/
o O]
=5
o | <]
-
o o o o :éa
NBIBAR() = 16
IFACEX() = 5
Fiqure 2.16.2 - Face Bars IFACEY() = 5

Note also that for the purposes of calculating PX & PY face

bars on both faces must be considered.

X bars provided = 2 x IFACEX()

Y barsprovided = 2 x IFACEY()
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(111) If IFACEX() is odd then the following applies:

Assume a linear strain distribution.

% St cain

T ]
Lf’#,,,Jrf*’#'_ XBae | Bar

IFACEX() = 5

Fiqure 2.16.3 - TFACEX ( } is odd

In the above case, B1 and B5 are already considered as
X-face bars, B3 is ineffective and both B2 and B4 have the

effect of 1/2 bar.

This may be followed through a number of bars:

__——T1 | IFACEX()=5 N=1/2 =0.5
—— T | TIFACEX()=7 N=1/3+2/3=1.0
___—T1 T | TFACEX()=9 N =1/4 +2/8 + 3/4 = 1.5
1T [ | TIFACEX()=11 N =1/5 + 2/5 + 3/5 + 4/5 = 2.0
1T T [ ] TIFACEX()=13 N =1/6 + 2/6 + 3/6 + 4/6 + 5/6

2.5

The vrelationship 1s obviously 1linear but note that the total
contribution is 4 x N because there are +ve and -ve bars on two faces

(symmetrical about centreline).
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Therefore the contribution of the side face bars is given as follows:

IFACEX()
IFACEX()
IFACEX()
IFACEX()
IFACEX()

IFACEX()

3 - Not permitted
5 -4x.5=2

7 -4x1.0=214

9 -4x1.5=6

1
o2}

11 - 4x2.0

Therefore if IFACEX() is 0ODD EFFBAR() = IFACEX() - 3

Note that at this stage IFACEX() = IFACEY().

(1v)

e | IFACEX()=4 N

If TFACEX() is even then the following applies:
If IFACEX() = 2 then set EFFBAR() = 0 because the corner

bars have already been considered.

Following the same method as in (111) the following may be

derived:

1/3 = 0.33

T | IFACEX()=6 N

1/5 + 3/5 = 0.8

1 ] IFACEX()=8 N

1/7 + 3/7 + 3/7 = 1.29

1/9 + 3/9 + 5/9 + 7/9 = 1.78

Similarly if IFACEX() 10, N

IFACEX() 12, N = 1/11 + 3/11 + 5/11 + 1/11 +

9/N

= 2.21
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IFACEX() = 4 -4 x .33 =1.33
IFACEX() = 6 - 4 x .80 = 3.20
IFACEX() = 8 -4 x1.29 =5.14
IFACEX() = 10 -4 x1.78 = 7.1
IFACEX() = 12 - 4 x 2.27= 9.09

This plots as a straight line and using the usual method

of finding the equation of a 1ine then:

If IFACEX() is EVEN EFFBAR() = 0.97 x IFACEX() - 2.55

(f) Calculate the number of additional X & Y face bars required to
satisfy PX & PY accounting for the bars already present for the

biaxial case as follows:

Given:
TFACEX()
= number offace bars present
IFACEY()
EFFBAR() = effective number of side face bars
+1 = factor to ensure that if the number of bars required is

between two integers then the higher of the two is chosen.

AS= 110,200,310 single bar areas

AST(1),AST(2) required moncaxial steel areas
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Note that EFFBAR() 1s multiplied and then divided by the bar area

because EFFBAR() could be fractional.

The additional bars required in each face are given as follows:

IDIFFX() INT(1/2 * ((AST(1) - EFFBAR()*AS)/AS))+1 - IFACEX()

IDIFFY() INT(1/2 * ((AST(2) - EFFBAR()*AS)/AS))+1 - IFACEY()

Then provided IDIFFX() and IDIFFY() are positive i.e. if the biaxial

steel provided is insufficient to cater for the monoaxial loads then:

IFACEX() IFACEX() + IDIFFX()

IFACEY() IFACEY() + IDIFFY()

Note that (initially) IFACEX() =IFACEY() and that this 1is not true

only if bar bundling is to be considered.

Calculate the cost of each of the seven solutions. The method of
costing the solutions is based on the procedure adopted by the
Estimating Section, Design Services Branch, Engineering and Water

Supply Department (E & WS).

For estimating purposes the E & WS use the following rates for the
supply, bending and fixing of reinforcement in concrete columns (as

at July, 1979):
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$650/tonne - large bars

$700/tonne - small bars

It was decided to use these figures to find the relative cost per bar
of the different sized bars on a linear scale with 12 mm representing

the small bar and 36mm the large bar.

To further simplify the relation between the bars it was decided to

assume 100 metre lengths of bar.

Therefore if N = number of bars

A = area of one bar (mmz)

S = density of steel = 7.7 tonnes/m3
Weight of N bars W=7.7*%100*A*10"% * N tonnes

7.7 * 10'4 * A * N tonnes

therefore for W = 1 tonne

N = 1 = number of bars in one tonne Q 100m long.
7.7 x 10-% x A

This leads to the following table:

Bar Area Bars/tonne Cost/tonne Cost/bar Relative Cost/bar

mmn  mm2 $ $ $

36 1020 1.273 650 510 1.00
32 800 1.623 658 405 .79
28 620 2.095 667 318 .62
24 450 2.886 675 233 .46
20 310 4.189 683 163 .32
16 200 6.494 692 107 .21
12 110 11.806 700 59 12

Table 2.16.1 Relative Cost Per Bar
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If this is plotted on a graph it appears as follows:

CO3T
A

1.0 1

0.8 7

0.6 4

0.4 1

o

12 16 20 24 28 32 36

Figure 2.16.4 Cost Vs Bar Diameter

The graph looks parabolic so assume that:

COST = sz + Bx + C, 5 bar diameter _ 3

4
Solving the quadratic equation gives:

Y = .0111x2 + .08X + .12

> Bar Diameter



(h)
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If a resubstitution is made then the following results arises:

X F(X) Y

0 .12 .12
1 .21 .21
2 .32 .32
3 .46 .46
4 .62 .62
5 .80 .19
6 1.00 1.00

Thus it would appear that the equation is adequate.

Therefore given that 0 = 12mm bar= counting variable 1

1 16mm bar = counting variable 2

COST = .011T*(I-1)2+ .08*(I-1) + .12

The total number of bars in a particular solution is

= 2*(1FACEX() + IFACEY())-4

Therefore COST(1) (2*(IFACEX(1) + IFACEY(1))-4)*f(1)

COST(2) (2*(IFACEX(2) + IFACEY(?2))-4)*f(?)

Where f(I) = .0111*(1-1)2 + .08*(1I-1) + .12

Calculate the spacings in each face and bundle the bars if the
spacing 1is less than 40mm or 1.5(bar diameter). Note that the
facility to bundle column bars has not been 1included in the
replacement module because the rest of the system does not allow it.
However a method of doing it has been included in case the rest of

the system is altered to permit bundled column bars.
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If bundling is permitted 1t should conform to the following:

(1)

(11)

(111)

(1v)

Bundling 1s not permitted for bar diameters less than 20mm

(i.e. for bars 12mm and 16mm)

Only corner bars are to be bundled. This greatly
simplifies the stirrup requirements and also the setting
out of the solution. This is considered reasonable because
the necessity to bundle bars usually indicates inadequate

column dimensions.

The maximum number of bars per bundle is 4. Because both
the X & Y faces may need to have their bars bundled, the
total number of bars per bundle 1is the sum of those
required independently for the X & Y faces. This figure

must not be greater than 4.

An unsatisfactory solution will be indicated by setting the
COST of the solution to a very high number such as 10,000.
This represents 10,000 of 36mm bars and is unlikely to

occur in practice.
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(v) The method of solution is as follows:

1. Assume NBUNDX() and NBUNDY() = 0
II. Consider X face and calculate SPACEX(). If SPACEX()
is not within Timits then increment NBUNDX()
(to a maximum of 3) and recalculate SPACEX().
If SPACEX() cannot be made within 1imits then
set COST() = 10,000 and procede to the next
bar size.
III. Consider Y face as in (II)
IV. Test if this 1s the first time through - ij.e.

if IFLAG = O.

V. If IFLAG = 0 then:
if NBUNDX() is 1 set DY = DY - 2 * DB
and IFLAG = 1 and goto step 1
if NBUNDY() is 1 set DX = DX - 2 * DB
and IFLAG = 1 and goto step 1
(This 1s necessary because if more than 1 bar is
bundled then the spacing in the other face is
affected)
VI. Test if NBUNDX() + NBUNDY() is >3 and if so set
COST() = 10,000. This ensures that the total
number of bundled bars is not greater than 3 -

i.e. 4 bars per corner

VII. Proceed to the next bar size.

¥ DB = bar diameter.
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The calculation of SPACEX() and SPACEY() is as follows:

I. the number of bars adjacent to the face is given as:
NFACEX() = TIFACEX() - 2*(NBUNDX() -1)
(see following table)
II. the number of clear spaces between bars is given as
NSPACEX() = (IFACEX() - (2*NBUNDX()+1)
I1I. the above relationships may be illustrated in the

following table:

NBUNDX() =1 NBUNDX() =2  NBUNDX() =3

NFACE NSPACE  NFACE NSPACE  NFACE NSPACE

2 210 B ra— A ra—
3 o1 2F 1A 4 1
4 112 AF A0 . TR
5 2F 13 G 41 2L d
6 3 14 1 A2 = [ oma |
1 415 2F - 1 3 o =
8 5F 16 3T 14 1 =l

A -ve NFACE indicates that there are no bars near the face.

If NSPACE is <1 then the bundled solution is not valid.
This fact is used to check the validity of any bundling

attempt.

Table 2.16.2 Bar Relationships




(1)

(3

2217

Iv. The spacing is then calculated as follows:
SPACEX() = DX - 2*COV - NFACEX*DB DB = bar diameter.
NSPACEX()

For example:

-~ IFACE = 7
IBUND = 2
NFACE = 5
NSPACE = 2

Fiqure 2.16.5 Bundled Bars

Check whether beam bar spacing is to be considered and 1f so check
the spacing and number of face bars against the number allowed by

BCLASH. If this is not satisfied then set COST = 10,000.

For bar sizes greater than that specified as the maximum allowed by

the user, set COST = 10,000.

If the steel percentage finally provided is greater than

.08 then set COST =10,000.

Determine the cheapest solution found which 1is 1less than 10,000.
This 1is done by sorting through COST and storing the value of I if a
solution is found which is cheaper than the previous. An error flag

is set 1f the COST turns out to be 10,000.
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Check splice congestion (divide SPACEX() and SPACEY() by 2 which
gives the spacing at a splice because double the number of bars is
present). If this is not greater than 40mm or 1.50B then set ISPLICE

= 1 which indicates that the bars must be offset.

Design the stirrup reinforcement (Section 6.7 and 6.8 in AS1480) For

each bar diameter:

i If NBUNDX() or NBUNDY() 1s greater than D
then stirrup dia = 10 mm and spacing = D/2 or BxDB
i1 If both NBUNDX() and NBUNDY() =0

then stirrup dia = 6 mm and spacing = D or 16xDB

Where D = the smaller of DX and Dy. (Pg. 225

Note that Section 11.10.3.1 c¢) v) in AS1480 allows the floor slab to
provide lateral restraint at a splice. As there will be no splices
within a column length it will not be necessary to provide extra
lateral support (in the form of more stirrups) for the offset bars in

a splice.

Note that steps J, K, L are not included in the Replacement Module

because their function is carried out in the Detailing Module.

Put the solution into a form usable by the detailing module of

GENESYS.

If I is the solution number chosen then set DB = 4(I+2). This 1is

discussed more fully in Section 4.
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2.16.4 Public Storaqge: (See Section 3)

PUBLIC/CR/ALP,ASC,B1,82,CLD(,),COST(),COV,ECX,ECY,FK(,),IBARS(,),IBIAX,ICNT,IERR
,KSXY,NB1,NB2,NOER(),NT1,NUTRAL,STEELP(,),SXY(),TBLE(,) Also  NBUNDX() and

NBUNDY() 1if bar bundling is to be permitted.

2.16.5 Local Storage

In the following, T = 1,7 is the bar size indicator

I

1 represents a 12mmbar

I1 =2 represents a 16mm bar etc
A Temporary storage of steel area
AST(I),I=1,3 Steel area calculated from STEELP( I,1).
+ COST(IL),I=1,7 Cost of each solution
D Spacing test variable
Ll DX1,DY1 Temporary storage for column dimensions used when
considering the effects of the bundled bars on
side face
EFFBAR(I),I1=1,7 Effective number of side face bars
18 Load case number producing biaxial design case
kk IFL =0 if going through SPACEing for the first time
1COST I value of the cheapest solution
IDIFFX(I),I=1,7 Number of additional bars in X-Face
IDIFFY(I),I=1,7 Number of additional bars in Y-Face
IFACEX(I),I=1,7 Number of X-Face bars
IFACEY(I),I=1,7 Number of Y-Face bars
ISP Next integer value above SP (but not greater than 8)
IX Load case number producing Mono-X design solution
1Y Load case number producing Mono-Y design solution
K Moment, direction indicator
MHIGH Moment capacity if ISP were present
MU Applied ultimate moment
NBIBAR(I),I=1,7 Number of bars required for biaxial solution
NFACEX(I),I=1,7 Number of bars closest to the X-Face
NFACEY(I),I=1,7 Number of bars closest to the Y-Face
NSPACEX Number of spaces in the X-Face
NSPACEY Number of spaces in the Y-Face
SP Steel percent provided
SPACEX(L),I=1,7 Spacing of bars in the X-Face
SPACEY(I1),I=1,7 Spacing of bars in the Y-Face
TCOST Current Towest cost
Also I Counting variable representing bar size
** Only used if bar bundling is permitted
+ Not used by the replacement module because the system contains its

own routine for determining the cheapest solution.
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IDIFFX(1)

IDIFFY(I)

295%.5 » INT{{(AST(1) - EFFBAR(I) * BAR)/B&R)+1)-IFACEX(I)

L9545 & INT(((AST(2) - EFFBAR(I) * BAR)/BAR)+1) - IFACEY(I)

r J[
Y| 1eackx(n) = 1RACEX(D) + Iprrkx(x) .
Y
Y

1 A~ IDLFFY(X)> 0 IFACEY(1) = IFACEY(I) + IDIFFX(I)

N r
‘P
COST(I) = X
(2~ (TFACEX(I) + IFACEY(I)-4) *( .0111%(I-1)"~+ .0841 t+ .12}
A
IFL = O NSPACEX(I) = IFACEX(I) = 1 HNBUNDX(I) = O
t | NSPACEY(I) = IFACEY(I) - | NBUNDY(I) = O
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(DX1 - 2%Cov - NFACEX(I)*DB)/NSPACEX(I)
. .. . X -
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FIGURE 2.16.6 - Flow Chart - ARRANG Part 2
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3. DESCRIPTION OF PUBLIC VARIABLES

3.1 Introduction

This section describes in detail the function of each PUBLIC variable used in
the module. Included as well are the PUBLIC variables that were used in the

original GENESYS module but no longer required.

3.2 Variables in PUBLIC/COLUMNS/

CSP(IPROP,INO): Defines dimensions and eccentricities of all columns. If
there is no column above the current column then relevant

data vectors do not exist.

INO=1: Properties relate to column above.

=2 " " " " considered

IPROP =1 Width about Y-Y axis (mm)
=2 " B X-X axis (mm)
=3 Eccentricity about Y-Y axis (mm)

=4 " " X-X axis (mm)

In addition IPROP may indicate various properties of circular or L-shaped

columns which are not relevant here.



GL( IPROP)

IPROP

=1

Note: (a)

(b)
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Contains various detaills of column properties - heights,
shears, and stiffness.

Distance from the highest structural level at bottom of
column to lowest structural level at the top of the column.
Clear height of current column for bending about the Y-Y
axis (mm).

As for 2 but for X-X axis (mm)

Distance from highest structural level at bottom of column
to highest structural level at top of column(mm)

Maximum structural thickness at top of current column (mm)
Maximum shear along X-X axis (kN)

Maximum shear along Y-Y axis (kN)

Clear height of column above current column (bending about
Y-Y axis (mm))

As above for X-X axis

Ratio of sum of column stiffnesses to the sum of the
beam/flat slab stiffnesses at the bottom of the current
column for bending about the Y-Y axis

As above for the top of column about Y-Y axis

As above for the top of column about X-X axis

As above for top of column above for Y-Y axis

As above for top of column above for X-X axis

structural 1levels and structural thicknesses refer to
flat-slabs where present, otherwise to beams
clear height refers to the minimum clear height taking into

account both beams and flat-slabs.



1GL( IPROP,1COL)
1coL
IPROP =1

=2

-3

-4

=5
IP(IC,INO)
INO
IC =1

KOLUMN Indicator

=0
=1
P( IPROP, INO)
INO Number of

236

Defines grids, floors and orientation of columns within
batch

number of column within batch

Engineer's entry under GRID1 of input table

Engineer's entry under GRID2 of input table

slashed form “f/f" defining start and end of column 1ift
"FAR", "RIGHT", "NEAR", or "LEFT" - the first face of the
column into which a column strip frames

title of column strip framing into the face named under
IPROP = 4(in form ‘“"glL/g2/91") related to the grid
references of the columns

Stores references to the columns to which each loading
combination in the public array P applies

Number of load combination

Contains the subscript ICOL 4in the public array IGL
defining the 1th. column to which the loading combination
applies

to lower or upper column shaft being designed

lower column 1ift

upper column Tift

Stores all loading combinations appiied to the column being
designed and to the column above it

load combinations (maximum is n + m as given in MS()



IPROP

Note:

ST(1PROP)

IPROP

_37

Axi1al Toad in 1ift (inc selfW.)(kN)
Moment X-X at head (kNm)
Moment Y-Y at head (kNm)
Moment X-X at foot (kNm)
Moment Y-Y at foot (kNm)
= -1.0 : loading contains wind load

1.0: loading does not contain wind load

moments are stored clockwise +ve when the gridline defining the axis

is viewed with its positive direction running from left to right.

=1

for defining characteristic strengths, cover and kicker size

characteristic strength of concrete in current column (MPa)
ultimate anchorage bond stress 1in compression for current
column (MPa) (not used in AS 1480 version)

maximum shear stress for current column (Nmm2 )
characteristic strength of concrete for column above
current column (MPa)

ultimate anchorage bond stress 1in compression for column
above current column (MPa)

characteristic strength of main steel (bars > 16mm) (MPa)

characteristic strength of main steel (bars < 16mm) (MPa)



MS( IPROP)

1PROP

=12

=13

Note:

=1
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kicker sizer (mm)

cover

ultimate anchorage bond stress in tension for current column
ultimate anchorage bond stress in tension for column above
current 11ft

maximum aggregate size (mm)

tensile force in column tie (kN) in X - direction ( =0.0 if
none specified)

as for 13 but in Y - direction

characteristic strength of 1ink steel(bars > 16mm) (MPa)

characteristic strength of 1ink steel (bars < 16mm)(MPa)

The anchorage bond stress is calculated for the concrete
grade and steel designation selected by the user for the
respective column 1ift, unless defined specifically in the

concrete properties table.

Defines miscellaneous data

= 0 : design only

> 0 : detailing required

number of columns within Type

n, number of load cases on column 1ift to be designed

m, number of 1load cases on column 1ift above 1ift to be

designed



=20
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=1 : column is unbraced

=2 : column is braced E - W only

=3 : column is braced N - S only

= 4 : column is braced in both directions
title of group

= 2 : column is rectangular

= 0 : column above exists

=1 : no column above

BATCH number

Designation of main steel ("R", "HY", or "CW")
Designation of 1ink steel ("R" etc)

Maximum bar size for corner bars (mm)
Preferred bar size for corner bars (mm)
Maximum bar size for intermediate bars (mm)
Preferred bar size for intermediate bars (mm)
Concrete Strength (MPa)

Steel type ( 0, 1, or 2 specified in CP110)
Maximum bar size for beam bars (mm)

= 0 : beam bars single

=1 : beaﬁ bars paired

= 0 : no beams in EW or NS direction

=1 : beam in E - W direction only

=2 : beam in N - S "

3 :beam in both directions
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3.3 Variables in PUBLIC/RCSYS

IISYS Column slenderness marker
=0 slender column
=1 short column

ISPCL Indicator to whether the load case is a 1ight load or not

ISYS Load case number under consideration

LDBI(I) Contains pointers to the biaxial load cases in the array SLD ( , )

I =1,N Total number of biaxial cases in the run = N

NSYS Total number of load cases in the run

SLD(I,J) Contains the considered load cases in the analysis stored in order of

decreasing values of the applied axial load

J Load case number
I =1 Axial Toad (N)
=2 Moment in X - direction (Nmm)
=3 Moment in Y - direction (Nmm)
3.4 Variables in PUBLIC/CR/

AA(L,J) Area of steel bars taken in pairs
J Bar size marker

I Number of pairs
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ACRIT The critical axial load value for a design solution

ADW( 1) Holds area of steel of bars in each row in both directions

I and normal to I

ASC Required area of steel for the load case
B Width of column (mm)
B1 Dimension of column in X - direction (mm)
B2 Dimension of column in Y - direction (mm)
CLD(1,d) Defines the computational results of load case J
J Load case number, as in SLD( , )
I =1 = 0 :load case is not critical
=1 : load case used for determining steel
=2 Value of axial load (kN)
=3 Initial moment in X- direction (kNm)
=4 " " "y- o "
=5 = 0 (Dummy)
=6 N/ (B x H)
=1 Initial moment in X- direction /(BH)
=8 Initial moment in Y- direction /(BH)
=9 Moment in X plus addition due to slenderness in X direction
(kNm)
=10 Moment in Y plus addition due to slenderness in Y direction

(kNm)
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CONS 1 )
)
CONS 3 )
) Commonly used factors
CONS 4 )
)
CONS 5 )
cov Cover to main bars (mm)
CRITLD(TI,J) Contains the maximum values of the critical
given bar arrangement inboth X and Y directions
J =1 X - direction
2 Y - direction

DIAM(I)

EL

EX

Where N = number of arrangements obtained

Alternative bar sizes for column reinforcement

=1 Size 12 mm

=7 Size 40 mm

Effective length of the column

Effective length in X - direction

load for a



EY

FCU

FIVE

FK(I,ICNT)

I = 1,NSYS

ICNT

FY

H

IBARS(I,J)

ICNT

LERR

INIT
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Effective length in X - direction

Concrete strength (MPa)

Maximum steel % allowed

Adjustment factor used in conjunction with the additional
moment induced in the column by its deflection

Loading number

Solution number

Steel strength (MPa)

Depth of column w.r.t. load case direction (mm)

Contains the number of bars for arrangements obtained in
the run. 1Infitialised to contain the symbols "BL" for all
bar sizes

Pointer to corner bar size

Pointer to intermediate bar size in X - direction

Pointer to intermediate bar size in Y - direction

Number of design solutions obtained for the column

Number of error messages

Marker for the control of subsequent load cases analysis



IWARN

12

KSXY

MBI

N60

NB1

NB2

NBI

NOER( 1)

NOWR( 1)
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Number of warning messages

Counter to the design solution being checked

Pointer to whether beam bar clashing is to be considered or

not

Flag to the load case type

First load case

Subsequent load case

Calculation of critical axial load

Error flag if combination violates spacing

Maximum number of bars permitted in X - faces

Maximum number of bars permitted in Y - faces

Number of intermediate bars in face normal to the moment

direction

Contains the warning messages fidentification if any

encountered during the course of design

Contains the error messages identification if any during

the course of design



NT1

NUTRAL
-0
=1

OR

ou

PHI

PCLD(I)

I =1
=2
=3
=4
=5
-6
=7
-8
=9
=10
-1
=12
=13
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Marker to the maximum bar diameter to be used which will

not exceed 8% steel area l1imitation or = maximum

specified size (Integer value 1—17)

Indicator to ultimate failure type

Tension controlled

Compression controlled

Control variable used by iterate routine

Control variable used by iterate routine

Capacity reduction factor

user

Contains physical properties of column under consideration

Clear height in X - direction
Clear height in Y - direction
Cover to main bars in X - direction
Cover to main bars in Y - direction

Slenderness ratio in X - direction

Slenderness ratio in Y - direction
Dummy

Dummy

Column section area

Inertia of column in X - direction

Inertia of column in Y - direction
Effective length in X - direction

Effective length in Y - direction



PP(J,3)

J

1 =1
)
=3
=4,N11

SFS 1)

SFS 2)

SFS 3

SXY(1,3)

J -1
=2

I -1
=2

TBLE(I,J)

J -1
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Array holding the value of applied moments in the column
11ft after considering the head and foot moments (if short,
then the maximum of the respective head and foot moments
will be taken. If slender then combined moment is taken)

Load case counter

Value of applied axial load

Value of moment in X - direction

Value of moment in Y - direction

pointer to the column reference that the load case applies

to

Constants used frequently in analysis

Contains the minimum permitted spacing between column bars
in X - Y directions when bar clashing is to be considered

in detailing

X - direction
Y - direction
Spacing between bars

Beam zone and spacing between bars in column section

Contains the analysis results of the column
Bar size 12

Bar size 16
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=NT1 Maximum bar size permitted (36mm)
I =1 Area of steel required when using diameter corresponding to
J'th entry
=2 Applied moment direction, X, Y or both
=3 Value of moment in X - direction
=4 Value of moment in Y - direction
=5 Axial load value
=6 Maximum allowable moment in X - direction (kNm)
2l Bar size marker
=8 Maximum allowable moment in Y - direction (kNm)
=9 Table marker (ICNT)
XSL Slenderness ratio in the X - direction
YSL Slenderness ratio in the Y -direction
ZUN( 1) Contains the value of Nuz, the axial nominal load defined

for all possible corner bar size used in the design of a

column life

1 =1,NT1 Size indicator where NT1 is the maximum corner bar size

usable

3.5Variables in PUBLIC/CR/: which were added for use by the new module

BIAX(I,J) Contains the considered Biaxial Load casaes
I =1 Axial load ( P / bD)
=2 Combined moment (M /bD2 + M /bZD + P * Ec_ )
X y Xy
=3 Corresponding load number in SLD()

J Load number
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COEFB(I1,J) Contains the coefficients of the balanced failure 1line

shown on the design charts

1 =1 Line for Monoaxial - X chart
=2 Line for Monoaxial - Y chart
=3 Line for Biaxial chart
J =1 Slope of line
=2 Intercept on P/bD axis
COEFP(I,J,K) Contains the coefficients of the equations representing the

failure curves on the design charts

K =1 Chart for Monoaxial - X
=2 Chart for Monoaxial - Y
=3 Chart for Biaxial

J =1,8 Steel percentage

1 =1,7 Coefficient number

ECX Initial eccentricity in X - direction
ECY Initial eccentricity in Y -direction
IBIAX Initial number of Biaxial cases found
IFLAG Pointer to loading type being considered

=1 Monoaxial - X

=2 Monoaxial - Y

=3 Biaxial

IMON Initial number of monoaxial cases found



MONX(1,3)

I &l
=2
-3

3

MONY(I,J)

I =1
=2
-3

J

NBUNDX( )

I 1,7

NBUNDY( 1)

I 1,7

NSYSB

NSYSX

NSYSY
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Contains the considered Monoaxial - X Load caases

Axial Toad (P /bD)

Moment (M x/bD2 + P *ECX)

Corresponding load number in SLD(,)

Load number

Contains the considered Monoaxial - Y Load casaes

Axial load (P /bD)

Moment (M y/bZD + P *ECY)

Corresponding load number in SLD(,)

Load number

Contains the
permitted)
Bar diameter
Contains the
permitted)

Bar diameter

number of bundled X -face bars (if bundling

number of bundled Y - face bars (if bundling

Total number of Biaxial Load cases in BIAX(,)

Total number of Monoaxial -x load cases in MONX(,)

Total number of Monoaxial -Y Load cases in MONY(,)
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PMAX Intercept of P = 8% curve on P/bD axis on Design Charts
PMIN Intercept of P = 0% curve on P/bD axis on Design Charts
SLOPE(I) Slope of P=0% curve as it crosses P/bD axis
1 =1 Monoaxial - X Chart
=2 Monoaxial - Y Chart
=3 Biaxial Chart
STEELP(I,J) Steel % required to cover all loading cases
1 =1 For Monoaxial - X
=2 For Monoaxial - Y
=3 For Biaxial
J =1 Steel percentage
=2 Load number in SLD( , ) from which the

percentage was derived
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COMPUTER AIDED DESIGN OF CONCRETE COLUMNS

APPENDIX 6

METHOD FOR AVOIDANCE OF COLUMN/BEAM BAR CLASHING
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METHOD

The method adopted to avoid bar clashing at beam/column intersections is as

follows:

(a)

(b)

(c)

(d)

Select the largest column bar size the user has given (default 32mm)

and place in each corner bar position.

Set the 1ink bar size (]max) to the maximum possible (i.e. = 10 mm

for bundled column bars)

Check that the cover to the maximum main corner bar "Cv" given by (C1
+ 1max) is equal to or greater than the maximum column bar nominal
size. If not, fincrease cover (C1) until cover to main bar (C1 +

1 ax) is equal to the nominal size of the max column bar CMma

m X’

Cv = MAX( CMmax’ (C1 + 1m ))

daX

Calculate the theoretical maximum number of internal bars (N), of the

maximum user given size, that could be placed in each column face.

Let X = length of the long face
Y = length of the short face
Nx = X - 2(Cv. + M) - B
M+8B
Ny =Y - 2(Cv + M) - B

M+ 8B



(e)
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4
]

MAX( BEmax' szax' {Beam Agg + 5))

o
]

MAX( CM__ . BZ ., (Col Agg + 5))

X

Cv = MAX( CM__ , (C1 + 1))

Put the value of Nx and Ny equal to the integer part of Nx and Ny

|CVI M |B| M |Bl

a [o] Q
—
Figqure 6.1 Typical Section
Nx = No of internal bars in X - direction
Ny = No of internal bars in Y - direction
X = 2(Cv) + (Nx + 2)*M + (Nx + 1)*B
= 2(Cv) + 2M + B + Nx*(M + B)
Nx = X - 2(Cv + M) - B

M+ 8B

Calculate the spacings Sx and Sy between internal bar positions on
the long and short faces as follows:

On the long face Sx = X - 2(Cv) - M
(Nx + 1)

On the short face Sy = Y - 2(Cv) - M
(Ny + 1)




(f)

(g)

254

Calculate the location of the first internal bars on the long face

relative to the left hand and right hand short faces of the column

from:

DIMF1, = (Cv + M) + Sx (first internal on long face)
2

Also the 1location of the first dnternal bars on the short face

relative to the long faces of the column from:

DIMFTy= (Cv +M) + Sy
2

If other finternal bars are possible locate them (or it) at successive

distances of Sx or Sy from the first internal bars on the face being

considered.
| F1x | sx |
F]-_;/ [+ o [+} [o] [+ ] [
Pt o o
o )

Figure 6.2 Typical Section

Note that if only one internal bar 1s possible its location will be

the centreline of the column.

F1X = Cv + M + Sx F1Y = Cv + M + Sy
2 2

Where Cv = Max (Cmpayx, (C1 + 1pax))

The location of 1internal bar positions once determined will not
change whatever the size of the bar finally selected for use.



(h)

(1)

(3

(k)
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The centreline positions of corner bars in the column will however
vary with the bar size selected and will depend on the bar diameter
although the cover to corner bars always remains a constant at

(C1 + ]m ) or CMmax whichever 1is Jlarger. For this reason, for

ax
analysis internal bar locations are not measured from the centreline
of corner bars but from the column's external concrete faces. For
detailing the DIMENSION DIMF will be given from the face of the

corner bar (inside of 1ink) as in R.C. - BUILDING/1.

If the number of finternal bars required for a solution is less than
the maximum possible number that could be accommodated then some

locations will be left unfilled.

If the maximum possible number of internal bars is an even number the
first positions to be occupied will be the two nearest to the corner
bars. Additional bars being added if needed in pairs at successive

distances "S" moving towards the centreline.

If the maximum possible number of internal bars is an odd number and
the number required for a solution is even, procede as in I above
f111ing the outside positions first and working in pairs towards the

column centreline.

If the maximum posssible number of bars is odd and the number
required for a solution is also odd, then first locate one bar on the

column centreline and then any additional bars required in



(n
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pairs starting as in I from the outside locations and working inwards

towards the column centreline.

It should be noted that where the maximum possible number of internal
bars 1is even, only an even number can be used. i.e. a maximum
possible four internal bar column can have only two or four bars. It
cannot contain three bars per face because of Tlack of symmetry.
Where the maximum possible number is odd for example a possible five
internal bar column, any number from 1 up to five may be used. 0dd

12}

bar arrangements will contain a bar¢the cotumn centreline position

and for even bar arrangements the column centreline will remain empty.

ALGORITHM

Number of bars = INT((B -_2( C+L+M))- D)

Where L

M+D

= 10 (1ink size for bundled bars)

M = MAX(MCZ,EBBS)
D = MAX((MBZ,MCBS),Col agg + 5))
MCZ = 1.1 x MCBS
MBZ = 1.1 x MBBS if beam bars single
= 2.2 x EBBS if beam bars paired
EBBS = MBBS if beam bars single
= 2 xMBBS if beam bars paired
MCBS = Permitted maximum column bar size
c = cover to Tink
B = dimension of the column face under consideration
MBBS = permitted maximum beam bar size





