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ABSTRACT

A method 1s presented for the Computer Alded Deslgn of Relnforced Concrete

Columns complylng wlth the prov'lslons of Australlan Standard ASì480/1974, "The

Use of Relnforced Concrete ln Structures".

Standard varlables and lnterface parameters

varlous sub-programs descrlbed hereln to be

Relnforced Concrete bullding deslgn system.

have been adopted to

fully lntegrated wlth

enable the

a compìete

A partlcular feature 1s that a comprehenslve set of deslgn charts has been

converted into a serles of equations thus obvlatlng the need to determine the

pos'lt1on of the neutral axls by lteratlon. A dlrect solutlon for the

relnforcement required 1s therefore posslble.

The Thesls has been dlvlded 'lnto 5 sectlons followed by a group

appendlces. The f1 rst sect'lon examlnes the slenderness provlslons of

current verslon of ASl480/74. The varlous approaches used 1n other codes

compared and conslderatlon 1s glven to abandonlng the slmpllfled method

favour of a-more generaì approach.

The Second Sectlon conslders the standardi satlon requ'1 red to al low

Rectanguìar Reinforced Concrete Column deslgn module to be compatlble wlth

bulldlng design system used by GENESYS.

of

the

are

ln

any

the

The Thlrd Section contains the details of a computer program whlch uses the

equations generated from the deslgn charts (see Appendlx I ) to provlde a

deslgn solutlon. It lndlcates where the relevant sectlons of ASl480/74 have

been lnvolved and also how the requlred steel and 1ts dlsposltlon withln the

col umn i s determl ned .
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The Fourth sect'lon descr'lbes the lmplementatlon and testlng of the program'

The Ftfth Sectlon contalns the conc'luslons and generaì comments'
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GLOSSARY OF SY}IBOLS

A factor used to derlve the blaxlal moment from the

mono-axlal moments

Deflectlon or magnlflcatlon factor used 1n liloment

l{agn1f1er method
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COI,IPUTER AIt)ED DESIGN OF CONCRETE COLUI.INS

INTRODUCTION

Computer Alded Design (C.A.D.)'ls a technlque where man and machlne comblne to

form a probìem soìvlng team, the computer performlng the routlne aspects of

deslgn and presentlng the consequences of the deslgner's declslons qulck'ly and

effectlveìy. It 1s not the same as Deslgn Automatlon 1n whlch the computer

can handl e al I demands and constral nts w1 thout recourse to the des 1 gner .

C.A.D. may be applled to a wlde range of actlvlties for example, anaìys1s,

optlmlsatlonrperformancercalculatlon etc., each requlrlng a dlfferent level of

deslgner lnvolvement. In ana'lysis the computer relleves the englneer of

ted'lous calculatlon and there 1s tlttle or no lnput requlred from the englneer

as the program 1s progresslng. The ftndlng of an optlmum solutlon

partlcularly ìends ltseìf to computerlsatlon wlth opportunltles for lteratlon,

llnear prograrrnlng and hlll cllmb'lng (flndlng the peaks 1n a mult'l-dlmenslonal

space). Deslgner lnvolvement would vary accordlng to the compìexlty of the

problem. Performance calcuìat1on 1s also well sulted to C.A.D. technlques.

Results such as speed, efflclency, pobJer, cost etc may be calculated for a

range of dlfferent condltlon and the effect of changlng parameters may be

qulckìy seen. Thls lnvolves a hlgh level of deslgner lnvolvement.

There are certaln quaì1t'les that a C.A.D. system should possess. The system

should accept lnformation 1n a falrly flexlble form preferably also checklng

that the lnput 1s senslble. It should present the consequences and lnferences

of the deslgner's declslons qulckìy and clearly,partlcu'larìy 1f these are to

form the bas'ls for further dec1s1on. For these reasons 1t 1s deslrable that

the des'lgner have access to perlpheraìs such as graph plotters, graphlcs



termlnaìs, llne prlnters, vlsua'l dlsplay unlts etc. Graphlcaì d'lspìays are

partlcularly valuable because of the var'lety of ways 1n whlch'lnformatlon may

be dlspìayed (graphs, maps, dlagrams etc), and because they can be used for

both lnput and output.

Ideaìly the programs used 1n a C.4.0. system should be modular, that is spllt

tnto groups each of whlch 1s responslbìe for a partlcular part of the deslgn.

Thls resuìts 1n cìear log1c and easy debugglng and ensures that as nebJ

caìculatlon methods are evolved, the oìd module may slmpìy be replaced by a

neb, one provlded that the correct lnterfaclng 1s used. If no coupì1ng between

the varlous modules 1s provlded, the deslgner may run the moduìes 1n any order

he sees flt. The advantage of thls 1s that component routlnes may be used in

lsolatlon maklng the system much more flexlble. Each module may be further

subdlvlded contalnlng some or aìl of the followlng types of program:

Servlce routlnes whlch contaln the sequences for performlng the

problem (such as lnput and output)

Calculatlon routlnes for solvlng equatlons and performing arlthmetlc

Loglc routlnes for controlìtng the path of calculation

Data bases for storlng lnformatlon relevant to the deslgn

GENESYS is a computer system whlch has been deveìoped speclf'lcalìy for C.A.D.

It provldes a means whereby component programs, wrltten 1n a ìanguage known as

GENTRAN may complle and execute on a w'lde range of dlfferent computers. It 1s

modular wlth free format data (the lnput belng v1a tables and conrnands) and

the user does not need to know how to program, Just the sequence of conrnands

requl red.
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GTNESYS contal ns a I 1 brary of engl neerl ng subsystems , one of whl ch 1 s

RC - BUILDING/l whlch ltself contalns 36 lnd'lvldual programs for Relnforced

Concrete structures. It can produce the deslgn and detal I 1ncìud1ng bar

f1x1ng, bendlng and welght schedules for beams, coìumns and flat slabs uslng

the Brltl sh Code of Practlce CPI I 0-7ì . The d1 sadvantage to potentlal

Austraìlan users 1s that the Brlt'1sh Code of Practlces dlffers 1n many

respects f rom the correspond'l ng Austral 1 an Code of Practl ce ASì 480/'1 974 .

Therefore the RC/BUILDING/I subsystem 1 s, at present, not acceptabìe ln

Australla.

b{h11e researchlng the alteratlons requlred to convert from CPì10, to ASl480,

slgnlflcant dlfferences brere found 1n the manner of handllng slender columns.

It was then dec'lded that a rev'lew of the slenderness provlslons of a number of

Concrete Codes of Practice would be worth wh'lle.

Thls proJect therefore had two obJectlves:

to examlne the slenderness provlslons of the Australian Concrete

Code, suggest'lng posslble lmprovements

to produce a col umn

RC-BUILDING subsystem

Concrete Code

des 1 gn modul e

but compì yl ng

compatlbìe

wlth the

w1 th the GENESYS

current Austral'lan
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COI.IPUTER AIDED DESIGN OF CONCRITE COLUI,INS

SECTION I - SLENDERNESS EFFECTS

l.l Introductl on

The slenderness of a coìumn 1s lmportant because 1t 1s a measure of the

tendency of the column to buckle.

In thls sectlon, the slenderness provlslons of a number of Concrete Codes of

practlce 'lncìuding ASl480 (Ref ll ) are compared. The merlts of each are

dlscussed and suggestlons are made for posslble changes to ASl480.

1 .2 Theory

1 .2.1 For a p1n-ended member composed of an ldeal llnear elastic materlal,

the stress at wh'lch buckling occurs 1s g'lven by equatlon 1.2.1. Thls

equatlon 1s cornnonly caìled the Eulerrs Curve.

!í. = "'r, lll"

However equatlon 1.2.1 1s onìy valld for values of

elastlc limit. For deslgn purposes the fal lure

dlagrammatlcalìy 1n Flgure 'l .ì.

1.2-1

tl, less than the

curve 1s as shown
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Flqure l.l - Falìure Curve for llnear elastlc-plastlc materlal

The fa1ìure curve shown tn Flgure'1.ì cannot be used as the basls for

deslgning concrete coìumns for the follow'ìng reasons:

(1) Concrete 1s not an ldeal llnear-eìast1c/pìastlc materlal.

(2) Al I owance must be made for non-homogenei ty ,

shrinkage and lnlt1aì out-of-straightness.

c reep,

(3) Columns are usuaììy subJected to a comblnatlon of axlal

load and bendlng moment.

1.2.2 Non Llnear Behavlour

The effect of the non-llnear stress/strain response of concrete on buckì1ng

may be lllustrated uslng the bar-spring assemblage shown 1n Figure 1.2
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.+

P

a

Mi
J Spring

C

From Reference (17), conslderatlon of Flgure 1.2 glves the followlng

relatl onshl ps :

&

P =4

122
123
124s

e+t.

(for e=o)

=4t
L

=r&=4o ty I/T.l,l I

v

-4 z
t_

= Pcrf

hlhere q = Rotatlonal sprlng stlffness (see Flg 1.2)

Equatlons 1.2.4 and 1.2.5 may be represented on an H-t graph as shobrn 1n

Flgure 'l .3.

The features of thls representatlon are that:

the sìope of AC=P, the appìied axlal load

the sìope of 00=Pcr, the crltlcal buckllng load

the lnltial eccentrlclty 1s represented by a shlft 1n

or1g1n by an amount - e along the tr axls

oI cr

t{1

125

126

(a)

( b)

(c)
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f'î

D

c

Dtct

t
ø

f-

Flqure 'l .3 0ef lectlon AnalYsls

The loadlng response of a concrete column may be represented as the

moment/curvature dlagram shown 1n F'igure 1.4 (a) or as the moment/deflectlon

dlagram shown ln Flgure 1.4(b) by the appllcatlon of equatlon 1.2.3. (Note

that q 1s non-llnear).

A

1-

o
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&, = lbhe rotation at which the maxi-rnun
moment is achieved

11n.r = the naximum achievable moment

t1

11r,..r

0-

a) ì4oment/Curvature b) Mornent/Deflectlon

Flgure 1.1, Loading resÞonse of a concrete colunn

Figures 'l .3 and 1.4(b) may be superimposed as shown in Figure -1 .5.

The s1ope, P of the line AX1X2 represents the applied axial- force

and is shown plotted against f t" Figure 1.6.

11

l"l-o,

5
o"
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P -M / emax max

P = Applied axlal l_oad

5" = Initial- defleetion when p
applied

e = fnitial_ eccentriclty

Mr'.¡r

Flqure 1.5 Superlmposltlon of F'lqures 1.3 and ì.4(b)

yl

t_s
max

C x2

t
5"oA

e

I

I

i

I

I

I

I

I

l

'i
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Pnax

P

5

Flqure 1.6 P- 5 plot derlved from Flqure 1.5

Reference (17) contalns a detalled descrlptlon of Flgure 1.6 whlch may be

surmarl zed as fol lows.

The lmpllcation of Ftgure 1.6 1s that the maxlmum ax141 load carrylng capaclty

occurs before the full moment capaclty of the sectlon has been developed.

Rs S lncreases past \, the moment carried 1s lncreaslng but the axlal load

1s decreaslng.

This effect-is most pronounced when e 1s very small because as the value of e

tends towards lnfin1ty, the curve 0XtX2 tends towards a stralght llne (e 1s

represented by the segment A0 on the F axls in Flgure 1.5) and the effect

decrlbed above becomes less and less.

1 .2 .3 Creep Buckl l nq

0 5"

Another shortcomlng of the I lnear-elast'lc theory

concrete 1s that it falls to account for the'long

carrying capacity due to creep.

1 n 1 ts appl I catl on

term reductlon of

to

I oad
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Under certaln cond'ltions, for example susta'lned overload, 1t 1s posslbìe for

thls capaclty reductlon to lnduce a stablì1ty fa1ìure (Creep Buck'llng) after a

flnlte perlod of time.

Thls phenomenon may be lllustrated uslng the bar-sprlng assembìage developed

1n Sectl on 1 .2.2.

The effect of creep 1s to produce an addltlonaì

functlon of tlme as shown 1n Flgure 1.7.
F

lateral defìectlon whlch 1s a

fl ct)

t

Flqure 1.7 Effect of Creep on lateral deflection

The value of Slttl may be calculated as follows (Reference l3)

where u

d( t) the ratlo of the rotatlon Ofter tlme (t) to the

1n1t1al rotatlon

load at whlch creep buckllng wlll occur (see

Reference ì 3)

ì

#

,ó

It,l e

. 1.2-1
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t,'.llth reference to Flgure 1.5, thls addltlonal lateral deflectlon reduces the

slope of llne AC and hence the vaìue of Prur.

The appllcatlon of load P,' over a perlod of time has thus resulted 1n the
F

new P-E. curve shown 1n Flgure'1.8. If now the column were to be loaded by a

load P then buckllng wlll eventua'lly occur due to the actlon of creep. Thls

1s because the curve Ettl gradua'lìy changes wlth tlme so that eventuaììy

Pl 11es below P.

P
max

P

0

Flqure 1.8 P- I curve after creeD

P = Initlal axlal load

The reductlon factor R 1n ASl480-1974 includes some provlslon for the adverse

effects of creep on'long columns. However, as explained 1n Reference (17),1t

would be more ratlonal if the creep were to be consldered as an addltlonal

deflectlon. Thls could be included'ln future revlslons of ASl4B0.

ó

P

From Fig. 1.6

After triCt¡

t
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't .3 Sìenderness Effects Explalned

In addltlon to the appì1ed moments (1f any), all compresslon members carry

moments due to the actlon of the axlal load on the followlng:

(a)

(b)

(c)

(d)

Unavoldable eccentrlcltles

Deslgned eccentrlcltles

0ut-of-stralghtness of the member

The lateral deflectlon

As the slenderness of the member lncreases, the lateral deflectlon effect

lncreases to the polnt where an appreclabìe proportlon of the lnternal moment

is due to thls P -Deìta effect and the load carrylng capaclty beglns to

decrease. At thls polnt a second order analysls should be used to descrlbe

the structural propertles of the member. This second order analysls should

account for the effect of the deformatlons on the equlìlbrlum of the structure

and the non- llnearlty of the materlals.

In practlce the appllcat'lon of these second order analyses to real-llfe
probìems 1s' too compìex f or generaì use and Deslgn Codes usua'l'ly al low f or a

simpllfled method for members of medlum slenderness. If the slenderness

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

1.4 The Slmpl lf 'led Hethod

The Slmpllfied l,lethod 1s an approxlmatlon based upon a number of s'lmpllfylng

assumptlons about both the external and lnternal lnfluences upon the column.

The method proceeds 1n three stages:



1 /,,

Stage 'l: Isolate the member from the rest of the structure and model the

second order structuraì effects as'locaì behavlour 1n the'lsolated

col umn.

Stage 2: From the lsolated column produce an ldeallzed pln-ended column whose

ìength and eccentrlclty are adJusted to match the end constralnts of

the ldeaì1zed column. Thls lntroduces the concept of effectlve

length and equlvaìent eccentrlc'lty.

Columns 1n braced frames are treated dlfferentìy from

unbraced f rames because for unbraced f rames the I ateral

depends upon the column stlffness. The secondary moments

ìlkely to be greater 1n unbraced frames than in braced ones-

those 1n

rigldlty

are thus

Stage 3: AdJust the forces 1n the crltlcal cross-sectlon of the column to

account for the slenderness of the standard pln ended column.

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

slngìe cross sectlon.

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

are:

(l ) The Moment Èlagnlfler method 1n wh'lch the flrst order column moment 1s

multlplled by a magn'lflcatlon factor, I, whlch depends on the load,

P, the effectlve ìength, l, and the bendlng stlffness of the column

cross sect'lon. Thi s 1s the method used 'ln the current Amerl can Code

-,'Bu1ìdlng Code Requlrements for Relnforced Concrete", ACI 318-71

(Ref. l).
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The Addltlonal l4oment Ètethod whlch 1s s'lml lar to the moment magnlf 1er

method 1n that the load P remalns unaìtered but dlffers'ln that an

addl t1 onal moment I s added to the col umn moment 'l nstead of

multlplylng by a factor. Thls method 1s used 1n European Codes such

as the Brltlsh Code - "The Structural Use of Concreter', CP110(Ref.

3), the German Code - rrBeton und Stahlbetonbau, Bem.rrrng und

Ausfuhrung", DIN 1045-1971 (Ref.8) and the CEB Code - "Internatlonaì

Recormendatlons for the Deslgn and Construct'lon of Concrete

Structures'r, CEB - 1970 (Ref . 5).

(3) The Reductlon Factor l¡lethod whlch magnlfles both the moment and the

axlal force. In effect th'ls 1s a load magnlflcatlon method and 1s

used 1n the current ASl480/1974 (Ref. l'l), the earller Amerlcan Code

ACI 318-66 (Ref. 2l and 1n the current Canadlan Code -rrCode for the

Deslgn and Constructlon of Pìaln or Relnforced Concrete Structuresrr,

cSA A23.3-l 970 ( Ref. 4) .

1.5 Comparlson of the Requirements of Varlous Codes

Flve current codes and the CEB Recommendatlon brere chosen for comparlson. It
should be noted that the Canadlan Code CSA 423.3 1s very slmllar to the

earller Amerlcan Code ACI 3'18-63. A summary 1s given 1n Table l.l showlng the

method adopted, the slenderness l1m1ts, the effectlve load factors and the

deslgn eccentrlcitles.

1.5.1 Ranqe of Aoollcatlon

All codes concede that the s'lmpì1f1ed method is llmlted 1n 1ts range of

appì1cat1on. Usuaììy 1f the slenderness 1s below a certa'ln llmlt then

slenderness effects may be lgnored (short column) and 1f above a certaln llmlt

then the deslgn must be based on flrst prlnclpìes.
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The lower llmlts may depend on a number of addltlonal factors such as:

In AS 1480 for unbraced columns, whether the deslgn ls controlled by

tenslon or compresslon fa1ìure.

Aìso the method 1s only aììowed tf the average stlffness ratlo of the

head and foot Jolnts ls less than 10.

l.e. G 5 (Gn
AV

Gg+

= stlffness

= stlffness

) r.5.1)

where G ratlo at head

ratlo at foot
A

Gg



TABLE I. I - COMPARiSON OF CODE SPECIFICATiON

COU NTRY AUSTRAL IA U.S.A CANADA U.K I Ì^JEST GERMANY I EUROPE

DESI GNATI()N I AS]4BO I ACr3l8 | CSAA23.3 | CPllO DINI045 CEB Recs

REFERENCE NO. ll 5Õ34

ARYE 197 4 l97l 1970 1972 197 1 I 970

Procedure Used
tt
I Reduction Factor I

Moment
Magn'ifìer I Reduction Factor I Additional Moment I Additional Moment I Addìtjonal Moment

25mm + D/100

l.B0

1.5
20

***
No ne l25mm or .10*D

r.65 I 1.5
1.4

*

25mm or . lO*D
1.6 I 1.8

1.65

**

None None
0.05D
1.6

40

1.5

None
L/300

Steel Strain
Dependinq on

1.5 1.4 t t. t5 2.1
Eq uat i on

(.¡

l
r
imit
oa

ccen
ricit

n

(?2 for Unbraced )
(35 - (U_) * l2 f or braced )

t42

(20 for Unbraced )
(10 for Braced, Sìngle Curvature)
(27 for Braced, Double Curvature)

70 140

or
None

A proposed change would give .6 + 0.3D

0R reduce F'c by 27%

U er
rweo

100 100 70 ì50

L

F actor I

I 5

**** **

****
-l
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G

r 5 2)

(2) In ACI 318-71 , the ratlo of the end moments il.,/l,lr.

(3) In t)IN 1045, the load eccentrlclty.

(4) In CSA 423.3, whether the column 1s 1n slngle or double curvature.

The cholce of the upper l1m1t 1s somewhat more arbltrary and depends on the

code wrlter's wlllingness to apply the s'lmp'llfied method to hlgh slenderness

rat 1 os

1.5.2 Load Auqmentatlon

The slmp'l1f1ed method is based on lncreaslng the opptied loads to account for

the slenderness and each version has'lts own way of dolng tlr1s.

( a) Reducti on Factor l¡lethod : ( AS I480, CSA 23 .3)

Both the current Austral 1an and Canadlan Codes are based on the earl 1er

verslon of the American Code ACI 318-63. In the Canadlan Code there are 3

separate equatlons for determlning the reductlon factor R whlch depends on

whether the column 1s braced or not and whether the prlmary moments produce

slngìe or double curvature. The Australian Code 1s considerably slmpler uslng

only I equatlon vlz:

2.rctt0c) col umns
tilu6) beams
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R = t.2 - 0.01 (1) 'l .5.3)a
r

!'lhere R = Reductl on Factor

I = Effectlve length

r = Rad l us of gyratl on of sect'lon

In both the Australlan and Canadlan Codes, lf tenslon falìure governs then R

'ls lncreased, whlch has the effect of reduclng the requlred deslgn load

lncrease due to slenderness. Thls has been allowed because a buckllng falìure

ls less llkely to occur when tenslon governs than when compresslon governs.

Rr=ì-(l-R) r .5.3) b

tllhere R' = Reductlon Factor when tens'lon governs

P = Applled axlal load

P = Load at whlch balanced fallure occurs
b

( b) I'loment t{agn1f l er l¡lethod ( ACI 3l8-71 )

In the Amerlcan Code, the deslgn moment ls der'lved by muìt1plylng the larger

of the head and foot moments (HZ) by the factor F deflned as follows:

t
P

b
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F
cm

l- Pu
úPc

where P = the tuler Buckllng Load

ì.5.4)

c

=fr'
L2

r.5.5)

E = Code vaìue for modulus of eìasticity

I = Code vaìue for moment of Inertla

Pu = APPIled axlal load

d = Capaclty reductlon factor

and C- = a term to provlde an equlvaìent eccentrlclty
m

- I for unbraced frames

- .6 + .4 x l{1 but not less than 0.4
È12 for unbraced frames r .5.6)

(c) Addltlonal Èloment l¡lethod ( DIN 1045)

The t¡lest German Approach 1s to calculate an addltlonal eccentriclty caused by

the slenderness effect. The flnal deslgn eccentrlcity thus has 3 components:

i'l = P (e e¿
add

1.5.7)+ +e
o

e the prlmary deslgn eccentrlclty calculated from the appì1ed
o

moment

d
the 1n1t1al eccentrlclty caused by "out-of-stra'lghtness" of

the member, and ls glven bY:

e
ad
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eadd = 0
300 r . s.8)

The ìateral deflectlon at the deslgn cross sectlon andt¿'

depends on both eo and (!) as follows:

For0 (g-<0.3
D

0.1 ì êo

0

r00

For0.3 4a<2.5
D

e[=Dx(9-zO)
r
r00

For 2.5 4 9, < 3.5
D

eg= D x (L-zo) (3.5 - e¿)rD
r00

Thus aìthough the nomlnal

dependlng on the value of eo.

Note also that eC and eadd

lncrease'lts numerical value.

.¿=Dx(3-zO)
r.5.e)

r.5.eb)

1.5.9c)

upper llmlt for 0 1s 70, hlgher values may be used(

should have the same slgn as e
o

so as to

(d) Addltlonaì l4oment l¡lethod (CPll0)

In the U.K. Code, an addltlonal moment iladd 1s added to the prlmary deslgn

moment Ho (= t.*o). Ho 1s derlved 1n a slmllar f ashlon as 1n the ACI

318-71 (Eq 1.5.6) from the head and foot moments as follows:
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Ho = .4 Ht + .6 ll,

Ao). .4 AZ and lto) ll.t. l.s.ì0but

The addltionaì moment (for monoaxlal bendlng about the maJor axls) 1s gtven by:

Hadd = Pp /g\ 2 (ì - .oo35g)
I 7s0\D/ D

I 5 ìl

(e) Addltlonal Homent ttethod (CEB)

In the European code the same provlslons as 1n CPìì0 appìy except that Hadd

1s caìculated dependlng on the curvature Ku 1n the column sectlon at falìure.

lladd = PKuLz 1 .5.12
ì0

ì .6 b|orked ExamPles

The performance of the codes 1s best compared us'lng the rest¡ìts of a number of

ldentlcaì worked exampìes. The results glven here are taken from references 7

and 9 and onìy the most reìevant are presented'

The worked exampìes are treated 1n 3 groups. The flrst cons'lders the varlous

methods for treatlng end effects uslng the fo'lìow1ng coìumn sectlon.
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o.q

o

F 'c = 30 llPa

fsy = 410 HPa

Asc=Ast=.0lsbD

Þ

L

b

Flqure 1.9: Worked Example Column Sectlon

The second group conslders the treatment of an ldeallzed slender p1n ended

column so that a compartson can be made between the var'lous method

for treatlng the sìenderness effect.

The thlrd group compares the ìoad-carrylng capaclty of a glven column

calculated in accordance wlth each code.

1.6.1 End Condltlons

All codes require an effective'length to be calculated to allow for the end

condltlons of the column where:

0" = u0,

[..= effective length

[c = co]umn length l6l

The Amerlcan and Canadlan Codes determlne k for the frame 1n whlch the column

1s sltuated assumlng 1t to be elastic and subJected to axlal load cond'lt1ons.

They make use of the Jackson and Moreland charts ( Ref . 9) wh1 ch were

orlglna'lìy deveìoped from studles of elastic frame stablì1ty of steel

compresslon members.



a)

The cEB and lrlest German codes are s'lm11ar 1n approach to the Amerlcan code 1n

that k 1s determlned from

conslderatlon of the elastlc

an approprlate elastlc anaìYs'ls

buckled shape of the frame. The

or from a

Br1tl sh and

Australlan codes have adopted slmllar, slmpì1f1ed methods for determlnlng k.

For Braced f rames, AS l4g0 glves k the values .75\< k <1 dependlng on end

condltlons and CPlì0 adopts a s1m1ìar range'

For Unbraced frames k 1s greater than unlty and 1s'lndependent of the type of

curvature ( s1 ngl e or doubì e) as fol I ows :

2 I .6.2AS 1480 [ = (l + .3GRV - 0.01 G Av)

Cplìg l=(ì+.3GAV) . 1.6.3

but (( z + .3 Gml n)

Although cPll0 is sllghtly more conservatlve than 4S1480, the upper l1m1t

ensures that reallstic values are adopted'

Comparlsons of the varlous requlrements have been made 1n Ref' 9 and are shown

1n Figures 1.10 (unbraced) and 1.11 (Braced). The factor k 1s plotted agalnst

the stlffness ratlo GA as deftned in Eq 1.5.1. values for GB, at the

other end of the column, are shown on the approprlate curve' Note that for

typlcal floors when the stlffness 1s roughly the same at the head and foot,

the use of GRV would be correct. However 1f GR and Gg hrere unequal the

error ln maklng this assumptlon may be as much as 40% 1f GO = 0 and

GB = l0 and 22% uhen GA = I and GU = ì0'

Thls dlsadvantage is offset by the slmpì'lclty of the AS .|480 method when

compared with the ACI nomogram
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t.o

o.1

0.ô

o.'t

o.6

o.5

Bgt:çe_4. -(gq'-
rrgl - -

Ac f+ csA (cg:5ì

Acl q csA (GB=z)

(6ge ô)

t

,

Gn
2 IeIt

l.l1

k

F1 qure - Effect'lve lenqth factor, sldesway prevented
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1.6.2 Fallure Curves for Pln Ended Column

L
Ref. 7 glves a number of charts representlng dlfferent r ratlos whlch show the

fallure curves of

codes.

the same column derlved from the provlslons of the varlous

From these charts the folìow1ng conclus'lons may be reached.

(l) The AS 1480 column provlsions are among the most conservatlve.

(2) The AS I 480 safety provl slons (Table I

conservative than 1n the other codes.

I I oad factors ) are more

( 3) The addltlonal eccentrlclty requlrement (.u¿¿) of AS 1480 1s seen

1n Tabìe l.l to be more conservative than the other codes.

( 4) In the compression fallure zone, AS 1480 1s one of the most

conservat'lve, aìthough thls 1s due partìy to the conservatlve safety

factors adopted.

( 5) The codes whlch use the reductlon factor method (AS 1480 and CSA)

show large differences 1n the tenslon fallure zone when the 0
r

ratio 1s h1gh. Thls 1s due to the way 1n wh'ìch the reductlon factor

R and the capacity reductlon factor slmultaneousìy vary with

lncreaslng value of e.
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1.6.3 Load Carrvlnq CaPabllltles

Flgure l.l3 shows a ì1ne chart comparlng the load carrylng capabtì1t1es of the

same column as caìcuìated uslng the provlslons of the varlous codes. It

should be noted that an ì/r ratlo of ì00 1s the upper ì1mlt allowed by ASl480.

P/P
o

o.7

o.6

o.5

O. /+

o.3

0.2

0.1

Ul tlmate

- cP

- ACI CSA CEB OIN Ul tlmate

-cP

- ACI CSA CEB DII{

-AS

0-=o
?

AS

0. = 100
r

Floure l l2 Saf e Loads ¿/l = 0.1
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1.7 Aìternatlve l{ethod for Buckllnq Load of a Very Slender Coìumn

Ref.13 g'lves an alternatlve method for calculatlng the buckllng load of a

very slender coìumn. It 1s more accurate than the usual Euìer approach 1n

that the effect of the non-llnear stress/straln re'latlonshlp 1s taken lnto

account.

I .7 . I Assumptl ons

The deveìoped theory makes use of the foììowlng assumptlons (Ref'13):

(a)

(b)

(c)

(d)

(e)

Plane sectlons remaln pìane

Perfect bond exlsts between steel and concrete

Shortenlng under dlrect loads does not affect the geometry

Relnforcement 1s elastopìast1c

The effect of straln hardenlng and relaxatlon of steel may be lgnored

1 .1 .2 Èlethod

The method 1s based on a fourth order po'lynomla'l descrlblng the defìected

shape of a slender relnforced concrete column plnned at both ends and loaded

axlaììy. The coefflclents of thls po'lynomlaì brere determlned by statist'lcal

curve flttlng methods applled to experlmenta'lìy measured deflectlon proflles.

v .l x + ao (x 4 - ztx3¡ 1.7.1

Where y = deflectlon

X = lncrement aìong length

àt,, u4 = totfflclents

L = Length
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Uslng the poìynomla'l , the buckl'lng ìoad 1s glven as f ollows:

N (Axtaì ìoad) = aKEcIT 1 .12.2)

where c 48a. L3 shown 1n Flgure ì.14
8a -3a L

14

K A factor shown 1n non dlmenslonal form 'ìn Flgure l.'13 to account for

the followlng:

(a) Inltlal crookedness and other lmperfectlons

(b) Relatlonshlp between the cyì1nder strength and the 1n sltu

s t rength

(c) Castlng positlons of columns

Ec = Inltlal t¡lodulus of Elastlclty of the concrete cy'llnders

I Equlva'lent Èloment of Inertla of a very sìender column accountlng for

effect of the stee'l

L Equlvaìent ìength

c 1s a geometrical dlmenslonless factor slmllar to ,,' 1n the Euler

formula except that 1t varies wlth the slenderness, ratlo - see Figure 1.14.
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t.7.3 Cons I eratlon of Creep

From observatlon of ìong term behavlour, the above buckì1ng falìure ìoads were

found to be unsafe due to the effect of creep (Ref.13). Further ìong term

stat,ìstlcal anaìys1s enabled the derlvatlon of the folìowlng reductlon factors

wh1ch, when multlplled by the resuìt f rom equat'ìon l.'12.2 gave the recormended

safe axlal ìoad:

For * gg .A¡
1e 100

D < 40 ) R = l.2l - .022 L
<c/r(133 ) D

\<2

1 9
63

)R=.48-.oo4g

ì.12.1

1 .12.2

0n

qo <A/D
13s <u r ) D

* Note that beì orLlO = 30, the normal code provls'lons apply.
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1.8 Comparlnq the Ratlonalltv of ACI and DIN/CP

The ACI magnlfler method, whlch suggests that the loads on a coìumn are

ampllfled by the slenderness effect, appears to be more loglcal than the seml

emplrlcaì moment addttlon method used 1n DIN and CP. However the ACI approach

couìd be crltlclsed on the foìlowlng grounds:

(1) The evaluatlon of EI, and hence

ì 1m'l ted acc u racy .

Pcr' us es empl r'lcaì equatl ons of

( 2) The ACI equatlons follow the l'lnear elastlc approach whlch leads to a

very compllcated sequence of deslgn equatlons.

1.9 Shortcomlnqs of the AS 1480 ilethod

The present AS 1480 slender column requlrements deal lnadequately wlth the

fol lowlng ltems:



(1)

(2)

(3)

(4)

(s) No

be

l.l0 Concluslons and Recormendatlons

The advantages of the ASl480 method are:

It 1s slmple to appìy

The concept of an addltlonal eccentrlclty, whlch must be added to the

deslgn eccentrlclty, ls to be preferred to the alternatlve concept of

mlnlmum eccentrlclty. In thls bray, the varlous effects explained ìn

Sectlon 1.3 are more log'lca'l'ly taken into account.

Secondary fìoor and beam moments lnduced by secondary column

bendlng. These may be slgn'lflcant and ACI, CP and CEB requlre them

to be consldered.

Blaxlal bendlng. CPì.l0 and ACI 318-7.l conta'ln varlous slmpì1f1ed

procedures for blaxlal bendlng.

The adverse effects of creep. Thls 1s speclflcal'ly accounted for 1n

ACI, CP and DIN wh'lle AS '1480 has obvlousìy allowed for 1t 1n the

cholce of R. DIN accounts for creep by the speclflcatlon of an

addlt'lonal eccentrlc'lty. Thls approach 1s a good model of the

physica'l effect of creep and is stilì slmple.

0verall stablì1ty. AS 1480 deals exc'luslvely wlth slngle columns and

no storey by storey check on stablllty 1s speclfled as Ìs glven 1n

the ACI code.

The slenderness of a column whlch 1s fu'l1y f'lxed or p1n-ended.

provlslon 1s made 1n AS 1480 for such columns and they should

provlded perhaps along the'llnes adopted 1n steel deslgn-

(l)

(2)
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The dlsadvantages of the AS 1480 method are:

(l) It 1s conservatlve over the whole range of lts appllcatlon

(2) It 1s less ratlonal than elther the addltlonal moment or moment

magnlfler method

(3) It g'lves unreallstlc resuìts at the llmtt of the stated range of 1ts

appl 1 catl on.

Although the AS 1480 method 1s much less complex than the ACI magnlf'ler method

1t 1s not slgn'lflcantìy slmpler than the moment addltlon method of CP and

DIN. The merlt of CP and DIN l'les 1n the cholce of slmpìe expresslons and not

1n any baslc dlfference between moment magnlficatlon and moment add1tlon.

It 1s therefore recorrnended that 1n future revlslons of AS 1480, conslderatlon

be g'lven to the f ol'lowl ng:

(l ) Removlng the shortcom'lngs llsted 1n Section 1.9

(2) Reduclng the load factors. Thls wlll reduce the conservatlsm of the

current provlslons which glve a safe load typicaììy l5 to 50 percent

lower than calculated by ACI 318-7.l.

(3) Adoptlng the moment addltlon method as used 1n CP and DIN. Thls

would al low greater ratlonaì 1ty whl le malntainlng a fal r degree of

simp'licity. A conslstent approach could be achleved by alìow'lng for

the f ol low'ìng eccentrlcltles:



(a) eo

(b)

36

to glve the applled moment (=

to alìow for out-of-straightness

(= 25rm + .01 x D)

to represent coìumn deflectlon

ü)
P

eadd

(c) td

(d)

ll P (eo + eadd

e
c reep

to allow for creep

Thls sectlon would then be des'lgned for an lnternaì force conslst'lng

of:

P Axlal Load

*"d
c reep

+e ) r 10 1)
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COMPUTER A IDED DESIGN OF CONCRETE COLUMNS

SFCTTNN 2- INTEGRAT ION hIITH GENESYS

2.1 Introductl on

The Cpll0 deslgn module current'ly used by GENESYS for Relnforced Concrete

Columns ls to be replaced by a more efflcient verslon complylng wlth AS 1480.

This repìacement module 1s shown 1n bas'lc detall 1n Sectlon 3 and 1n greater

detal l 1n the Prograrrner's Ref erence lilanuaì , Appendlx 5.

To enable thls repìacement module to be successfully lntegrated wlth GENESYS,

'lt must conform to certaln conventions reìatlng to varlable names and

lnformatlon to be passed between the varlous sub-programs.

Thls sectlon shows how the module deveìoped

GENESYS. It also shows how the orlglnaì

eff'ìclency has been lmProved.

1n Sectlon 3 is lntegrated wlth

CPI I 0 module operates and how

2.2 Frnlanatlon of Column Subsvstem of GENESYS

2.2.1 Introduction

All GTNESYS subprograms which are re'ìevant to column design and detalì'lng are

held w1th1n the subsystem calìed RC-C0LUHN/1.
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The orlglnal vefslon of the subsystem (before alterat'lon to conform to ASl480)

contalned 21 subprograms ldenttfled by both name and number-

The programs dea'l1ng wlth rectanguìar column deslgn and ana'lysls whlch brere

rewrltten by myseìf to conform to AS 1480 and to achleve an lncrease 1n

efflclency are:

. Program 52 OVERLAY rrRC22u

. Program 54 0VERLAY rrRC24u

In the orlglnaì verslon, program 54 dealt excluslvely wlth Blaxlal loadlng

deslgn and aìthough the progranrnlng for the rep'lacement module could be pìaced

1n one module 1t bras dec'ìded to retaln both OVERLAYs to provlde adequate

storage for the 2000+ coefflc'ìents requlred for the repìacement moduìe. Th'ls

ensures that the coefflclents are not he'ld 1n prlmary storage when they are no

ìonger needed - the program enters the next OVERLAY once the correct subset of

coefflcients has been stored.

A sunrnary of programs in the origlnaì vers1on of RC-C0LUMN/l 'ls shown 1n Table

2.1 .

2.2.2 PUBLIC Varlable System

To facl I itate the passlng of lnformatlon between the varlous sub-programs

GENESYS uses PUBLIC varlables. These are slml lar to C0Ml,l0N varlabìes 1n

FoRTRAN but they have the advantage that they do not have to be DIMENSI0Ned

and they are heìd 1n v'lrtual storage. Thus unl1ke C0I'1H0N they are not part of

the program and they may be expanded or reduced at wl I I .
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As wlth COl{l{ON varlables, PUBLIC variables

name. The block names used 1n the column

have access to them are shown 1n Tabìe 2.2.

have a blockname and a varlable

subsystem and the programs wh'lch

2.2.3 Operatlon of Column Subsystem

The sequence of events lnvolved 1n the operatlon of the column sub- system 1s

qulte compìex and a detalìed account is not warranted here except to say that

the subprograms are performed 1n baslcal ly the order of ascendlng program

number.

Thls lmplles that any program whlch has a number hlgher than 52 may have to be

checked to determlne the effect of changes to progran 52. In fact because of

the !,,ay the PUBLIC system 1s organlsed 1t 1s only necessary to determlne how

the orlglnaì module accessed the PUBLIC store and then to ensure that the

rep'lacement module acted llkewlse. Thls also lncluded determinlng how

subsequent programs use the lnformatlon passed'ìnto the PUBLIC store accessed

by progran 52.
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PROG TITLE PUBLIC BLOCK NAME

12
t3
l5
l6
?0
25
¿t
28
37
3B
39
40
50
5l
52
53
54
80
BI
B2

RE L EASE

AS- COL UMN S/ I
MRADA

MRADB
MI NIT
MSLI CT

MRAY I
MRAY2

MSUM

MCGEOM

MCLOAD

MSTORE

MA i N-COL-DESI GN

CIRCULAR COLUMN

RC22
COLUMN DETAIL
RC24
CRC DITAIL
RTC COL DETAILING
REC COL SCHEDULE

*

*

*
*

**

*

*

*

*

*
*

***
*

*
*

*
*
*
*

*
*

*
*
X
*
X
*
*
*

*
*
X

X
*
*
*

Þ.-
J

X

X

*
*
*

*

*

Table 2.2 Publìc Blocks accessed b ro rams ìn RC-COLUMN

* = accessed x = accessed by altered program
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2.3 Exoìanatlon of 0rlolnal llodule for Rectanquìar Column Desiqn

? .3 .1 Introductl on

The orlglnaì column deslgn module 1s contalned wlthln 0VERLAYs 52 and 54 and

cons'l sts of 20 subroutlnes of whlch 5 are used by both 0VERLAYS. These

subroutlnes are surmarlsed 1n Tab'ìes 2.3 and 2.4.

2.3.2 Deslsn Phllosophv

The moduìe aìlows for a mlnlmum moment value of 0.06Pd 1n the approprlate

directlon and 1f both moments exceed a value of 0.03Pd then the column 1s

deslgned for b'laxlal bendlng. Note that P 1s the applled axlal load and d is

the effectlve depth of the column sectlon.

Six dlfferent bar slzes 1n the range 40 to l2rrn are used and 1t 1s poss'lble to

have two d'lfferent bar slzes 1n the column - thls w1lì not be allowed 1n the

repìacement module because 1t is felt that the added compìexlty 1s not worth

the steel saved.

The procedure then lnvolves flrst sorting (and discardlng redundant loads) the

loads lnto descending order of applled axlal load. Some lmprovements of thls

sortlng procedure have been suggested 1n the current module's operatlon

handbook and they have been lncluded in the replacement verslon.

4 bars are selected so that they do not exceed the ìargest size permltted by

the user and so that thelr area does not exceed 6% of the gross concrete area

and that they do not vlolate the spaclng llmltatlons.
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The flrst load case 1s then selected (the one wlth the hlghest axlal ìoad) and

a serles of design soìutlons ls generated w'lth dtfferent slze corner bars (and

'lnternal bars 1f necessary) so that the glven area 1s w1th1n ì576 of the

requlred area. Thts ìlmtt has been chosen to ensure an economlcal deslgn.

Note that thl s requl res an I teratl ve sol utl on because the neutral axl s

posltlon depends on the amount of steel present.

If the ìoad ls blaxiaì, the coìumn 1s deslgned for an equlvalent comblned

bendlng moment as speclfted ln 4S1480.

r

:

',1

:l
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Se I Subroutlne Name I Slze 1nrlal Tasks

RYEìITc 143
l,la1n entry routi ne, control the ca I ì 1ng
sequence for performlng the analysls and
deslgn on the column llft under con-
slderatlon.

3 DRI VER
I In'ltlates the analysl s and deslgn by
I calì1ng the approprlate routlne for the

3 SORT

192

129

d

Sorts the load case ln the descendlng
order of the axlal ìoad appì1ed. Also
ellmlnates the redundant load case ln
the ìoadlno arravs.

FN4

6
I

I EFLTH 58

alu
avoldance routlne.

I Calculatlon of the effectlve length of
I the column under conslderatlon.

7
I

I H0N0AXTAL 306
I For the compìete analysls and deslgn
I of the column subJected to mono-ax'lal

I For calculatlng the addltlona moment 'l

9
1 O I STCALC

lderatlon ls slender.
3 r

I 57 I Inltlallses the solutlon table.

ll ITERATE 179
To deflne the neutraì axls for the
column cross-sectlon 1n order to cal-
culate the nearest area of steeì that

ustment1 SEARC

57
I Arranglng the steel area computed
I accordlnq to the alternatlve bar s1zes.13

I

I ARRANG

l4
I

I KRITICALD 50
I Caìculate the crltical load value for
I the dlfferent bar comblnatlons obtalned.

l5
I

I SPCL 88
I Calculate area of steel for llghtly
I loaded coìumns

Table 2.3 Subroutln

Note that 1n the latest verslon of RC-COLUHN/1, OVERLAY 52 has been broken up
lnto a number of smaìler overlays. However, the design phllosophy remalns the
same.
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tll
Serlal I Subroutlne Name I Slze 1n I Tasks

I

l BIAXIAL 256
Entry to the overìay, 1t compìetes the
analysls and deslgn of the column
under conslderatlon whlch 1s subJect to
blaxlaì load cases.

2 LAP 370
I Inltlates the calculatlon or checklng of
I each load case.
I For calculatlng the addltlonal moment

4l

3 General ut u tlon.
6

1 ITTRATI
To deflne the neutral axls for the
column cross-sectlon ln order to
calculate the nearest area of steel
that can carry the load under cons'lder-

I I I atlon.
I I SEARCH I 50 I Ad.'lustment of the neutraì axl s posltlon.

I I I Arranglng the steel area computed
9 I ARRANG I 57 I accordlnq to the aìternatlve bar slzes.

I I I Catculate the cr'ltlcal ìoad value for
l0 I KRITICALD I SO I the dlfferent bar comblnatlons obtalned.

Tabìe 2.4 Subroutlnes conta'lned ln orlqlnal OVERLAY 54
(81ax1aì Load Deslgn)

Ir?e I

I

I

* Note that 1n t
lnto a number

he
of

latest verslon of RC-COLUllN/ì, 0VERLAY 54 has been sp'llt
smal ler overlays.
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Subsequent load cases are all checked agalnst the generated soìutlons whlch

are revlsed 1f necessary by the addltlon of extra face bars. A solutlon may

be marked as "not poss'lbìe" 1f 1t exceeds the requlred area by more than 15'Á

or 1f 1t v1oìates the spaclng requlrements.

The sol ut1 on chosen for detai I I ng 1 s the cheapest ( accountl ng

varlatlon of cost due to bar sl ze, lap length and I lnk s'l ze and

unless the user has speclfled a preferred slze 1n whlch case the

solutlon wlth that slze of corner bar wlll be chosen.

for the

spac'lng)

c heape s t

2.3.3 Selectlon of ìoad cases for Deslon

The subroutlne whlch performs the load sortlng funct'lon 1s called S0RT and 1s

not to be confused wlth the SORTL routlne used 1n the replacement module.

It is one of the three routlnes from the orlglnaì module whlch have been

retained (although 1n altered form) for use in the rep'lacement module. It
appears as the routlne SORT 1n the repìacement module and 1s dlscussed fully
'ln Secti on 3.9 .

2.3.4 Avoldance of bar clashlnq

Thls 1s the second of the three routines reta'lned from the orlg'lnal module.

Its operatlon 1s descrlbed in Sectlon 3.6 under the routlne BCLASH, and 1n

greater detal'l 1n Appendix 6.
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2.3.5 Caìculatlon of effectlve lenqths

Thls 1s the thlrd routlne retained from the orlginal moduìe. Its operat'lon 1s

descrlbed tn Sectlon 3.5 under the routlne EFLTH.

2.3.6 Baslc Flow Chart

A dlagram showlng the subroutlne calì1ng sequence of the orlglnal module 1s

shown 1n Flgure 2.1 and may be compared wlth that of the repìacement moduìe

shown 1n Flgure 3.2.



/+8

FIGURE 2.t Subroutine CalIing Sequence n1= Original lrlodule

Note: Some routines have been shown turice for clarity
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2.4 Detalls of (0r 1q1nal ilodule/Publ 1c Varlable) Interactlon

In order to lntegrate the rep'lacement module a proper understand'lng of how the

orlglnaì module relates to ltself and other parts of GENESYS 1s requlred.

Aìthough a number of local varlables are used they wlll not be consldered

because they are used 1n the 'lnternal work'lngs of the programs and not 1n the

passlng of lnformatlon.

Tabl e 2 .2 surrnarl ses the PUBLIC bl ock

RC-C0LUllN/1. As shown, onìy varlables 1n

consldered:

names accessed by programs 1n

the f oì'lowl ng bl ock names need be

. /C0LUl.lN/

. /cR/

. /RCSYS/

In add'ìtion, varlables withln these blocks wh'lch do not apply to rectangular

columns have been omltted from conslderat'lon, and those parts of array

elements whlch do not apply have been marked as not relevant. Thls lncludes

parts referrlng to clrcular and L-shaped columns.

The varlables used 1n /C0LUMN/,/CR/,and /RCSYS/ are described 1n detall in

appendlx 5. Access to them 1s shown 1n Table 2.5.
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Table 2.5 Publlc Varlabìe Usaqe Sunmarv of 0rlqlnaì iloduìe

(1.e.OVERLAY 52 and 54)

S = Set by U = Used by D = Oestroyed by

B

I
A

D

L
A

P

B

I
A

x
I
A

K

R

I
T
I
c

A

R

R

A

N

s
E

A

R

c

I
T
E

R

A
T

SUBROUTINE NAI.IE

S

T
c
A

L

A

D

D

H

0
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0
A
x
I
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I

I

I
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E

F

L
T
H

B

c
L
A

S

D

R

I
v
E

c
E

N

T
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VARIABLE

U

U

S

U

U

U

U

U

S

S

S

S

S

S

U

S

U

U

U

U

U

U

U

I

I

Isl
Isl
Iul
I

I

I

I

Iul
I

UIU
I

I

I

I

I

I

I

I

I

I

I
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I
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I
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I

I
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U

U

U

U

U

S

S

U

U

U

S

S

S

U

S

S

S

D

U

S

S

S

U

U

S

U

U

/CR/ (Contd)

OR

OU

PHI

PC

PP(

SF

SF

sxY(

SFSI

)

)

zuN( )

)

S2

S3
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XS
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CA
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)LD

)

cAzM( )
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2.5 fletellc of Informatlon Suoolled to Svstem bv 0r1q1naì Èlodule

2.5 .1 Introductl on

Thls sectlon dlscusses the lnformatlon whlch 1s supplled to the system by the

orlglnal module and whlch must therefore be supplled by the replace module.

2.5.2 Subsvstems Involved

From Table 2.2 the folìow1ng subsystems bJere examined because they have access

to the same PUBLIC bìocks as does the orlglnal moduìe:

(a)

(b)

(c)

(d)

(e)

Program 27

Program 50

Program 53

Program 8l

Program 82

.,MRAY I 'I

U IIAI N_COL-DESI GN 
U

UCOLUI4N DETAILI'

'' REC-COL-DETAI LI NGI'

'' REC-COL-SCHE[)ULE'

2.5.3 Varlables Involved

Table 2.6 llsts all of the varlab'les 1n the BLOCKS /C0LUl'lNS/, /CR/, /RCSYS/

whlch are used by the above over'lays. It lndlcates whether they were set in

the orlglnaì module and, 1f so, by whlch partlcular subroutlne.
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Tabìe 2.6 Var'lables 1n BLOCKS /C0LUI,iNS/. /CR/. /RCSYS/ used outslde of

Var 1 abì e
Name of Subroutlne(s)1n
whlch varlabìe 1s set Varl abl e

Name of Subroutlne(s)
ln set whlch
varlable'ls

),P(CS

GL()

GL(

IP(

LKO

P

Ul.lN

sr( )

o

sL0(

/cR/

HS

/RCSYS/

)

ISPCL

(,)AA

B

B2 CE RY

Set 1n lnterface

It

I

I

I

DR I VER

DRIVER

DRIVER

RYNT

NT

CE

)

DIAl.t( )

ICNT

N0ER( )

)ohlRN

LTRANU

PcLD( )

TBLE( , )

L

ALP( )

(,)LD

0v

)

ARS

FCU

FK(

FY

IB

c

c

XS

YSL

CENTRY

DRMR; ÞI0NOAXIAL;
BIAXIAL; LAP

].IONOAXIAL

l,l0N0AXIAL; STCALC ;
ARRANG; BIAXIAL;

II0N0AXIAL; STCALC ;

}IONOAXIAL; SEARCH ;
BIAXIAL

tI0NOAXIAL; BIAXIAL

DRMR; I4ONOAXIAL;

l,l0NOAXIAL; STCALC ;
BIAXIAL; LAP

I VER

TRYEN

OR

c

ENTRYc

RATETEI

LASH

ASH

BC

BC

LA

L

P
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2.6 Detalls of Publlc Block Svstem adopted for Replacement Hodule

2.6.1 Introductl on

The Publlc Block system rema'lns essentlally the same 1n the repìacement moduìe

as for the orlglnaì module. It h,as not consldered feaslbìe to reduce the

number of Publìc Blocks because each 1s used elsewhere 1n the system. However

the varlables w1th1n the blocks have been altered to remove those whlch have

become redundant and to add several whlch are needed by the repìacement

module. The folìowing parts of thls sectlon exam'lne each Block separateìy and

lndlcate wh'lch varlables have been retalned, deleted or added. A compìete

surrrnary 1s shown 1n Tabl e 2.7 .

?.6.2 Bl ock/COLUMNS/

All have been retalned.

2.6.3 Block/RCSYS/

Remove ISYS,' LOBI(I) and retaln all others. Note however that ISPCL has no

s1gn1f'lcance because the term "'llght load" has no meanlng under the deslgn

ph1ìosophy of the replacement module. However 1t 1s used elsewhere 1n the

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

2 .6.4 Bl ock/CR/

The folìow'ìng varlables have been retalned, + lndicates that the varlable 1s

used only by the system and 'ìs not really necessary for replacement module.
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-AA(,) +

-ASC

-Bl

-82

-cLo (,)+

-c0v

-DIAl,r ( )

-EL

-EX

-EY

-FCU

-F IVE

-FK(,)+

The folìowlng varlables have been omltted:

-FY

-IBARS( , )

-ICNT

-IERR

-ItJARN

-KSXY

-NBI

-NB2

-NoER ( )

-Not¡R( )

_NUTRAL

-PCLD( )

-PP(, )

-sxY( , )

-TBLE( , )

-XSL

-YSL

-ALP( ) +

-NBI

-NT1

-0R

-0u

-PHI

-SFS]

-SF52

-SF53

-ACR IT

-ADIil( )

-B

-CONSì

-c0Ns3

-c0N54

-c0Nss

-cRITLD( , )



The folìow'ìng var'labìes have been added, a compìete descrlptlon of whlch

appears 1n the Prograrmer's Reference Jilanuaì, Appendlx 5-

-H

-INIT

-LZ

-I4BI

-N60

BIAX( , )

c0EFB( , )

OOEFP(,,) :

58

-zuN( )

-cAM( )

-cAl H( )

-cA21.t( )

Contalns the consldered Btaxlal Load cases

Contalns the coefflclents of the balanced fallure llne

shown on the deslgn charts

Contalns the coefflcients of the equatlons representlng

the fallure curves on the deslgn charts

Inltlal eccentrlclty 1n X-d1 rectlon

Inltlaì eccentrlclty 1n Y-dl rectlon

Inltial number of Blaxlal cases found

Polnter to the Loadlng type belng consldered

Initial number of Honoaxial cases found

Contalns the consldered l¡lonoaxial-X load cases

Contalns the consldered Honoaxlal-Y'load cases

Contalns the number of bundled X-Face bars (if bundl'lng

1 s permltted)

Contalns the number of bundled Y-Face bars (1f bundllng

1s permltted)

Total number of Blaxlal Load cases 1n BIAX

Total number of l¡lonoaxlal-X load cases'ln MONX

Total number of l,lonoaxlal-Y load cases 1n M0NY

Intercept of P=8% curve on the P/BD axls on Deslgn charts

ECX

ECY

IBIAX

IFLAG

IMON

M0ttx( , )

l,loNY( , )

NBUN0x( )

NBUNDY( )

NSYSB

NSYSX

NSYSY

PMAX



PI.IIN

STtELP( , )

sLoPE( )

59

Intercept of P=0% curve on P/BD axls on Deslgn Charts

(= 0.595 * FCU)

Steel f to cover all loadlng cases

Sìope of fa'llure curves at the lnstant they cross the

H=0 axl s
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Table 2.7 Publ1c Var'ìabìe Usaqe Suffinarv of Replacement llodule

S = Set by U = Used by D = Destroyed bY

IN E

c
0
L
L
0
A

F

U

N

c

F

U

N

c

c
A

L
c

R

E

D

S

0
R

T

A

R

R

A

N

G

F

I
N

D

S

0
R

D

R

I
v
E

R

T
v

B

c
L
A

s

E

F

L
T
H

c
E

N

T
R

VARIABLE

U

U

s

U

S

S

/cR/ (Contd)

LD0PC

PÈIAX

PHIN

PP

STEELP( , )

)

(,)XYs

LETB

SLx

YSL

ALP( )

S

D

U

U

s

S

S

S

U

U

s

S

U

U
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2.7 Converslon of Reolacement lloduìe Output for use bv Svstem

2.7 .1 I nt rod uc tl on

Because the rep'lacement module tackles the deslgn 1n a dlfferent way the

'ìn1tlal output 1s dlfferent from that of the orlglnal module.The repìacement

module calcuìates the bars requlred dlrectìy whereas the orlglnal module works

by addlng one bar at a tlme untlì the coìumn possesses adequate strength. For

thls reason the output of the program detalled 1n Section 3 1s not lnrnedlateìy

compatlb'le wlth the rest of the system. Thls sectlon exp'la1ns how the

repìacement module output'ls ta1ìored to meet the requlrements of the rest of

the system.

2.1.2 Subroutlnes Involved

All of thls output modlflcatlon 1s done 1n the Subroutine ARRANG because 1t 1s

here that the deslgn solut'lon 1s determlned.

2.1 .3 Varlables Involved

The varlables lnvolved are llsted below and are those varlables appearlng'ln

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

IBARS( , )

cLD( , )

FK(,)

ALP( )

ICNT

TBLt( , )
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2.1 .4 llethod of sett'lno the var'l abl es

All varlables are set Just before ìeavlng ARRANG

2.1 .5 Varl le CL0(I.J)

Thls contalns the computatlonal resu'lts of load case J 1n array SLD(')' The

values for I = 2,8 are set 1n DRMR as 1n the orlglna] module. I - 1

contalns a ..0,, 1f the load case 1s not crltlcal and r'l r' 1f the load case 1s

one used for determlnlng the steeì. The load case numbers used for

determlnlng the steel are held 1n the array STTELP(I,?l,I=1,3 therefore set:

D0 I = 1,3

cL0(l,STEELP(I,2))=l (Note that a dumrny lnteger varlable

1s used for STEELP)

cLD(I,I),I 9 and l0 contains the deslgn moments. In the orlglnaì module

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

DO.I = I,NSYS

CLD(9,J)=CLD(7,J)+CLD(6,J)*ECX * l0-6

CLD(10,J)=CLD(8, J)+CLD(6, J)*ECY * I 0-6

Deslgn tloment = Appì1ed moment + Force * eccentrlclty

2.1 .6 Varl able FK( . )

Thls 1s the adJustment factor flnally used 1n the orlglnal module 1n

conJunctlon w,lth the additlonal moment induced 1n the column by 1ts deflectlon'
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Th,ls varlable 1s thus meanlngìess 1n the terms of the repìacement module

because here the 1n1t1al eccentrlc'lty 'ls 'lndependent of the steel- However

the varlaþìe must be reta'lned because 1t 1s used e'lsewhere ln the system. It

'ìs set = -'ì.0 f or all members.

2 .7 .1 Varl abl e IBARS( I . J )

Thls contalns the number of bars requlred for arrangements obtalned 1n the

run. It 1s 1n1t'ìallsed to contaln the symbo'l rrBLrt for all bar s1zes. The

rep'lacement module version 1s slmpìer than the orlglnal module vers'lon because

al I arrangements conta'ln onìy bars of the same s 1 ze.

J = 1,7 : Corner bar slze (36nrn to l2run)

I = 1,7 : Intermedlate bar slze 1n X-dlrection (36mm to tZrrn)

I = g,ì4 : Intermedlate bar slze 1n Y-dlrectlon (36nm to lZmm)

In the rep'lacement modul e the number

number of X-face bars = IFACEX( I) .

bars.

is = IFACEY(I) and the

these bars are corner

of

Note

Y-face

that

bars

two of

The repìacement module lndlcates

COST(I) = l0 000. Thus before setting

that C0ST = l0 000.

an 'lnvalld solutlon

IBARS(,) flrst a check

by

must

settl ng

be made

2.7.8 Varlable ICNT

Thls 1s the number of deslgn solutlons obta'lned for the column- It 1s set

wh1 I e sett'lng IBARS( , ) as above .
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2.7.9 Varlable TBLE(I.ICNT)

Thls contalns the anaìys1s results of the column. ICNT 1s the soìut1on number

and may range from I to NTl, the maxlmum user permltted bar slze. If there

are no val'ld soìutlons then ICNT=O and TBLE(,) 1s undeflned. I ranges from l

to 9 and takes the f ollowlng values (prov'lde that C0ST(J) = '10 000):

I = l: Thls 1s the area of steeì requlred when us'lng the bar dlameter

speclfled as TBLE(7,ICNT)

In the repìacement moduìe, thls area 1s lndependent of ICNT and so

set TBLE(l,ICNT) = maxlmum steel requlred.

I=2:

I = 3:

Thl s 1s the Appl 1ed moment d1 rect'lon

= I for monoaxlal-x; -2 for monoaxlaì-y; -3 for blaxlal-

accordlng to whlchever requlres the ìarger steel area.

must be noted that although one dlrectlon 1s lndlcated,

moments 1n the other dlrectlon may also occur.

It 1s set

However tt
slgnlflcant

Agaln thls value 1s lndependent of ICNT.

Thls 1s the value of the deslgn moment 1n the X-d'lrectlon and 1s

lndependent of bar size.

2 6
TBLE(3,ICNT) = CLD(9,STEELP(1,2) )* Bl * Bz I 0 kNm

I = 4: As for I = 3 but 1n the Y-dlrection

*

TBLE(4,ICNT) = CL0(l0,STEELP (2,2))* al2 * 82 * l0-6 kNm
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I = 5: Thls ls the value of the des'lgn axlaì load and 1s lndependent of bar

s1ze. Because the axlal load may not be the same for the Þlono-X and

llono-Y cases, 1t has been declded to set 1t to the maxlmum.

TBLE(5,ICNT) = l'lAX(CLD(2,STEELP(l'2)),CLD(2,STEtLP(2'2))) kil

I = 6: Th'ls 1s the maxlmum allowable moment 1n the X-dlrectlon and depends

on the bars present. In calculatlng thls value, the axlal load

appl'led 1s that used tn determlnlng the steel requlred.

The algorlthm used 1n thls calcu'latlon relles on the assumptlon that,

at a partlcular axlal stress vaìue, the dlstance between adJacent

steel % llnes 1s lndependent of the steel y.. The algorlthm 1s shown

1n detall at llne 588 of ARRANG 1n Append'lx 4

I = 7: Thl s 'ls the bar s'lze marker and i s set to the bar dlameter.

TBLE( 7 , ICNT) =( 8+( 4x( NTI -J+l ) ) )

whereJ = bar slze lndlcator

I = 8: This is the maxlmum allowable moment 1n the y-dlrectlon. The same

procedure as 1n I = 6 1s used.

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

2 .1 .10 Vari abl e ALP( . )

Thls 1s the value of ALPHA used when comblnlng the moments to create blaxlal

load cases. In the repìacement module 1t 1s lndependent of bar slze.
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In the CPIì0 verslon for blaxlal deslgn the moments are comblned as follows:

K
,. =[n,i* ,rr{ 211

In effect, ASl480-'1974 has adopted d =l for all cases thus:

ALP(ICNT, ICNT) - l

2.8

2.8. I Introductl on

0f the 15 subroutlnes mak'lng up the 0r1g1na'l lilodule, 5 have been retalned

elther whole or 1n part for the Repìacement I'lodule. Thls sect'lon dlscusses

what changes, 1f any, are to be made.

2.8.2 Structural Chanqes

As dlscussed prevlously a maJor structuraì change has been made to cater for

the storage'of the chart coefflclents. Brlefìy thls 1s to put CENTRY, EFLTH,

BCLASH and RTVP 1n 0VERLAY(52) and the remalnlng ones 1n 0VERLAY (54). The

prev'lous module had most of the program on OVERLAY (52) and Just the blaxlal

progranrning on OVERLAY ( 54) . Thl s netJ arrangement does not have the

conslderable dup'llcation of program that was prevlously requlred. The

SUBROUTINE CENTRY nobr contalns a PERF0RM statement to effect the Jump to the

second over ì ay .
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2.8.3 Subroutlnes Involved

The followlng subroutlnes brere retalned unaìtered:

EFLTH, BCLASH, S0RT.

The foììowlng requlred mod'lflcatlon:

CENTRY, DRIVER.

2.8.4 Subroutlne CENTRY

The f ol ì owl ng sunrnarl zes what 1s reta'lned or oml tted :

(a) AdJust the Publlc Varlable Llst to su1t.

( b) Retaln alì programmlng, 1ncìudlng 1n'ltlallsatlon of certaln

varlabìes, caì ì 1ng EFLTH and BCLASH,creatlon of the deslgn loadlng

array by the comb'lnatlon of the head and foot moment, and retrleval

of'the materlal propertles for the current llft.

(c) Add a caìl to the subroutlne RTVP to retrieve chart coefflcients.

(d) Add a PERFORH conrnand to transfer control to OVERLAY 54 "0RIVER" when

0VERLAY 52 1s comp'lete.
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2.8.5 Subroutlne DRIVER

The folìow1ng surrnarlzes what 1s retalned or omltted:

(a) AdJust the Publlc Varlable Llst to su1t.

(b) Remove the 'lnltlallsatlon of: RFCU, SFSì, SFS2, SFS3.

(c) Change the unlts to Newtons and mllllmetres

(d) Create sorted load array as before - CALL SORT.

(e) Transfer all ìoads from SLD(,) to SLDTEIIP(,) and then back to SLD(,)

1n thelr correct order (of decreaslng axlal 'load). At the same tlme

loads whlch h,ere'ìndlcated by SORT to be redundant are omltted and

NSYS 1s set to the revlsed number of loads 1n SLD(,). Note that

redundant loads have been glven an axlal load value less than 0 by

SORT. (See Sectlon 2.1 Englneerlng Loglc). Th'ìs 1s necessary

because 1n the or'Tglnaì verslon, DRIVER took the loads f rom SLD(, ) 'ln

thelr correct order and 1n1t1ated the des'lgn sequence. The actual

order of loads 1n SLD( , ) was unlmportant. In the repìacement

verslon, DRMR has no control over the order of conslderatlon hence

the loads are put 1n the'lr correct order 1n SL0(,) before the deslgn

sequence 1s called.

(f) Remove the progranrnlng whlch lncludes ìoadlngs from the column llft

above as glven 1n Sectlon 2.1. This 1s lndlcated by a test for the

status of K0LUMN.
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(g) A<ld the followlng (w1th approprlate error detectlon):

CALL

CALL

CALL

PERFORH

COLLOAt)

FINDP

ARRANG

''IIAIN-COL-DESIGNI' CROUT

2.8.6 0verìay 52 "RECTANGULAR C0LUI{N||RC 22

(a) Delete the folìor.r1ng subprogram llst:

CENTRY, DRIVER, SORT, EFLTH, ]IIONOAXIAL, AOD, KRITICALD, ARRANG,

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

(b) Add the followlng subprogram llst:

CENTRY, IFLTH, BCLASH, RTVP.

(c) Delete DRMR f rom the ENTRIES LIST.

2.8.7 Overlay 54 rrRC24"

(a) Deìete the folìowlng subprogram llst:

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

FNL.
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(b) Add the followlng subprogram ì1st:

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

(c) Delete BIAXIAL from the ENTRIES llst and lnsert DRMR lnstead.

2.9 Error l{essaqe SurmarY

2.9 ..l Introductl on

A good method for reportlng and 'locatlng errors 1s essent'lal in a ìarge

program such as the one whlch has been deveìoped for coìumn deslgn. The

orlglnal module made use of a separate array whlch surrnarlsed the errors but

for reasons explalned beìow, the repìacement module has lncluded a greater

varlety of error messages. Thls sectlon glves deta'lìs of the error messages

produced and thelr lmpìlcatlons.

2.9.2 Errors detectable by the 0rlqinal Module

The error message system of the orlglnaì module 1s based around the arrays

N0ERO for errors and NOtilRO for warnlngs. The whole system has access to

these arrays and no doubt other modules make use of them but as far as the

or'lg1na'l module 1s concerned N0ER( ) 1s on'ly used to store any f alled ìoadlngs

and NOIJRO 1s used only 1f the bar slze chosen confllcts w'lth the user glven

preferred slze.

Any errors or messages whlch are detectable and relate to the orlglna'l module

are summarl sed by the SUBROUTINT [,.IREMSG( S) occurl ng 1 n 0VERLAY 50

"HAIN_COL-DESIGN".
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In addltlon to the error and warnlng arrays, there are also two cases of a

dlrecily prlnted error message. The foìlowlng suffmarlzes the posslble

error/brarnlng messages produced by the orlglnal module subroutlnes:

Subroutl ne Error/!,larnlnq

CENTRY

DRIVER

SORT

BCLASH

l.l0N0AXIAL

ADf)

EFLTH

STCLAC

ITERATE

None

None

None

None

Set NOt'lR( ) = 3 1f user preferred slze 1s

not posslbìe

= 6 1f user Preferred slze 1s

aì lowable

Set N0ER( ) = I*100 tf the loadlng falls

(where I = ìoad'lng number).

Abort run wlth a prlnted message 1f there

'ls 1n-sufflc'lent space 1n the section for

4 bars of the mlnlmum size perm'ltted by the

des 1 gner

None

None

None

None



STARCH

ARRANG

KRIT TCALD

BIAXIAL

LAP

BIADD

75

Set NOER( ) = -200 lf there ls a fallure ln

'ìn the neutral axl s search

Abort run wlth a prlnted message 1f there 'ls

an error ln the steeì arrangement.

None

As for Ì.|ONOAXIAL except set NOER( ) =-100

1f even the smaìlest posslble slzes w1ìl

not f'lt.
Set NOER( ) = I x 100 1f loadlng fa1ìs

NOER( ) = -100 1f the bar slze falls

None

2.9.3 Errors detectabìe by the replacement module

As 1n the orlglnaì module the error system for the replacement system conslsts

of:

(a)

( b)

Arrays to store the lnformatlon for future prlntlng.

A dlrect message to the pr'lnter or user.

In the rep'lacement module (a) has been retalned to store load numbers of

falled loadlngs and (b) has been used much more extensiveìy to facilltate

qulck locatlon of errors. Falled'load'lngs are excluslvely those wh'lch requlre

a steel % greater than 8. Arrangement errors are nob, reported dlrectly and

are not assoc'lated w'lth a partlcular loadlng number. Al so the message

assoclated wlth a neutral axls search fallure 1s obvlousìy no'longer needed.
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The errors detectabìe by the varlous subroutlnes are shown as follows:

Subroutl ne Error ilessaqe

CE}¡TRY

EFLTH

BCLASH

RTVP

DRIVER

SORT

COLLOAD

F INDP

ARRANG

SORTL

REf)

CALC P

FUNCP

FUNCD

None

None

None

Invalld FCU or FY

Invalld G value

None

None

None

Set NOER( ) = I*'100 where I |s the ìoadlng

number whlch requlred the largest steel %

above .08 for each ìoadlng type.

If detatìlng should falì for any reason then

a message and a prlnt statement are sent

lndlcatlng that the column 1s too small

to sult detalllng.

Set N0t'lR( ) = 6 1f the user spec'lfted slze

has resulted 1n a solutlon.

Set NOf.lR( ) = 31f the user speclfled slze

has been reJected

None

None

None

None

None
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COI{PUTER A DED DESIGN OF CONCRETE COLUI{NS

SECTION 3 - COLUMN DESIGN I.IOOULT.
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COHPUTER A OED DESIGN OF CONCRETE COLUI{NS

SECTION 3 - COLUHN DESIGN HODULE

3.1 Introductlon

Thls Sectlon explalns 1n detalì the operatlon of a computer program module

whlch deslgns rectangular concrete coìumns accordlng to the provls'lons of

ASI 480-l 974.

The deslgn method 1s based on that adopted ln the A.R.C. Deslgn Handbook (Ref

I 5) and uses a dlgltal representatlon of the charts thereln to avold the

necesslty for ìengthy lteratlons to calculate the neutral axls depth.

A'lthough thls module 1s lntended to replace one of slmlìar functlon 1n the

GENESYS column sub-system, several of the orlglnal subroutlnes have been

retalned malnìy to facllltate lntegratlon of the replacement module. These

subroutlnes brere aìtered sllghtly to sult the new deslgn method and they are

explalned along wlth the new subroutlnes.
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3.2 The Enqlneerlno Loqlc

3.2.1 Introductl on

The anaìysls method used'ln thls rectanguìar column deslgn module 1s based on

that glven ln the A.R.C. Deslgn Handbook (Ref l5). The deslgn charts thereln

have been utlllsed by determlnlng the fallure curve equatlons as shown ln

Appendlx ì. The deta'lìed explanatlon of how the charts are used 1s shown 1n

the Progranmer's Reference Hanual (Appendlx 5) 1n the dlscusslon of the

subroutlnes whlch use them.

3.2.2 General Notes

(a) ASl480 requlres that a'lì members subJected to comblned bendlng and

compresslon shall be lnvestlgated for slenderness effects. The modu'le

therefore calculates the 1/r ratlo from the physlcal dlmenslons of

the column and uses the code equatlons to calcuìate the reductlon

factors R and Rrì¡ Note that the beam/column stlffness ratlo has been

calculated elsewhere 1n the GENESYS RC-BUILDING subsystem and 1s used

to calcuìate the effectlve length of the column as requlred.

( b) The ultlmate fallure curves shown 1n the A.R.C. Deslgn Chart C5 are

used for the analysls. The 20 charts wlth steel on two faces are used

for the monoaxlal bendlng cases and the 20 charts with steel on four

faces are used for the b1-ax'lal cases. It may be noted that these

curves already lnclude the capaclty reductlon factor /. ¿



(c) A b1-axlal case

.03P'0. Thls 1s

AS'1480 does not

el ther H' or
x

palr 1s formed,

other.
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1s formed when both of the moments exceed a value of

the CPI l0 st'lpu'latlon whlch has been adopted because

deflne when a loadlng 1s to be classed as b1axlal. If

H'.. 1s less than .03PrD then a monoaxlal ìoadlng
v

each of whlch 1s assumed to act lndependently of the

(d) For columns 1n b1axlaì bendlng, the moments about both axes are added

and the deslgn 1s based on the charts for equal steel on four faces.

(e) The moduìe makes al lowance for the requl rements of m1 nlmum

eccentrlcltles stated 1n ASl480, Ruìes 9.13.3(b) and (c). In these

rules the co'lumn 1s requl red to be deslgned f or an add'ltlonaì

eccentrlclty of 25 + .0'lD (nm) ln the dlrection of the malor axes. In

addltlon 1t 1s requlred to carry, separateìy a moment ar'lslng from

the actlon of the loadlng condltlon on a slmllar lnltlal eccentrlclty

about the mlnor ax1s. These requlrements are met durlng the creatlon

of the Honoaxlal and Blaxlal ìoad cases to be tested.

3.2.3 Column Deslqn Procedure

The deslgn sequence 1s as folìows:

(a) Retrleve the column dlmenslons, ìoadlngs and material propertles from

the RC-BUILDING lnterface.

(b) Compute the effectlve length of the column group and the l/r ratlos.



(c)

(d)

(e)

(f)
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lf requ'lred then set up the relevant lnformatlon requlred for beam

bar clashlng avoldance. See Sectlon 3.2.5.

Comblne the head and foot moments as spec'lf'led 1n Sectlon 3.2.4

depend 1 ng on coì umn s ì endernes s .

Retrleve the coefflclents for the charts whlch wlll be requlred

dependlng on the concrete strength (FCU) and the steel strength (FY).

Then form a coefflclent tabìe of three charts (l4ono-X, ltlono-Y and

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

Sort the loads 1n descendlng order of axlal load as speclfled 1n

Section 3.2.4. Thls 1s not necessary for the anaìysls but slmpì1f1es

the determinatlon of unnecessary ìoad1ngs.

(g) Create the l{onoaxlaì and Blaxlal Loadlng cases as follows:

l{ono-X - P'; H'x

l¡lono-Y - P'; H'V

Biaxlal - P'; (l{'

+P'*ECX;ILX

+P'*ECY;ILY

+ 1.1 + P' * ECXY); ILB
x v

where:

(1) ECX, ECY and ECXY are the 1n1tiaì addltlonal eccentrlcltles.

(11) The Blaxlal case ls only formed lf:



and

l,l,>0.03 * P' * Bl
v

If a Blaxlal case 1s formed then the mono-axlal cases are

not.

These ltmtts brere chosen because they appear 1n CPll0 and

are not deflned 1n ASt480.

(111) ILX, ILY and ILXY are the load numbers 1n SLD(,) from whlch

the load was derlved.

(h) From each of these loading cases dlscard those loadlngs for whlch:

(1) The requlred steel % 1s zero (see Sectlon 3.2.6) or

(1r) There 1s another load case vlth the same axlal force and a

hlgher moment.

(1) Apply the reductlon factors R and R'to the remalnlng ìoads.

82

H' )0.03 
* P' * 82

Calcuìate the steeì percentage for each of the loadlng

w1ìt satlsfy the worst loadlng condltlon 1n that group.

the loadlng number which caused the worst conditlon.

(J ) types that

Also store
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(k) For each of the bar s'l zes perml tted ( I 2, I 6, 20, 24 , 28, 32 , 36 rnm)

determl ne a steel arrangement that w1 I I satl sfy the requl red steel

percentages. Choose the one wlth the lowest relatlve cost

whlch does not vlolate spaclng requlrements. (See Programmers'

Ref erence l¡lanual Appendi x 5) .

3.2.4 Selectlon of Load Cases for deslqn

Thls has been adapted from the orlglnaì module. The load cases to be tested by

the module are determlned by the folìow1ng conslderat'lons:

(a) The number of load cases tested 1n the deslgn of the column llft
belng consldered are relevant to th'ls column and not, as previousì.y,

lncludlng those appllcabìe to the co'lumn above.

( b) The loadlng cases as presented by GENESYS conslst of a permutatlon of

posslble load cases occurrlng at the head and foot of one or more

coìumns 1n a batch.

(c) For one column a typlcal set of load cases ls made up of l8 ìoad

cases at the head comblned wlth I load cases at the foot glvlng a

total of tB x I = .l44 load cases per coìumn. Thls number 1s larger

for a group of columns havlng varlatlon of load between members.

3.2.4.1 Short Column (l/r < 20)

It 1s only for slender columns that 1t ls necessary to conslder comblnatlons

of head and foot moments actlng s'lmultaneously. Therefore the number of load

cases for short columns may be reduded.



8lt

Detal'ls of how thls 1s done may be found 1n the dlscusslon of subroutlne

CENTRY 1n the Prograrrner's Reference l'lanual (Appendlx 5).

3.2.4 .2 Lonq Col umns ( 1/r ) 2Ol

It is not posslble to effect much reductlon 1n the number of load cases to be

tested for sìender coìumns.Among the 144 load cases sent by GENESYS, some wlll

conslst of mono-x at the top comblned wlth mono-y at the foot and brere 1t

posslbìe to delete those cases (whlch some authorltles be'lleve unnecessary)

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

g.Z.S Loqlc for avoldance of Bar Clashlnq at Column/Beam Intersectlons

(from or'lg1naì modu'le)

Beams and columns may each be deslgned lndependently of each other. Column

bars w11l be detalled to pass unhlndered through lntersectlons and any

cìashlng avoldance necessary wllì be taken by the beam steel. Beam steel may

be slngle or palred and the coìumn steeì may be bundìed.

tk

If one or more of the beam outer bars falls 1n ltne w1th, or lnslde the corner

column bars then these outer bars wlll be curta'lled at the coìumn face and

spllce bars w|ìl be lnserted. Internal'beam bars wlìl pass through the spaces

between the column bars and the number of spaces that are avallable wlll

depend on the maxlmum number of lnternaì coìumn bars that can be acconmodated

w1thln the coìumn. Thls maxlmum number wlìì be calculated 1n such a bray as to

ensure that:

x The position of the corner bqrs is set by the

User - specified cover.



(a)

(b)

(c)
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The space rrBrr between the col umn bars w1'l'l not be less than the

nomlnal slze of the ìargest permltted column bar (Cru*) or the

column aggregate slze plus 5rrn 1f thls be the larger. In addltlon

the space must be 'large enough to equaì the zone slze BZru*

correspondlng to the ìargest permltted beam bar or beam bar palr- B

= l,lAX( Cmax, BZru* , ( Col Agg + 5 ) )

The space ullu between beam bars wlll not be less than the nomlnal

slze rrBErr of the ìargest permltted beam bar "BM*ur" or, 1f palred

bars are used, to the s'lze of the bar of equlvalent area to the

ìargest permltted bar palr (2xBt{*ur). In addltlon 1t w1ìl not be

less than the beam aggregate pl us Snm or the zone s1 ze CZr.*

correspondlng to the largest permltted column bar.

t{ = HAX( BE*ur, cZru*, (Beam Agg + 5))

Zone slzes BZ or CZ wlll be taken as 'l .1x Nomlnal slze for s'lngìe

bars and 2.2x Nomlnal stze for bar pa1rs. The zone slzes are then

rounded to the nearest whole number.

Equlvaìent Bar and Zone slzes for slngìe and palred bars of Nomlnal

s 1 zes Bl{ or Cl¡l are shown 1n Tabì e 3 . ì .
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rS ze

BM or CM

ze tt

Slnqle Bar Bar Pa1 r

2 xBll

I Zone or

Slnqle Bar

I .l xBti or I .I xCl'l 2 .2xBl¡l

Bar Pal r

BH or CH

12
l6
20
24
28
32
36

12
16
20
24
28
32
36

17
23
28
34
40
45
51

'13

l8
22
26
31

35
40

26
35
44
53
62
70
79

Table 3.1 Eoulvalent Bar and Zone Sizes

The method adopted to avold beam/coìumn bar clashlng 1s dlscussed in

deta'll 1n Appendlx 6.

3.2.6 t)erlvatlon of fallure curve for unrelnforced concrete

The equatlon governlng the failure curve for an unrelnforced concrete column

may be derlved as follows:

Assume a rectangular stress bìock shown 1n Flgure 3-l

0'85xPt"

^/z

D/2

c

e =D /z - x/z
P

M

D/2

Flgure 3.1 Sltuatlon at Fallure
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At equlì1br1um, P = C (Newtons) and M = C*e (Newton - m1lìlmetres)

P = C = 0.85 * F'c * b * X * ø

whlchglvesX= P

ø * 0.85 * F'. * b

also Èl = c*e = Q * 0.85 * F'c * b * x * (

Substl tutl ng for X gl ves :

tl _Í* o.B5 * F'c * b * P

q
2

ð)
2

D

z
* P

g* 0.85 * F'c * b

P*D - p2

2 * 0.85 * Ftc *

2 1.7 *,t * F'c * b

D1v'ldl ng by bD2 and substl tutl ng l,t' = |4/bDZ and P I = P/bD and aì so settl ng

I = 0.7 glves:

ll, = Pt/2 - P'2A.19 F'c 3l

33

pl.lIN 1s def lned as the value of P' bJhere the curve crosses the Þl'=0 axis and

may be f ound by settlng !l'=0 'ln equatlon 3.1-

Pl,lIN =0.595 F'c (MPa) 32

The sìope of the curve as 1t crosses the l¡l'= 0 axls 'ls also requlred for- the
analysti. Thls may be determlned by calculatlng the dlfferentlal of 3.1 at
Pt.IIN.

dH'
dP'

At Pl,lIN = 0.595 F¡c

dl{' = I - 1 = -0.5
dP, 2

1- zPl
2 1.19 F'c

These relatlons plot correctly on the charts and are therefore satlsfactory.
See Deslgn Charts on folìowlng pages.
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3.3 0roanlsatlon of the Hodule

3.3. I Introductl on

The modu'le has been organlsed to take advantage of the faclìtty offered by the

GENESYS system whlch alìows a program to be sp'ltt lnto 0VERLAYs, onìy one of

whlch resldes 1n central memory at any one t1me. The program efflciency may

be lncreased by the effectlve use of thls fac1l1ty.

The module contalns an extenslve table of coefflclent values and 1t bras

consldered expedlent to break the module lnto two 0VERLAYs. The coefflcients

and related subroutlnes lrere therefore p'laced 1n one 0VERLAY and the main

des'lgn programme 1n the other.

The oVERLAY names and numbers adopted are the same as these used 'ln the

orlglnal module and the contents of each are as follows:

OVERLAY 52 ''RC22": Routlne CENTRYI' EFLTHI' BCLASHII RTVP

OVERLAY 54 "RC24rt: Routlne DRIVER
SORT

COLLOAD
REf)
SORTL
F INDP
CALCP
FUNCP
ARRANG
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FIGUiII 3..2 Subroutine Calling Sequence of Replacement l4odule
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The baslc module organlsatlon 1s shown 1n the flow dlagram for the subroutlne

CENTRY whlch 1s the entry polnt for the module. Detal ls of CTNTRY may be

found 1n the Programmer's Reference Hanua'l 1n Append'lx 5. The subroutlne

caìì1ng sequence 1s shown 1n Flgure 3.2 and may be compared wlth that of the

orlglnaì module shown 1n Flgure 2.1. The programmlng for 0VERLAYS 52 and 54

'ls shown 1n Appendices 3 and 4.

3.3.2 Informatlon supDlled to module

The module is supplled wlth the followlng lnformatlon:

Column dlmenslons and ìengths

Propertles of beams/sìabs whlch are connected

Materlal propertles

A ìoading array contalnlng all of the load'lng comblnatlons

that can be appì1ed to the column. Each loadlng conslsts

of an axlaì load and head and foot moments if they exlst.

From thls lnformation the modu'le determlnes the cheapest steel arrangement (if
any exlst) capabìe of wlthstanding the worst ìoad'lng comblnatlon.

3.3.3 Publlc Varlable System

For a detalled expìanatlon of the PUBLIC VARIABLE SYSTEI.I and the functlon of

each variabìe, see Sectlon 2.
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3.3.4 Slqn Conventlons

Y

fX Face Bars

Y Face Bars

B2
^

B1

Fiqure 3.3 Slqn Conventlons

3.4 Subroutlnes Involved

3.4.1 Introductlon

As stated 1n sectlon 3.3.'1, the nel, module conslsts of l3 subroutlnes spllt

lnto 2 groups. Thls sectlon explalns the functlon of each subroutlne. A more

detai led explanatlon may be found 1n the Prograrmerrs Reference ilanuaì ,

Appendlx 5.

ft
Y

v
M

oo oo
o
o
o
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3.4.2 Subroutlne CENTRY

This routlne 1s the entry and exlt polnt for the deslgn of rectanguìar

columns. It controls the des'lgn sequence by caìì1ng the varlous utlllty
subroutlnes 1n thelr correct order and contalns the PUBLIC varlables requlred

to link wlth the other subroutlnes 1n the maln program. The flow chart for

thls subroutlne is shown 1n Appendlx 5, Sectlon 2.4.

3.4.3 Subroutlne EFLTH

The effective ìength of the column group 1s calculated for both axes. The

flow chart 1s shown 1n Appendlx 5, Sectlon 2.5.

3.4.4 Subroutine BCLASH

Thls routlne establlshes the permltted number of bars 1n each

column 1f beam bar cìashlng 1s to be avolded. The flow chart

Appendix 5, Sectlon 2.6.

face of the

ls shown 1n

3.4.5 Subroutlne RTVP

Thls routlne sets the value of the coefflclents to be used to represent the

charts. The flou chart 1s shown 1n Appendlx 5, Sectlon 2.7.

3.4.6 Subrouttne DRIVER

Thls 1s the maln drlvlng routlne contro'lì1ng the deslgn sequence. It ls

entered 1n'ltlalIy from CENTRY and, when comp'lete, 1t lnltlates the detalìlng

routlne lf requested. The flow chait 1s shown 1n Appendlx 5, Sectlon 2.8.
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3.4.7 Subroutlne S0RT

Thls routlne has two functlons. The flrst 1s to el'lmlnate the unnecessary

load cases and the second 1s to sort the ìoadings 1n descendlng order of the

applled axlaì'load. The flow chart 1s shown 1n Appendix 5, Sectlon 2.9.

3.4.8 Subroutlne COLL0AD

Thls routlne ls used to complle the flnal ìoadlng set subJect to:

(a) Inltlal eccentrlcltles

(b) Reductlon factors

(c) Removal 1f requlred steel % = 0

(d) Removal 1f same axlal load but smaller moment

(d) Creatlon of blaxial loading cases

The flow chart 1s shown ln Appendlx 5, Sectlon 2.10

3.4.9 Subroutine SORTL

Thls routlne 1s calìed from C0LL0A0 to perform the functlons (c)

detalìed 1n sectlon 3.4.8. The flow chart 1s shown 1n Appendlx

2.t1.

and (d) as

5, Sectlon

3.4.10 Subroutlne RED

Thls routlne 1s called from C0LL0AD to apply the reductlon factors. The flow

chart ls shown ln Appendlx 5, Sectlon 2.12.
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3.4 .1 1 Subroutl ne F INDP

Thls routlne searches through the loadlng cases for the maxlmum steel %

requlred. The flow chart 1s shown 1n Appendlx 5, Section 2.13.

3.4 .12 Subroutlne CALCP

Thls routlne 1s called from FINDP to establlsh the required steel % for a

given axlal force,/moment comblnatlon. The flow chart 1s shown 1n Appendlx 5,

Sectlon 2.14.

3.4.13 Functlon FUNCP

Thls functlon uses the chart equatlons to determlne the fallure moment glven

the axlal force and the steel %. The flow chart 1s shown 1n Appendlx 5,

Secti on 2. I 5.

3.4.14 Subroutine ARRANG

Thls routlne determlnes the most economlcal h,ay of ensurlng that the requlred

steel % 1s supplled. The flow chart has been broken lnto 4 segments as shown

in Appendlx 5, Sectlon 2.16.
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COI,IPUTER AIDED DESIGN OF CONCRETE COLUHNS

SECTION 4 - ITIPLEMENTATION AND TESTING 0F THE NEtil HODULE

4.1 Introductlon

The lmpìementatlon and testlng of the new module for rectanguìar column design

requlred slx dlstinct stages:

(a)

( b)

(c)

(d)

(e)

(f)

The imp'lementatlon

The lmpìementatlon

The lmpìementatlon

The lmplementatlon

Testlng

Comparlson between

of the GENESYS system ltself

of the RC-STRUCTURE subsystem

of the RC-COLUMN subsystem

of the AS-C0LUMN subsystem

the results of AS-COLUMN and RC-COLUi|N

All 1mpìementatlon,testlng and debugglng hras done uslng a CDC CYBER 110/120

model computer runnlng the NOS/BE operating system.

4.2 Implementatlon of the GENSYS System

Inltiaììy the Cf)C CYBTR verslon of GENESYS runnlng under the NOS operatlng

system lras lmpìemented. The dlfferent operatlng system ln use (NOS/BE)

requlred some changes but eventually a verslon exlsted whlch could complle and

ìoad GENTRAN overìays. However, errors occurred durlng the executlon of the

subsystem RC-STRUCTURE whlch h,ere traced to the lnabl I 1ty of GENESYS to

re-load an overlay properly.
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The CYBER vers'lon of GENESYS control s the overìay executlon by readlng the

requl red overlay lnto BLANK C0MM0N and then continulng executlon from a

speclfled address wlthln the BLANK C0Ht'l0N area. Th'ls address 1s flxed wlthln

the C0FIPASS code effectlng the overìay ìoadlng and there 1s no aìlowance made

for the dlfferences 1n operat'lng systems and compl ler software that ex1 st

between any two computer lnstallatlons. Thus there 1s no guarantee that a

verslon worklng at one computer site wlll work at another wlthout maJor

modlflcation. Thls 1s especially so 1f there are maJor operat'lng system

differences (NOS vs NOS/BE) because the assumptlons made about the posltlon

wlthln memory of certaln control lnformatlon wlll not be correct. It was then

declded to try to impìement the Perkln-Elmer verslon of GENESYS on the CYBER.

Thls declslon was made because, un'l1ke the CYBTR verslon, the P.E. verslon 1s

wrltten entlreìy in F0RTRAN and therefore easler to debug. Note that a N0S/BE

version of GENESYS bras not avallable at the tlme thls work hras belng

undertaken.

From the user's point of v1ehl, the maJor change caused by using the P.E.

verslon 1s that overìay ìoadlng and unìoadlng 1s no longer performed by

GENESYS 'l tsel f but by SEGLOAOER, the COC product for hand I 1 ng segmented

programs. A number of other m'lnor changes hrere requlred whlch were caused by

the dlfference 1n computer word slze (60 blts on the CYBER and 32 bits on the

P.E.) and also by d'lfferences ln ftle handllng procedures. Once these

dlfferences had been resoìved, a worklng vers'lon of GENESYS hras aval lable

whlch could complìe, load and execute any subsystem.
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The advantages of the new GENESYS verslon are:

f1'le space durlng program development 1s reduced

Each subsystem 1s a program ln lts own rlght

Changes may be made to GENESYS 1 tse'l f w1 thout the necess 1 ty to

recompl le the over'laYs.

(a)

(b)

(c)

The followlng dlsadvantages exlst, but they are operatlng system dependent and

would vary 1n slgnlflcance dependlng on the machlne belng used.

(a) Executlon tlme 1s sìlghtly longer because of the overhead assoclated

wlth SEGL0ADER

(b) It 1s necessary to reìoad the ent'lre subsystem 1f a change 1s made to

an overlay

(c) The SEGL0ADER dlrectlves must be tallored to ensure efflclent use of

computer memory

(d) Automatlc ATTACHIng and CATALOGIng of FATHTR and SON flles 1s not

posslbìe

4.3 Imol ementat lon of the RC-STRUCTURE SubsYstem

Implementatlon of the RC-STRUCTURE subsystem bras requlred so that a valld

lnput lnterface could be created for subsequent testlng of the column deslgn

subsystems. Thls lnterface contalns lnformatlon requlred to deflne the column

propertles and applled loadlngs.



10'1

The 1mp'lementatl on of RC-STRUCTURE 'lnvol ved the compl l l ng of 1ts component

overìays and the speclflcatlon of a sultable set of SEGL0ADER dlrectlves. The

onìy changes made to the subsystem b/ere 1n the LII'lIT statements 1n over'lay

10. These changes h,ere necessary to account for the partlcuìar dynamlc memory

parameters adopted durlng the lmplementatlon of GENESYS.

4.4 a 1on of the RC-C0LUMN Subs

Impìementatlon of the RC-COLUi|N subsystem bJas undertaken so that a base for

comparlng the performance of the neh, modules could be establlshed. The

1mp'lementatlon lnvoìved the same steps as for RC-STRUCTURE and requ'l red

slmllar changes to the LIiIIT statements 1n overlay .l0.

4.5 Implementation of the AS-C0LUl,lN Subsystem

The AS-C0LUI{N subsystem hras generated by repìacing the rectanguìar column

design moduìes 1n RC-C0LUi{N wlth those moduìes descrlbed 1n Sectlon 3 of thls

thesl s. Several m'lnor changes have been made to RC-COLUI{N slnce the neb,

modules bJere origlnally deslgned. Thls has meant that slmllar m'lnor changes

have had to be made to the neh, modules although the basic phllosophy has

remalned the same. These changes may be surrnarlsed as follows:

(a) 0verlay "RC22" has been broken lnto 5 separate overìays, one for each

chart group.

( b) The temporary chart coefflcients are nobJ der'lved us'lng FUNCTION calls

and are not stored 1n dynamic memory.
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There are nobr 6 overìays for rectangular column deslgn 1n AS-C0LUHN. They

take the same overlay numbers as the 6 whlch they rep'lace 1n RC-C0LUHN but

only 2 are ever used 1n a part'lcular Job and each is never used more than once

per Job. Thls partìy explalns the performance lmprovement detalled in

Sectlon 4.5.

4.6 Testlnq of AS COLUMN

Testlng and evaluatlng the capabllltles of AS-C0LUi¡IN requlred conslderatlon of

(a) the ab1ì1ty of the deslgn algorlthms to falthfully reproduce the values

der'lved from the charts and (b) the ablllty of the arrangement aìgorlthm to

produce an acceptable steel arrangement whlch could be used 1n the detalì1ng

modules of the subsystem.

The equations represent'lng the charts brere tested for each I MPa lncrement

along the ilu/bD2 axls and for each 5 l{Pa lncrement aìong the PulbD axis. A

total of 3534 Moment/Ax1al Load comb'lnatlons hrere tested (an average of BB

comblnatlons per chart) to ensure that the entl re range of each chart hras

covered.

In all cases the derlved steel percentage 1s a better value than could be

lnterpoìated from the llnes on the charts. The equatlons hrere origlnaììy

chosen on the basis of glvlng a maxlmum of 3% dlfference from the charts and

1t 1s consldered that the derlved equatlons used ln the Subsystem produce a

more rellable and repeatabìe resuìt than posslbìe by vlsua'lìy scannlng the

charts.
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The next phase was to test the effect of lnterpoìat1ng between the charts

1.e. uslng non-standard g values. Thls bras done through the lnterface to

RC-STRUCTURE and lnvolved the runnlng of Benchmark Test l. The ìoadlngs

app'lled to the column comprlsed the loads passed from RC-STRUCTURE together

wlth loads passed through the 'XTRAL' table 1n the Job stream. These extra

loads h,ere necessary because al I ìoadlngs passed from RC-STRUCTURT requ'l red

less than l% steel.

Table 4.1 shows the results of computations made with a d/0 value of 0.77 and

lnterpoìat1ng between charts C5.1.ì0 and C5.l.ll. The results demonstrate the

correctness of the lnterpolatlng algorlthm.

The last phase of testlng lnvolved evaluation of

aìgor1thm. Thls bras achleved by runnlng Benchmark

1ìlustrated 1n Tabìes 4.2 to 4.7. They show that:

(a)

( b)

(c)

2to
a r rangement

7 which are

The aìgorlthm 1s able to generate an acceptabìe solutlon. In all

cases the der'lved steel percent 1s wlthln + 5% of the target.

The costing aìgorlthm 1 s efflclent in determ'ln1ng the cheapest

sol ut1 on .

The algorlthm 1s able to reJect solutlons whlch do not meet spaclng

and bar cìashlng requlrements. In the exampìes glven, solutlons are

reJected as vlolatlng bar clashlng requl rements 1f there are more

than 5 X-Face bars or more than 2 Y-Face bars.

the

Tests

steel



10/,

Load PulbD l{u/bD2 cs.r.r0
Values

c5.l .l l
Val ues

SUH
*

AS-COLUI,IN
Val ues

l
2

3

4
5

6
7

I
9

l0
1l
12
l3
t4
t5
t6
t7
t8
t9
20
21

22
23
24

25
25
25
25
25
25
l0
10
ì0
l0
l0
r0
10

0
0
0
0
0
0
0
0
0
0
0

ll
r0
9
I
7

6
5

4
3
2

I

3.9
4.7
5.6
6.6
7.6
8.5
1.3
2.4
3.4
4.3
5.3
6.2
7.2
7.3
6.7
6.0
5.2
4.6
4.0
3.2
2.6
1.9
1.2
0.7

3.9
4.9
5.9
7.0
8.1
9

1.7
2.9
4.0
5.1
6.2
1.2
8.2
8.4
7.6
6.8
6.0
5.2
4.3
3.7
2.9
2.1
1.3
0.6

1.3
2.3
3.3
4.3
5.3
6.3
3.5
4.5
5.5
6.5
7.5
8.5
9.1

.90

.76

.69

.72
-75

3
4

5

6
7

9
l
2
3
4
5

6
7

1

6
6
5

4
4
3
2
I
ì

.42

.55

.58

.54

.57

.50

.s0

.63

.97

.24

.44

.78

.09

.35

.69

.96

.23
0 .67

3 .87
4.77
5.72
6.12
7.74
9
I .48
2.51
3. 5r
4 .53
5.53
6.52
7.50
7 .70
7 .00
6.27
5.54
4.8't
4.1 3
3.39
2.61
2 .00

0
I .28

62

* SUH =.3 x Chart CS.l.l0 +.7 x Chart C5.1.11

See Oes1gn Charts ln Ref 15, Chart 5.1.10 for g = 0.7
5.1.ìl for g = 0.8

TABLE 4.I Tpst 'l nc Inter nolatlon between charts
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TABLE /,,.2 - Benchmark Test 2
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ÄS-C ll.rrtrxl BEilr'HFÂÞ( TFsl 3 15u0 QIIÛZtA) pAGECOI5

* tr t** + *'t+* ++ ++ **
DESIGN SOL UTIONS
+r++r*t*++)i++***

*T TARGET STETL PERCENTAGES

HNN N- Y e 1-fì6 DFRTVËD FRNM I NÂDTN G NN 1

Hnil0-Y Lì.00 DERIVED Ipnil
reflLl

LnÀnINc NO.
l.l fì .

o
0AL t DERIV t) NÂNING

SOLN BAR Nh. NF STEFL PT.RCENTÂGE COST

XY X Y TOTÁI-

.sl 1.34 2 0 5 ,?7
2
1

28
,4
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2.05
l.BB

1. 03
0. 75

2,05
1. B8

5. 58
5 .40

t+

5
20
:!.ó

7
11

2
2

1.e3,
l. 84

0. 12
\1.34

1.83
1. B4

p

P

ô!-2 le2 1.79 0.19 1.79 R

+* RFJICTED S0LUTI0NS_ ARE ilÂRKED -p- IN lHE C05T C0LUtlN

çntttlInNs' ÀeF RF.tFclFn 1F Tr{ F Y vfnt A TF S PACTNG
OR TI,'IR CLASHING RTOI,,lREI,IFNTS

i SNLUT ION NUHB E R HAS IIFEN CHOSEN FOR NETÁILII'IG

TABT,E 4.3 - Benchmark Test 3
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TABLE Benchmark

ì,
t.
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p
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2
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?
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TABLE /n.5 - Benchmark Test 5
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TABLE ¿.6 Benchmark Test 6
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4.1 Comoarl son between the resul ts of AS-C0LUMN and RC-C0LUl,lN

Benchmark Test number two bras run using both AS-C0LUMN (Tabì e 4.2) and

RC-COLUMN (Table 4.8). The results b/ere used to compare both the output and

relatlve performance of the two subsystems under ldentlcal deslgn condltlons.

4.7. I Output

The output for both Subsystems 1s ldentlcal ( see Appendlx 7) wlth the

exceptl on of the page concerned w1 th the Des I gn Sol ut1 ons . Dl fferences on

thls page may be summarlsed as follows:

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

( b) Although the cost aìgorlthm was altered to suit Australlan condltlons

1t stllì chose solutlon 2 as the best.

(c) AS-C0LUMN chose a mlnlmum steel percent of .l.0 whereas RC-C0LUHN

chose a mlnlmum steel percent of 0.8.

(d) Both subsystems chose an arrangement of 4 bars wlth a dlameter of

el ther 25rrn or 28nrn.

The maJor dlfference between the arrangement aìgorlthms of both subsystems 1s

that RC-C0LUtlN allows mlxed bar slzes whereas AS-C0LUMN allows only a slngle

bar slze per solutlon. However, the results 'lndlcate that both produce

slmllar solutlons.
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4.7 .2 Perf ormance

The performance of both subsystems 1s summarlsed 1n Table 4.9. The lnterface

tlme 1s the tlme taken 1f no deslgn work 1s done. The results are for

Benchmark Test 2 where I column ls subJected to 17 ìoadlng comblnatlons.

SUBSYSTE].I TOTAL TIHE FIELD LENGTH [)ESIGN TIME

RC-C0LU].lN

AS-C0LUr{N

23.028 Sec

2l .'ì0'r

I 23600 Octal

I 23500 0ctaì

3. 659

1 .132

Tabìe 4.9 - Rel atlve Performance of AS-C0LUl,lN and RC-COLUi|N

These resuìts lndlcate that the neh, module 1s 50% faster and uses

less memory. Thls dlfference wouìd be slgn'lflcant 1n large Jobs.

sllghtìy
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COMPUTER AIDED t)ESIGN OF CONCRETE COLU}'INS

SECTION 5 - CONCLUSIONS

Thls proJect had the followlng prlmary obJectlves:

To examlne and compare the slenderness provlsions of var'lous Codes of

Practl ce,

( b) To develop a computer program for the deslgn of Concrete Coìumns

accordlng to ASl480-1974,

(c)

(a)

To mod'lf y the rectangular col umn

RC-BUILDINc sulte so that 1t would

ASt480-1974, and

deslgn module 1n the GENESYS

conform wtth the provlslons of

(d) To lmprove the efflclency of the GENESYS RC-C0LUtilN subsystem
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5.,| Comparlson of Slenderness Provlslons

A comparl son between the s I endernes s provl s 1 ons of a number of Codes of

Practlce has been presented 1n Sectlon L The results of th'ls comparlson may

be sunrnarl sed as f o'l I ows :

(a) The advantages of the ASì480 method are flrstìy that 1t 1s slmpìe to

apply and secondìy that the concept of addltlonal eccentrlclty 1 s

more ratlonal than the alternatlve concept of mlnlmum eccentrlclty.

The dlsadvantages of the ASl480 method are:

(1) i t I s more conservatl ve than other Codes for al I val ues of

slenderness Ratlo >20

(1r) 1t 1s less ratlonal than elther the addltlonal moment, or moment

magnlfler method,

(r11) 1t glves unreallstic resuìts at the llmlts of the stated range of 1ts

appllcatlon, and

( 1v) 1t has a number of mlnor shortcomlngs whlch have been ltemlsed 1n

Sectlon 1.9.

It was therefore proposed that 1n future revlslons of ASl480, conslderatlon be

g'lven to the followlng:

( I ) Reduclng the ìoad factors,
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(11) Adoptlng the additlonal moment method as used 1n CP and DIN, or the

ACI moment magnlfler method, and

(111) Addresslng the shortcomlngs llsted 1n Sectlon l -9-

5.2 Column Des'lqn Proqram

Aìgorlthms for the Computer Alded Deslgn of R.C. Columns have been presented

ln Sectlon 3. These a'lgorlthms follow the steps glven 1n the A.R.C. Deslgn

Handbook ( Ref. I 5) and w1 I I produce the steel percentage requl red for each

loadlng case. A steeì arrangement aìgorlthm 1s also presented whlch produces

a number of alternatlve bar arrangements whlch wlll satlsfy the worst loadlng

comblnatlons. Thls arrangement aìgorithm wil'l select the cheapest solutlon

after hav|ng reJected those bar arrangements whlch vlolate spacing or beam bar

clashlng requi rements.

As a result of thls approach,the program has the followlng attrlbutes:

(a)

(b)

(c)

It executes very qulckìy,

The amount of codlng 1s mlnlmal and well structured, and

The deslgner 1s able to follow through each step of the deslgn

process and be satlsfled that the resuìts are correct-

The program has been thorough'ly tested over a wlde range of lnput condltlons

and 1s currently avallable to any of the S.A. Government Departments whlch

have access to the facllltles at the Government Computlng Centre. I have

personally used the program 1n a real deslgn envlronment and am satlsfled that

1t produces reì1able results.
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5.3 Hodl f1 catl ons to RC-BUILDING

The RC-C0LUMN subsystem of the GENESYS RC-BUILDING sulte was modlfled so that

1t conformed wlth the prov'lsions of ASl480-1974. These modlflcatlons lnvolved

convertlng the program descrlbed 1n 5.2 lnto the ìanguage GENTRAN and ensurlng

that the correct informatlon was passed lnto and out of the module. The onìy

maJor change requl red to the orlglnaì program was to lmplement the vi rtual

array processlng technlque avallable through GENTRAN to maxlmlse program

efflclency.

The operatlon of the neÌr, subsystem 1 s demonstrated 1 n the Benchmark tests

descrlbed 1n Sectlon 4. These show that the program operates successfulìy

over a range of lnput values and, not unexpectedìy, gives results whlch are

slmllar to those of the orlg'lnal module.

5.4 Improvinq Subsvstem Efflclency

Durlng lnltlal evaluat'lon, the RC-C0LUl,lN subsystem appeared to be uslng an

unusuaì ìy 'large amount of computlng t'lme. An examlnatlon of the program code

traced the cause to a ìarge number of lteratlve-type calculatlons 1n the

des'lgn phase. For each'loadlng case the column steel bJas'lncremented untll

the capaclty exceeded the loadlng. However each steel augmentatlon required

the recalcu'ìat1on of both the Neutral Axls depth and a new steel arrangement.

The baslc problem bras that the module could not dlscern the crltlcal ìoadlng

and therefore had to test them alì.



The new module has

able to produce a

crltlcal load.
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been des'lgned to avold such lteratlve

smalì range of steel solutlons whlch

calculatlons and 1s

wl I I cater for the

In quantiflable terms thls has led to an

of 50% and to a reductlon 1n the number

I 200.

'lncrease 1n deslgn speed of the order

of actlve llnes of code from 4700 to
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A ].] INTRODUCTION

Inspectlon of the varlous column design procedures avallable reveals that 1n

al I cases the deslgn procedes 1 n an 1 teratl ve manner - the steel requl red

depends on the neutral axis posltlon whlch depends on the steel present

etc... It was thought that Deslgn charts usuaììy provlde an effective !,ray

around thls problem and so a method was sought whereby a set of Deslgn charts

could be 'lncorporated lnto a computer program. The set of charts chosen

appears'ln the Australlan Retnforced Concrete Deslgn Handbook (Ref. l5).

The most convenlent way to use these charts 1s to flnd an equat'lon reìatlng

all of the polnts on the chart. It was hoped that a generaì equatton couìd be

found for each chart but, as w1'll be shown later, thls blas not practlcal. The

method adopted h,as to find the equation of each llne of each chart and store

tt for use by the column deslgn program whlch wouìd declde wh'lch equatlon to

use.

A ].2 CHOICE OF EQUATION

t'lh1le belng baslcally slmllar there 1s a wlde varlatlon wlthln and between the

charts. An equatlon was therefore sought whlch would contaln sufflclent

degrees of freedom to cater for thls varlatlon yet be reasonabìy slmple to

use. It bras also requlred that the 'same equatlon be used for all of the

charts so that the coìumn deslgn program would be stralght forward. Glven

these constra'ìnts lt was declded to use an (n-'l) order poìynomlal of the form:

+ C P + c P2 + c P3 + ... + C
I

I ¿
ll=C

1 n
Pn-
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bJhere n brould be determlned conslderlng the accuracy requl red and the degree

of varlatlon between the charts. Thus each llne on each chart'ìs represented

by the same poìynomla'l but wlth d'lf f erent coef f 1c1ents.

It was suspected that an exact equatlon could not be found for each curve and

that some sort of curve fl tt1 ng procedure would be needed. Th1 s bJas not

expected to be slgnlflcant because the charts cannot be read to an accuracy

greater than .lMPa. In thls respect the curve flttlng program may be

consldered superlor to a human user because 1t "smoothes out" lrreguìaritles

caused by mlsreadlng and 1n many cases when comparlng the resubstltuted values

produced by the equatl ons , they are c I oser to the curve than the pol nts

orlglnaìly read 1n. Glven that no exact equatlon exlsts, the procedure 1s

then to convert the curves to a serles of coordinate pa1 rs and find the

equation whlch produces the best flt.

A I.3 PROGRAII FITCURV

Thls program 1s baslcalìy a regresslon ana'lys1s us'lng the method of least

squares. Its purpose 'ls to accept a serles of coordlnate pa1rs, perform a

regresslon anaìysls and produce the group of equatlons of order 2 to l0 whlch

glves the best approxlmatlon. The coefflclents 1n the output are glven to ì4

declmal places because 1n the hlgher orders the X terms become very ìarge.

In addltlon the program also produces tables showlng the foììowlng:

(a) The y vaì ues when x 1 s resubstl tuted , thus 'l nd1 catl ng what the

equatlons w1ìl produce.

The percentage error between the lnput and the produced value.

The dlfference between the lnput and the produced value.

(b)

(c)
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These tables brere used 1n1t1ally to test the vaì1d'ìty of the program (see

Appendlx 2-B) and later to detect errors 1n the lnput data and to resolve

whlch order equatlon to adopt for the'column deslgn programs. However when

conslderlng these tables, 1t must be remembered that the accuracy of the lnput

data 1s to the nearest .ìl{Pa. The computer works to much greater preclslon

than thls, smoothlng out the data. Thus the derlved equatlons may be a better

approxlmatlon to the curves than inferred by the tables.

The program llstlng for FITCURV ls shown in Appendlx 2-4.

A ].4 APPLICATION OF FITCURV TO DESIGN CHARTS

Havlng determ'lned that FITCURV glves rellable results, each

converted to a set of coordlnates and processed through the

output for chart C5.l.l p=.01 1s shown 'ln Appendlx 2-8.

chart 'l1ne was

program. The

At thts stage the outputs hJere examlned to determlne the correctness of the

lnput data. Any typlng/readlng error would be corrected and the data

re-processed before acceptlng the output.

Unusual results could also occur whlch were not caused by lnput errors. They

were found to be caused by readlng the lnput values to.lMPa and brere

prevalent when deallng wlth small P'lbD values - whlch 1s to be expected when

f or P'lbD = ì l{Pa, the percentage error I s 1 0f . Errors such as these hJere

dlscounted 1f the resubstltuted value was close to the chart vaìue. In alì

cases where thls was not so the reason h,as found to be an lnput error.



Once every chart had

wh'lch order equatlon

used to do thl s bJere:

1aÉ.

been processed, the outputs brere examlned

to adopt for the column deslgn program.

to determl ne

The crlter'la

(a) Llmtt the percentage error to a maxlmum of + 3% (or + 5% 1n cases

where the error bras due to readlng to.l l{Pa and the resubstltuted

value h,as a better approxlmatlon than the lnput vaìue). Also high

values caused by the smallness of Y were lgnored.

(b) Llmlt the wavlness of the output curve

expected to be more bravy between points.

the hlgher orders may be

(c) Ensure the repeatabl'l1ty of the resubstltuted value uslng a

calculator. Thls was especlally lmportant 1n the hlgher orders where

the accuracy and the number of slgnlflcant flgures of the coefflclent

hrere expected to become more lmportant.

The generaì concluslons from thls examlnatlon are:

(a) The 6th order 1s Just as good as the 1Oth 1n reproduclng the lnput

data, but 1s slgnlflcantly better than the Sth and lower orders.

(b) The 6th order equatlon 1s generaììy'less wavy than the higher orders.

(c) The ìOth order equatlon as prlnted 1n the output does not glve the

correct values when checked uslng a caìculator.
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because l4 d'lg1t accuracy 1s requl red f or the IOth

but most hand-held calculators provlde, at most,12

order

dls1t

(d) The percentage error for the 6th order equatlon bJas never more than

3%.

For these reasons 1t was declded that the 6th order equatlon would be adopted

for the column deslgn programs. The mean of all of the 6th order dlfference

values for all of the charts hras calculated to be = .03 t¡lPa whlch'lndlcates

that read'lng to the nearest.l l,lPa 1s Justlfled.

A I.5 SINGLE EQUATION FOR EACH CHART

Inltlaììy 1t was hoped that a slngìe equat'lon for each chaiT

generated by ftndlng a relatlonshlp between the coefflclents and

percentage. Thls ldea was abandoned for the folìow1ng reasons:

(a)

(b)

could be

the steel

The 6th order coefflc'lents hrere plotted as a functlon of p for chart

C5.1.ì. Thls ts shown on Graph Aì.ì and although there appears to be

a generaì trend, 1t 1s not speclflc enough to allow accurate curve

fttt'tng.

If 1t'ls assumed that a lOth order equatlon would be requlred to

reproduce accurately the coefflclents, then more coefflclents would

need to be stored than for the I equatlons separately.
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A I.6 CONCLUSIONS

The program FITCURV 1s a rellable program wlth general app'llcatlon a'ìthough

the l0th order equatlon produced may be unrepeatable. The slngìe factor whlch

determlnes the unrepeatablì1ty 1s the accuracy of the computlng mach'lne. For

examp'le, 1f the coefflclent CIO brere found to be.00000000000135 then unless

the computer/calculator cou'ld accept l4 slgniflcant dlglts, the equation would

become lnaccurate when the term Cl0 * X l0 became slgnlflcant. If the

tolerance Lras speclfled to be .01, then the equatlon would become lnaccurate

when:

l0.00000000000135 * x = 0.01

Ol X = 9.7

Thus when X exceeds 9.7, a handheld calculator would not glve the same resuìts

as the program lndlcates. Thls could be overcome uslng an E-formatted output+

for the coefflclents but thls was not consldered necessary when, for the

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

The coeff'lclents adopted are shown 1n Appendlx 3 "OVERLAY 52rr tn subroutlne

RTVP.

X F - Formot is eqsier to check
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COI,IPUTER A DED DESIGN OF CONCRETE COLU}INS

APPENOIX 2 - A

PROGRAM LISTING FOR FITCURV
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prrM FITCuRV (TAoFpr TNlpt.tI=10 L4/8l)r0tjTPUT=t0IB/I36¡TAPF" I )

IHIS p;.¡1¡çrìA14 ACCF:PTS A SFKIFS (IF. COORI)INATI.-S AI.ID .¡{ILL
p ìoG

c
c

t'
I

7
r_'

FIT 9 CIJR\/ES OF OPDFE ? - 16

D I ¡¡ r Ì tq I 0 r.t x I ( I 1 . I 0 0 ) . ( 2 ( I I r I 0 0 ) r A ( 2 I ) . rl ( I I ¡ L ? I ç Ë ( I 2 )

l l\lPl lT T I TLE
c)PTN,TlrrrrTIïLFrl
REar)2r ITITLI
FORÈ¡AT(A8)
Jl.lPl,T lriL,Mqt:R OF P0INTS
PfìIl.lTnrrrr'Jl.lMBER 0F p0I\lTSrr
REÂt)+ç N

JNl]IIT COORDII\JATES
D0 l0 I=1.rN
READ(Rr#) xl ( I rI) rXl (2r I)
X2(lr1¡=Xl(lrI)
\(,?(?.T)=X1(2rl)
C0tlT I ¡lU F
IF(Xl ( lo I) .EQ.0. ) Xl ( l' I )=0'000001
wRITF(lr5)ITTTLI
FOer4^T ( I Þl I t / / / lxr. / / /201ç A?0 ç / / / I

I FIRR= 0
nO 170 i4=2r10
Ml =/*r't+ |r)0 l5 [=2rMI
A(I)=0.
c0NT I \tuE
t'\l='tl + 7

D0 t6 I=lrM2
E ( I ) =0.
c0\tT T \rtJE

011¡=\l
M3=¡i + I
n0 40 I=lrN
D0 ?0 J=2rMl
A (,J) =Â (J ) +XI ( t r I ) ¡t+ (.1-1 )

CONÍ T NUE
D0 :10 J;.lrM3
E (J) =E (J) +Xl (2rI )tlxl ( I r I ) +* ('J-l)
rl(,Jrr,t+2)=E(J)
CO\IT T NUF_

E (q+?l =E (M+2 ) +Xl (2 | T ) rt{t?

CONT I NUE

f)O h0 l=1.M3
I)0 5n J=lrM3
rl(IrJ)=A(I+.1-I)
CONIT T I'IUF

C0NT INrt,E
l)O 135 .K=l rM3
r'rQ 70 L=Krll3
IF (rl (LrK ) .NFl. 0. ) G0Tnotf
CONT T NT'E
WRITF(lrB{))M
FORMAT (lxc/28HN1 UNI0llE s()Lt.lTT0N FOR c)enER)l?./l
IERR=IFRR+l
G0 Tn 170
D() 100 Jl=lrt¡2
B=Q(K.Jl)

rCOh FF (q r I

c

5

l0

t5

l6

"0

30

40

50
á0

7()

p0

q()



100

't I0

120
t 30
t 35

l4(J

150
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Q(K..11)=Q(t-r.ll)
0(L.,,ll)=rì
CONT T NUF
¡=l/Q(K.K)
D0 tl0 J1=1rt42
Q(K..ll ) =C+Q (Kr.,I )

CONT TN[JF
rl0 ì30 L=lrV3
TF(l_.F0.K)G0 T0 130
C=-Q(LrK)
ll0 t20 Jl=lrV2
(l (t-r..Jl ) =0 (LrJl ) +CaQ (Kr,Jl )

COI¡T I \IIJE

c0NT I r'ttrE
cohlT T \ttrF
DO 140 I=lr|43
COFFF (V-l r I ) =1 ( f eM+2¡
c0\tT I \tjF
D0 160 I=1rN
S=o(1rM+f)
D0 150 J=lrr'1
S=S+1(J+ l rM+2) n(l ( I I I ) +rllj
cr)NT T \tlrE
xl (\,t+|rl)=s
CI]NT TNIIF
C(l llT I ^Jt-¡5
Itr ( IFRR.FQ.5) GO T0 ?70
IF ( Xl ( I r I ) .EQ.0.000001) Xl (I ç I ) =0.
'¡IRITF(lalÂ0)
FOIìVÂT (IXI49t']EQIIATIlNS GTVINJG CLNSTqT APPROXT¡¡ATION EIY MÊ.THOI]

c lTrt oF LEAST SarJ bR13/ /l
\¡'RITF ( I . Iq0) (COEFF (l . 1 ) e J-l r3)
F0Rr,tÂT ( t x c 9H?¡JD 0RnFP r 2X . 2HY= ç F IF. 14 r3H + rF I8. I 4 ç ?.HttX r 3H +

C FlB.l4r5Ht'\,(?l/l
r{RITE (l .200) (C0EFF (7tI ) I I=I r¿+)
FORMôT(tXr9H3RD 0Rl)FR.?x )?llY=.FlR.l4r,ìH + rFlR.l4r?HnX.3H +

C Ft8.ì4rç.H#X(2) r3F +. .Elq.l4.5H+x(3\ /l
WPIIF ( I r2'l 0) (COEFF (3¡ I ) r I=I ç51
FOR'.'l^l ( I X. 9H4IH ORD{iì. 2X i2HY-.FIB. l4r3t-{ + rF18. I4. 2Hl}X r3H +

c FIR.l4.5H+X(2) r3H + rf:lq.l4r5H#X(3) r3H + cFIR.l4r5H*\(41 /l
wRITE(1r220) (CoEFF (4rI) åI-lr6)
FOPMÀT (lXrgrl5TH OtìnrR.2Xr2HY=rFl8.l4r3H + ¡Fl8.l4r2HttX.3H +

c FIB.l4.5H+X (2) r3H + rt'lA.I4r5H+X. (3) .3H + çFI8.l4r5H*X (4) r3H +

C /58X rF'18. l4ç 5H+Y, (51 / I

t,,RITE ( l'230) (COEFF (5r I ) r I=l ç 7

FORt,tAf (lXr9H6TH 0RnER'2\r?HY=rFl8.l4r3H + rFlS.l4cZHþX.3H +

C Fltì,14ç5H+X(?)r3H + çFl8.I4rgfinX(3) r3H + rFltr.I4ç5H+X,(4) r-ìH {

C /5BX rFl8.l4 c5t{r+X ( 5) .3H + rFl R.l4 r5H+xl6l /'l
ri,RITF ( I r2B0) (COEFÍ: (6. T ) . I=l ç rì)
FORÀ,1^T ( I X r9l'Jlf¡1 0Rr)FR ç 2X t 2HY-. F I 8. I 1. r 3H + rl--18. I 4 ¡?H+X. 3H +

c Flq.l4.5H{x(2)r1H + .Ft!ì.l4r5H{1 X(3)'31-t + .l-l8.l4r5H*X(4)r3H {

c /5RXrFltJ.l4r5H*X(5).3'l + rFlg.l4.qH+x(h) r3H +

C F l A. l4.5H{tT, l7l / l
tTRITE ( I r2q0) (COFFF (1 qf ) r [-l ra)
FORM,lT ( I X TgHBTH 0Rl)Fr? r 2X ç pHY=.F-I8. l1+ r3H + rFl 8. l4 :?H#X r3H +

c FIB.J4r5H+X(2)r3H a .F'lq.l4r5H#X(3).JH + rl-18.14ç!rH+X(4)rrlH {

e /\FxçFI8.l4r5l{+X(5) r-ìH + rFl3.l¿!ç5H{tX(6) r3H +

ì å0
170

I fì0

I e0

200

2l0

720

230

?H0

790



2-rq

:ì0()

:rl0

?4(l

250

?60

?6?
?61

26-ì

?70

132

C F I q.l4.5H{1 X,(71 / 5,-l X. tr l'ì. I ¿+.5Htt\ (t'l / |

'/AITF( I r300) (COEFF (nr f )' I=l r I 0)
F0rl,1^T ( lXrqHgTH 0Ri)EQr2X ç?HY=rtrJ.8. I4¡3H + rf- l8.l4rZH+Xr3H +

c FtR.¡4r5H+X(2)ç31-, + .F-lq.l4rqHrf x(3).-ìH + rF-l8.l4r5H+X(4)r-lH +

C /59XçFI8.l4r5H#X(5) r.lH + rFl8.l4r(HnX(6) r3H +

c Flrì.14.5H$x(71 /58x. rlR.l4.5l-'{,'( ( !ì ) r3H + rFl'l .14.5H+x (ql /l
¡JRTTE (l r3l0) (COEFF (Qr I) r J=l' I I )

Frìar'¡^T ( I X c l0Hl 0Tl-. rìr)r)FR t'! X ç èHY=.F I H. I4 r 3H + rF I 8. I4. zHf X.3H +

C Ftq.l4r5HrX(2) r3H + rFlR.l¿rsr{l}X(:ì).3h + rFIS.la'r5HfX(4) tJH +

e /5gx.Flg.l4r5Hrft(5)..1H + rFl8.l4r5H+X(Á).3H + rFl8.l4r5H+X(7)
c /5RX.Fl8.l4r5H+X(1).-ìH + .Flq.l4cliH+x(q) r3H + rFll-J.l4r6HfX(10

,./RlTf(lr2.lq)
FOer¡rjT ( IXr4/r-ry VAt_r,ES Þ,ìnt)t.rcF-r-) r,,Fl-hl IfvptJT x IS RESI-lFìSTITItTED/

'./qfTF(1'240)
FOR¡r/1T(tXrTfJ[À]PllT X.?Y.tlHIr'.lPrJT Yr2xr9H2ND OPDEPTIXTqHìPn ORfrF-

c ?,x,.gH4Tl-r nRDERr2XrQFcTl{ nRDFQr2XrQH6-[H ()iìDF-Rr2Xr9H7TH ORI]ER

C 2\r9HpTl..1 nHDtrDr/XeeHqTH OPnF_,ìrJXrlnTl0TH Okl)FP/l
r./RITE(l'250) ( (Xl (I.J).T:lrll) r.J=l rNr )

FOqÀ,!f\T ( 2X r F6.2 r I X r tr a.4 r I X r Ftì.4 ¡ 3X I Fp.4 ç ll X I l--Fr.4 r 3I ç F8.4
C .3X rFR. A r.3X r FC.4 r 3 X rFP.1+ r 3X. Fa.4 r 3X r F-H.4 )

1'JqIfE(1r260)
FORMÁT(///lX.lcHTÂRt-E OF PFtrC-NTAGF F-HR0R l{.R.T Il"lPtlT Y//l
rtO ?^l I=l.N
IF (Xl (2. I) .Fî.0, ) Xì (2. I) =0.()tlOl
ll0 "4? J=jrll
X2 (.lr T )=Xl (J.I )-Xl (2. T )

xl (,JrI)= (xl (,J.l.l /x I (2. I )-I. )+lc)0.
COI{TIÀIIJE
co¡JT r ¡ttlE
t.,RlTE(1r240)
.'JRITE( l.?50) ( (XI ( I..ll r I=I r lI ) r.l=I rNl)

'¡ralTE(1r263)
FOQU|¡T l///I\ç3ÊH DItrFErìEhrCF tìt-:Tt,FF¡, Y alttl CALCTJLATED Y//')
þJR,TTE(1r240)
'¡J'ìlTF ( l. ?c0) ( (X2 ( I..J l ¡ T=l r I L ) r'l =l çtl)
sT op
Eiln
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COMPUTER AIDEO DESIGN OF CONCRTTE COLUMNS

APPENOIX 2 - B

PROGRAM OUTPUT FOR FITCURV

APPLIED T0 CHART c5.l.l p = .01
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COMPUTER AIDED t)ESIGN OF CONCR TE COLUHNS

APPENDIX 5

PROGRAMMER ' S RF FERENCE MANUA

FOR

REINFORCED RICTANGULAR CONCRETE COLUMN DESIGN },IODULE
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l INTRODUCT TON

Thls manuaì explalns 1n detal I the operatlon of a computer program module

whlch deslgns rectangular concrete columns accordlng to the requl rements of

the Australlan Concrete Code, ASl4B0-1974.

The deslgn method 1s based on that adopted 1n the A.R.C. Deslgn Handbook and

uses a d1g1taì representatlon of the charts thereln to avold the necesslty for

ìengthy lteratlons to calcuìate the neutral axls depth.

Although thls module 1s lntended to repìace one of simllar functlon 1n the

GENESYS column sub-system, lt has been designed to operate 1n lsolatlon if so

desired and 1f mlnor modlflcatlons are made. Several of the orlglnaì

subroutines have been retalned malnly to facllltate lntegratlon of the

repìacement module. These subroutlnes h,ere altered sllghtly to sult the new

deslgn method and they are expìa1ned aìong wlth the neb, subroutlnes.

ORGANISATION OF THE MODULE

2.1 Introductlon

The module has been organlsed to take advantage of the faclllty offered by the

GENESYS system whlch allows a program to be spì1t lnto 0VERLAYS, only one of

whlch resldes 1n central memory at any one t1me. The program efflclency may

be lncreased by the effectlve use of thls faclì1ty.

The module contains an extenslve table of coefflclent values and 1t bJas

consldered practlcaì to break the module lnto two OVERLAYs, the coefflclents

and related subroutlnes 1n one, and the maln deslgn programme 1n the other.

2
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The 0VERLAY names and numbers whlch have been adopted are the same as those

used 1n the orlglnaì moduìe and the contents of each are as follows:

OVERLAY 52 XRC22" Routl ne CENTRY.' EFLTHU BCLASH

'' RTV P

0vERLAY 54 "RC24" Routlne t)RIVERU SORTU COLLOAD

'. RED.. SORTL.. FINOP

" CALCP

" FUNCP

" ARRANG

The bas'lc module organlsat'ìon 1s shown

CENTRY whlch 1s the entry polnt for

sequence 1s shown 1n Flgure 2.ì.

1n the flow dlagram

the module. The

for the subroutine

subroutl ne caì I i ng

2.2 Informatlon suoolled to the module

The module 1s suppì'led wlth the foì ìowlng lnformatlon passed through PUBLIC

variables.

Column dlmensions and ìengths

Propertles of beams/slabs whlch Joln the column

Haterial propertles
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A 'loadlng array contalnlng al I of the ìoadlng comblnat'lons

that can be applled to the column. Each ìoadlng conslsts

of an axlal load and head and foot moments 1f they ex1st.

From thls lnformat'lon the module determlnes the cheapest steel arrangement (1f

any exlst) whlch 1s capable of wlthstandlng the worst loadlng comb'lnation.

2.3 Slqn Conventlon: See Flgure 3.3 1n Thesls maln body

2.4 Sqbroutlne Centrv: Column Deslgn entry

2.4.1 Dutv Speclflcatlon

Thls routlne 1s the entry and exlt polnt of the rectangular shaped column

group under conslderatlon as called by the control module. It controls the

deslgn sequence by caìling the varlous ut1'lity subroutlnes 1n thelr correct

order and contalns the PUBLIC variables requlred to llnk wlth the rest of the

maln program.

2.4.2 Controlllng Parameters

None



(a)

(b)

(c)

(d)

(e)
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2.4.3 Procedure and Justlflcatlon

(f)

Enter Column Deslgn Module

Retrleve Column Dlmenslons and cover from Interface

Compute the Effectlve Length of the column group.

If requlred then conslder beam bar c'lashlng.

Comblne head and foot moments as specifled

1n Section 2.2 dependlng on column

slenderness.

Retrieve materlal strengths assoclated wlth

the current column group.

Retrleve Coefflclent Tables determlned by

col umn d lmens'lons and propertl es .

PERFORM DRMR (new 0VERLAY).

EXIT

(g)

Subrouti ne

C ENTRY

EFLTH

BC LASH

RTV P

t)R I VER(h)

(1)

2.4.4 PUBLIC Storaqe (for detalls see Sectlon 3)

PUBLIC/C0LUMNS/CSP(,),P(, ),ST( ),MS( ),IGL(, ),IP(, ),K0LUMN

PUBLIC/RCSYS/NSYS, ISYS

PUBLIC/CR /81 ,B2, FCU, FY, XSL, YSL, PP( , ) , ItdARN , IERR, KSXY, C0V, NOtdRo , N0ERO ,

NTì
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2.4.5 Local Storaqe

Number of load cases în the run

Starting po'lnt for ìoad cases to be consldered (upper and

Slenderness lndlcator

Control Varlable

If

Íf

Head moment 1n X-dlrectlon

Foot rr r

Head I' Y-d 1 rec t 1 on

Foot r í

Control Varlabìe

llÍ

fil

ßll

Number of columns 1n group the load cases app'l1es to

Control Variable

llÍ

Number of load consldered

Contro'l Varlable

Íil

Homent 1n X-d 1 rectl on f or s I ender co'l umn

Moment ln Y-dlrectlon for slender column

Control Varlabìe

Used 1n efffectlve moment calculatlon for slender columns

llÍllllßÍilil

fllÍÍllllilll

ilttÍilfrIlt

N

MM

IJ

I

INC

IB

X]

x2

Y]

Y2

T2

I3

I4

I5

NìO

Nll

I1

IK

I6

T7

x

Y

J19

x'tx

YIY

XX

YY

I ower ìtfts)
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ot Head and !'oot
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EqulvaLtsnL HooÈnt
as speclficd in

SocLion 3, ?

.Retrleve Hêt€rlal
StrongÈhs

Ie
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SÌro¡'t

For all Load cases
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æ

Set Sl.enderneso Flag IJ
=lShort; =2Slôndsr

Cooput€ St¿rt and End
Polntcrs 1n Load lrcay (MH,N)

c^l,L BcL^sltBeaø Bar Cl,ouhlng
Avoid

CATL EFLlII

Retrlsvc CoÌuon Dloenslons & Covor

UITER

FICUNE A2 -¿-1 - Flor.r Chart - C[:NTRY
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2.5 Subroutl ne EFLTH : Effectlve Length calculatlon

2.5.1 Duty Speclflcatlon

Th1 s routl ne

cons'lderatl on

caìculates the effectlve length of the column group under

It uses the method glven in CPll0.

2.5 .2 Control I i nq parameters

Column dlmenslons and'ìength.

2.5.3 Procedure and Justlflcatlon

The procedure for calculat'lng the effective length has been retalned as the

one speclfied 1n CPll0. The ASl480 method wh1le belng slmllar to that used by

CPll0, 1s not compatlbìe wlth the rest of the GENESYS program 1n 1ts present

form. Informatlon necessary for the ASl480 method 1s not avallable via the

current interface. Future modlficatlons to the lnterface should lnclude

provlslons for the lnformatlon necessary for the ASl4B0 method.

The procedure is as follows:

(a)

(b)

(c)

Retrleve the varlous column/beam stlffness ratlos

Calculate effectlve ìengths as shown page 39 CPll0, part 1

Calculate slenderness ratlos



FICURE A2 -5-'l
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2.5.4 lubllc Storaqe (For detal'ls see Sectlon 3)

pUBLIC/C0LU|4NS/K0LUMN, GL( ), HS( )

PUBLIC/CR/EL, EX, EY, XSL, YSL, BI, 82

2.5.5 Loca'l Storaqe

Control Varlable

lllt

ilÍ

Íil

Ratlo of column/beam/flat slab stlffness about X-X axls

llIllilllIfltY_Yll

Overall ìength 1n X-dl rectlon

Y-dl rectlon

of the column

I

J

I]

T2

X]

x2

0l

o2

K

X

Y

E]

E2

I

Braclng conditlon

HrN (Xr & X2)

MrN (Yr & Y2)

Effectlve ìength

Effectlve length
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FICURE A2.6.1 - Flow Cha¡'t - BCLASH
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2.6 Subroutl ne BCLASH: Bar clashlng avoldance

2.6.1 t)utv Speclflcatlon

Thls routlne establlshes the permltted number of

column 1f beam bar cìashlng 1s to be avolded. It
bars permltted to avold beam bar cìash1ng.

2.6.2 Control I 1 nq Parameters

Varlous lnformation regardlng the beam steel present

2.6.3 Publ lc Storaqe (for detalls see Section 3)

PUBLTC/CoLUMNS/MS( ) ,ST( )

PUBLIC/CR /81 ,82, SXY( , ) , NBI , NB2, KSXY

2.6.4 Local Storaqe

bars 1 n each

returns w1 th

face of the

the number of

CB

BB

cz

EB

ul5

X

Dl5

L

c

Haxlmum corner bar slze

Maxlmum beam bar slze

Col umn zone

Effective beam zone

Maxlmum of beam and column zones

Control Varlabl e

Contro'l Varlable

L1 nk S1 ze

Tol erance
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2.7 Subroutl ne RT Coef f lclent retr'leval

2.1 .1 Dutv Soeclf lcatlon

Thls routine sets the value of the coefflclents to be used to represent the

charts. 0nly one chart 1s to be stored for each of: Blaxlal, Monoaxlaì-X,

Monoaxlal-Y. For purposes ofcalcuìat'lng g, zann/ bars are assumed. For

Blax'lal cases g 1s based on the smaller of the lateral dlmenslons. Note that

the llgature slze does not affect g because cover speclfled 1s to maln bars.

2.1 .2 Control l l nq Parameters

(a)

(b)

(c)

FY

FCU

g value lnterpolatlon

2.1 .3 Procedure and Just'lf l catl on

G value 'lnterpo'latlon 1s allowed 1n the A.R.C. Deslgn Handbook (Ref l5).

Flrst check that the calculated g value 1s permlsslble (.6(g<ì and 1f g>.9 set

g=.9) then determlne between which two charts the g va'lue l1es. Assume a

stralght 'ì1ne relatlon between the two charts thus calculatlng their relatlve

contrlbutlons. Thls 1s represented by two factors (one for each chart) lylng

between 0 and l. As the equatlons 1n each chart are of the same order, a

slngìe coefflclent set may be generated by summlng the correspondlng

coefflclents multlplled by the approprlate factor.
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For example: Assume 9=G and ìy1ng between .6 and .1

Then G(.7) = (g-.6)/.1 and G( .6) = I - G(.7)

M0(.6) = ((Coefflclent(.6)*(PD))

MD( .7) =((Coefflclent( .7)*(P0) )

Thus addlng the two

MD(g) - G(.6)*((Coefflclent(.6))*(PD) +

G( .7) *( (Coef f 1c1ent( . 7) )*( P0)

Thls resuìts in a slngle set of coefflclents generated

by summatlon wlth (PD) as the common factor.

2.1 .4 Proqram Lavout

The program contalns the ìoglcal statements fol lowed by 6 blocks of the I
charts groups wlth the same physlcal propertles. These blocks are accessed

onìy once when the charts, wlth the same physlcaì propertles, are brought 1n

for temporary storage. The first 4 charts 1n the group are the monoaxlal

cases and the second four are the bl ax1 al cases . In add i t1 on PMAX and PMIN

whlch are comrnon to al I charts wlth the same physlcal propertles are al so

stored. Note that PMIN = 0.595 * FCU.

2 .1 .5 Pub I 1c Storaqe (For detalls see Sectlon 3)

PUBLIC/CR/81,B2,C0EFB(,),C0EFp(,,),FCU,Fy,IERR,N0ERO,pMAX,pMIN,SL0pEo
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2 .7 .6 Loca I Storaqe

cP(I,J,K)

cB(I,J)

G, GX, GY, GXY

IL

IH

GL

GH

IFL

cs(r)

Temporary storage for equatlon coefflclents

I = l,B Chart numbers

J = 1,8 Stee.l /.

K = 1,7 Coefflclent Numbers

Temporary storage for balanced failure equatlon

I = l,B Chart numbers

J = 1,2 Coefflclents

g vaì ues

Low chart number for g

High chart number for g

Factor for IL

Factor for IH

Polnter to type case

= I Blaxlal

= 2 Monoaxlal-X

= 3 Monoax'lal-Y

Temporary storage for slope of curves as they cross

M=0 ax1 s

I= l,B Chart numbers

2.8 Subrouti ne 0RIVER: Drlvlng the deslgn sequence

2.8.1 0utv Soeclflcation

Thls 1s the drlvlng routlne that controls the entlre

entered 1n1t1aììy from CENTRY and, when comp'lete, 1t

routlne if requested.

des'lgn sequence. It 1s

1 n 1 t1 ates the detal I 1 ng
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2.8.2 Controlìlnq Parameters

None

2.8.3 Procedure and Justlflcatlon

(a) Inltlal'lse Pubì1c varlables used 1n the ana'lys1s routine

(b) Store approprlate physlcal data 1n array PCL0 for use by 0/P routlnes

(c) Create the arrays for

Thls lnvoìves copylng

the array CLD( , ) .

sortl ng the

the contents

cases and anaì ys I s

PP(,) to SL0(,) and

I oad

of

resul ts.

c reat 1 ng

)

(d) Change the unlts of the load'lng to Newtons and M1'llimeters

(e) Sort loads 1n order of descendlng axlaì load (Caì'l S0RT)

(f) Create monoaxlaì and blaxlal loadlng cases (Call C0LLOAD)

(g) Calculate the requlred steel percentages 1n each face (CALL FINOP)

(h) Arrange the steel percentages found w1 th varl ous bar s 1 zes ( CALL

ARRANG)

(1) Inltlate detalìtng 1f required

(J) Exlt
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2.8.4 Publlc Storaqe (For detalìs see Sectlon 3)

PUBLIC/C0LUMNS/p(, ),GL( ),ST( ),MS( ),IGL(, ),K0LUMN

PUBLIC/RCSYS/NSYS, ISYS, I ISYS, SLD( , )

PUBLIC/CR /81,82, FCU, Fy, EX, Ey, ICNT, INIT, XSL, ySL, AA(, ), DIAM( ), pCL0( ),
CLD( , ) ,NOER( ) ,NOt'lR( ) , PP( , ) ,IWARN,IERR, FM

?.8.5 Local Storaqe

I,J

ISH

SECA

AJ

KPC

IXI

NCZ

LLK

KS5

KF5

SL0TEMP( , )

Short or slender column

Area of co'lumn c ros s-sectl on

Control Varlable

Bar area

Control Varlable

Temporary storage for array SLD(,) whlle the loads are

put 1n thelr correct order

2 . 8.6 Subroutl nelFunct'lons accessed

SORT( SLD, N, LST, LLK, GRP, NGR)

COLLOAD

FINDP

ARRANG

CR0UT (1n 0VERLAY ',Ma1n Column Des1gn,,)

I

I

Í



1Có

EXI T

Inltlate Dota1l1ng
PERIICR''I CROUT

CA.LT ARRANC

CALL FINDP

CATL COLLOAD

CALL SORÎ

N¡rnr
Chango Unlts to

Store physlcal

data ln array
PCLD( )

Rotrtevo Publlc
varla bl ss

TìI{TfiR

Creato Sorttng
arrays

ì1
FICURE A2.8.1 - b'low Ch¿rt't - Dt(IVIìR
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2.9 Subroutlne S0RT: In'lt1aì load sort

2.9.1 f)uty Soeclflcatlon

Thls routlne performs two tasks:

(a) Eì1mlnate the unnecessary 'load cases 1n the set of loads appìlcable

to the column group.

(b) Sort the'load cases 1n descendlng order of the axlal ìoad appì1ed.

The load cases whlch have been ellminated from the lnterface array SLD(,) have

been given an axlaì load'less than 0. The sortlng aìgorlthm 1s the usual

Bubble Sort.

2.9.2 Controlllnq Parameters

None

2.9.3 Procedure and Justlflcation

Bubbl e sort a'lgorl thm

2.9.4 Publlc Storaqe

,i-)
None
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Y

mFor alL load cases
vrltten Ks and KF

EIlnlnato dupllcato J-oads
1n that group

KS=KF

Increocnt nuober of
groups polnLod ¿o = JL{L+'l
Store Start and cnd of

group KS and KF

KF=K-l

K=Ntl

For aLl load casc
bcLHôen KSl.N m load=S1

Axial

Ef,IT
pointed to by KS

of the load caso
Take parunotors

Storo polntore
1n array

LC

lst
Load

Flnd pointers Lo
the coluon 1n thc
group to chlch the
load applloc

Initlute end of
same axlaÌ loud
group K!' = KS

Increoent l-ood
Polntor to bo
congrred úith KS

KSl=KS+1

Inltlate nuobor
o!' groups 1n ¿þo
ìlst to 0; KS.t

KS-KFtl

Sort ¿¡'oupr lr¡
oetler' ol' rlescendln6
uppl.i.'rl uxiul. load

EJ{l'ER



2.9.5 Local Storage (See Sectlon 3)
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Hoìds lntermedlate results

Ellmlnatlon ìoop controì var'lab'le

ilÍfI

Axlal load value

Moment 1n X-dlrectlon

Homent 1n Y-dlrectlon

Control Var'lab'le

llÍ

II

As Sl for compared load case

u s2 ll Í il ll

u s3 r il ll I

Comparlson controì varlable

Íilf

Sortlng control varlable

ilIÍ

IfI

t¡ÍÍ

Control Varlable

llÍ

IÍ

ilil

Ilt

llI

LL

KS

KS]

Sì

S2

S3

K

K1

K2

A1

A2

A3

Z1

z2

I

NI

J

I1

I3

tl

L

T2

LL

I4



S

N

1go

2.9.6 Arqument Variables

LST

Array contalnlng the unsorted load cases

Number of load cases

Returns wlth polnters referrlng to entries 1n array S whlch lndlcates

the sorted loads order

Number of entrles 1n the array LST

Array contalnlng polnters to the column 1n the group that the load

case appì1es to

Number of columns 1n the group

JL

LG

NG

2. I 0 Subroutl ne COLLOAD: Load Condltlonlng

2.10.1 Duty Speclflcatlon

Thls routlne complìes the ìoadlng set to be used 1n the column deslgn wlth

account taken of the foìlowlng:

(a)

(b)

(c)

(d)

(e)

Inltlal eccentrlcitles

Reduct'lon f actors

Removal 'lf requl red steel % = 0

Removal 1f same axla'l force but smaller moment

Creatlon of blaxlal load'lng cases

2. I 0.2 Control I 1 ng Parameters

None
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2.10.3 Procedure and Justlflcatlon

(a) Type MONX and HONY: REAL, because they may contaln fractlons.

(b) calculate eccentrlcltles ECX and tcy from csp( I,J) by taklng the

value of the current llft or llft above dependlng whlch 1s the ìarger

(1n mm). (J = 3,4)

(c)

(e)

Retrleve the

I = I Axlal

set of loadlng cases whlch 1s held 1n SLD(I,J) SLD(I,J):

I oad

= 2 X-Homent

= 3 Y-Moment

= Load case numberJ

(d) Convert loadlng tabìe lnto form p/80 ,lti/Dlz

p' = p * .¡93 M'x = MX MI v HY

B1 t' 82 Bl t 822
ry

Bt2 B2

X

Flqure 2.10.1 Deflnitlon of Eccentrlclties

calculate deslgn eccentrlcltles as the sum of the 1n1t1al

eccentrlcltles and the actual eccentrlcltles. F1 rst determlne the

actual eccentrlcltles whlch are = the maxlmum of the current llft and

the llft above:

*

82



tXl = AMAX(CSP(1,4),CSP(2,4))

EX2 = AMAX(CSP(1,3),CSP(2,3) )

Then:

ECX = 25 1 .01*82 + EXI (mm)

ECY = 25 ¡ .01*Bl + EYI (n*n)

ECXY = AMAX(ECX,ECY) (mm)

(f) Spllt into three groups:

- HONX(I,J),I=1,2,3

- HONY(I,J),I=1,2,3

- BIAX(I,J),1=1 ,2,3

x*P'*Ecx,IL
y*P'*ECY,IL

192

P',M'

P'rM'

P'(H' + M + Pr * ECXY),IL
X v

The blaxial case 1s only formed 1f both ti'r.03 * p' * 82 (BX)

and M,y .03 * P, * Bl (BY)

J = The load case number.

IL 1s the load numbelln sLO(,) f rom whlch the loadlng 1s derlved.

(g)

(h)

(1)

Apply SUBR0UTINE S0RTL to MONX,M0NY,BIAX which wlll dlscard redundant

ìoadlngs tf same P but smaller H and 1f the loadlng wlll requlre a

steel % equal to zero.

Apply suBR0urINE RE0 to MONX,MONy,BIAX whlch wi l't apply the reductlon

factors R & R'and set NUTRAL = I 1f any tenslon governlng cases are

found.

In aìl cases the load number 1n sL0(,) from whlch the load case bras

derlved 1s stored wlth the loadlng case.

(J) EXIT.
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2.10.4 Publ 1c Storage ( see Sectlon 3)

PUBLIC/C0LU}|NS/ CSP( , )

PUBLIC/RCSYS/NSYS, SL0(, )

PUBLIC/CR /81,82, BIAX(, ), IBIAX, I FLAG, Il,tON, HONX(, ), frlONy(, ), NSySX,

NSYSY, NSYSB, tCX, ECY

2. I 0.5 Locaì Storaqe

Count'lng varlable

BX

) lllnlmum moments for blaxlal case

I

BY

ECXY

SLì

SL2

SL3

Haxlmum of tCX and ECy

= P/BD

2
B2H

x
/ 81x

2
llr/ 81x B2

2. I 0.6 Subroutl nes/Functl ons ccessed

s0RTL( LD3( , ) , ILD3, It LD3)

RtD(LD2(,),I102)

i

I



1y4

IBlAX
>0

l¡

Y

N

N

Y

RED(MONY, NSYSY) RED( BI AX, NSYSB)

IFT,AC = 2 IFLAC = l

t:\I TIISYSY

>0
NSYSB

)0

RED(MOI{X, NSYSX)

IFLAG = 1

NSYSX

)0

MoNx( 1 
' 
IION). -,ÞlI

lloN Y( 1 ,i IMON ) = ill
I'foN.\(2, lMoN) . 5L2rSL1 r¿CX

MoNX(3,IMoN) = I
MoXY(2,IHoN) = SL3+sLlrEcY

MONY(],IMON) = I

BIAX(1,IBIAX) = SLI

BIÀX(2.IBIAx) = SL2+SLl

+ SLITECXI
BIAX(],IBIAX) = I

SORTL( BIAX. IBIAX. NSYSB) JHO¡i=IHoN+1 IBIAX=IBIAXr I

und
SL2 > I]X

sLl > 8r

SOR11,(MONY, IMON, NSYSY)

sLl = sLD( 1,I ) / (81 r82)

SL2 = sl.D(2, t)/ (81'lr?'82)
SL3 = sLD(l,I)/ (tilrul'B?)
Bf = SLI'.01'82

B1= SLll

SORTL(MONX, IHOI¡, NSYSX)

<0
(l,r)

IMON

>0

tOR I = 1,NSIS
DJ

[:N TER
IMoN = 0
NSYSX = 0

NSYSB = 0

ECX = 25 r o.01 . b2 l AXAX( CSP(1.1).CSP(2'1))

Ecy = 25 + o.01 . D1 I AfiAX( csP(l,l).csP(2'l))

ItcxY = A:HAX( ECX,ECv )

IBIAX = 0

NSYSI = 0

FIcuRE A2.10.2 - Flow Chart COLLO A D
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2.ll Subroutlne S0RTL(L03.ILD3.IlLD3): Loadlng Sort

2.ll.l Dutv Soeclflcatlon

Sort through each group of loadlngs and remove those for whlch:

(a)

( b)

Same Axlal force but smaller Moment,

The requlred steel % = 0.

2.11.2 Procedure and Justiflcatlon

Flrst speclfy TYPt statement for REAL var'lables. The ìoadlngs have a'lready

been sorted accordlng to decreaslng axla'l load. The program f1 rst sorts

through ìoadlngs wlth equal P values and finds the highest moment. The

program then stores the ìoadlng 1f the requlred steel percent 1s greater than

zero accordlng to the formula derlved 1n Sectlon 3.2.6. It is posslbìe that

no 'loads w1'll be f ound whlch requl re a steel percentage greater than zero 1n

whlch case NSYS will be zero.

2.1 1 .3 ubl I c Stora : (See Sectlon 3)

PUBLIC/CR/FCU



1i6

IILD] =

FICURÊ 42.11.1 - Flow Clrirt. s0R1'L

0
0

T

N

Y

Y

lCoUllT = ICOUNI . 1

âl

( 2. I COUllTt
I'l )

D3( I 
' 

IC{)UN1'I

P¡

IlLDl. ¡lLDl,l
101(l,IILDJ) - P

LD3(2.IlLDl) . x

LDI(l.IlLDl) . X

- ICOUNTt->ttDl-r

cruilT)
coulll')

l. r couNT)

t.I
?.I

P-LDl (

il.LDl(
K=LDl (

E.(If > ILD]

I COUI{T .
ICOUilT T ¡

T:ilTü



MT

M

P

I COUNT

K

IT
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2. I I .4 Local Storaqe

- Moment capaclty wlth no steeì present

- Current Moment Value

- Current Axial Force Value

- Countlng varlable

- Load case number 1n SLD(,) from whlch the current load was derlved

- (=ILD3-l) Load number test varlable

LD3

2.11.5 Arqument Varlables

I LD3

Input/0utput load array name, set by c0LLOAD to elther MoNX,l,l0Ny,

BIAX on enterlng

Number of loads to conslder, set by c0LL0AD to elther IH0N or IBIAX

on enterl ng

Number of loads remalnlng after sort, set by c0LL0AD to elther NSySX,

NSYSY, or NSYSB on leavlng routlne.

I] LD3

2.12 Subroutlne RED(LD2.ILD2ì: Reductlon Factor Routine

2.12.1 Duty Speclflcatlon

Determlne and apply the load reductlon factors to the loadlng speclfled.
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2.12.2 Control I 1 nq Parameters

The operatlon of the subroutlne 1s controììed by:

The loadlng type (M0NX,MONY or BIAX)

The number of loadlng cases (NSYSX, NSYSY or NSYSB)

The values of F'C and FSY

2.12.3 Procedure and Justlf'lcatlon

The procedure 1s based on the graphs appearlng 1n the ARC 0es1gn Handbook (Ref

l5). As the balanced fallure ì1ne depends on the ìoadlng type, the subroutlne

C0LL0AD wlll set IFLAG = 1,2,3 depend'lng on the loadlng belng consldered. The

routlne is sklpped 1f the number of reduced loadlngs = zero.

(a) Dlmens'lon the dummy array LD2 uslng dummy array ìength ILD2. (they

appear 1n the argument ì1st)

(b) Speclfy the TYPE of the REAL varlables.

(c) Retrleve the balanced load I 1ne coefflclents accordlng to the load

type bei ng examl ned.

(d) check whether the ìoadlng I 1es below the balanced fa1 lure ì 1ne, and

1f so, set NUTRAL = l.



(e)
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0eterm'lne the value of T (an intermediate vôr1abìe used to calculate

the reductlon ratlos) as follows:

From the graphs 1n the ARC Handbook the foìlowlng may be determlned

uslng s1m1 lar trlangìes:

For Frc

For F'c

For Frc

For Frc

For Frc

20, T

25, T

30, T

40, T

45, T

36/6.7 * PlBD

36/8.4 * P/80

36/10.9 * P/BD

36/12.6 * P,/BD

36/13.4 * P/BD

230,

410,

PPB

PPB

(f) Determlne the value of PPB (lf tenslon fa1ìure occuring (PPB<ì)):

FoT FSY T /36

T /29 .s

( g) Appl y the reductl on factor :

For Compresslon Fallure R = 1.2 - .01 * 1/r

Tenslon u R, = l-(l-R) * PPB

aìlow'lng a maximum value of PPB = l

for Monoaxlal-X I = tX (by EFLTH)

l^ = .3 * 82

rr Y I = EY (by EFLTH)

l" = .3 * Bl

Blaxlal 'l = EL ( by EFLTH)

l^ = .3 * 41.'lIN( 82, 81 )

(h) EXIT
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2.12.4 Derlvatlon of Relat'lonshlps

The derlvatlon of these relatlonshlps 1s lllustrated below (for F'c

Fsy = 239¡ and 1s val1d f or al I 'l1nes on chart C4 ( ref ì 5) .

Stage I - determlnatlon of T

0
o. I

P /BD

\\
o

,o
I

T P/BD * 36/6.1

Fl qure 2 .12.1 - Determi natl on of T

Staqe 2 - determlnation of PPB

PPB 0

PPB = T/36

ure 2.12.2 - Determlnati o

Staqe 3 - determlnatlon of R

If compresslon fallure governs then from ASl480

R = 1.2 - .01 * 1/r

20 and

0

^\

0

36



0/,

70
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Staoe 4 - determlnatlon of R,

B PPB

+-R&Rt R Rr

(Note that R' = R 1f PPB = l)
Flqure 2.12-3 - Determ'lnat 1on of R'

A

0

0

By slml lar trlangìes CB = FE 1 .".
CA FA

And so (l-R) * (l - PPB) = R,- R

I - R - PPB + PPB * R = R,

Rr = I - PPB + PPB * R

Rr=l-(l-Rl*PPB

-PPB=

R

2.12.5 Publlc Storaqe (See Sectlon 3)

PUBLIC/CR/ 81,B2,C0EFB(, ),EX,Ey,EL,FCU,Fy, IFLAG,NUTRAL

2.12.6 Local Storaqe

- Used to calculate PPB accountlng for FCU and Fy

- 1s the symbo'l f or PulPb'

- Compresslon fallure reductlon factor

- Tens 1 on fa 1 I ure reductl on factor

- Countlng varlable for D0 loop

2
- Balanced Fallure axlal ìoad (N/nrn ) for applled moment

T

PPB

R

Rt)

I

L

EF
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N N

Y

1 = T/1).1,

= 1-(1-R)rPpB

T = T/1?,6t'r c
= /.O

PPBPP8
>1

T = T/1o.?
Frc
=30

LD2(1,I)
=LD2(1,r),/RD

LD2( ?, I )
=LD2(2,r) /pÐ

PPB

= r/?9.5

T = T/8.t,

PPB

= r/36
P"y
=23o

r = r/6.?

T = 16¡LDz(1,I)
NU'IML = 'l

R

LD?(2,I)
= LDz(?.1

LD2(1,r)
- LDz(1,1)/R

cOEFB(IrL^C,1 ).LD2(2.I) f C0ËF8(IlLAc, 2)

LDz(1,r) <

EXI T
tÐR I = l,ILD2

DJ

.. I . ?_.01r (Ey / (.3,81|))
R= 1.2-.01r(Ð(/(.1.ts2) )

= 1.2-.01 ¡ (ELl(.3.ÂfiIil(81, B2)l
R

=2
I TLACI TLAC

=1

E{TER

Y

Y

FICURE 2 ."12. I Flow Ch¿rrt - RED



2.12.7 Arqument Varlables

LDz(J,I), J 1,2 P,14

203

Input/Output load name whlch wlll be

elther HONX,HONY or BIAX.

Number of ìoad'lngs 1n LD2 - r.r1ll be set to

elther NSYSX,NSYSY or NSYSB by C0LLOAD.

ILD2:

2.13 Subroutlne FINDP: Calcu'late maxlmum steel % requl red

2.13.1 0uty Speciflcatlon

Search through the reduced ìoadlngs for the maxlmum steel % requlred

the load numbers 1n STEELP from whlch the maximum steel % was derlved.

2.13.2 Procedure and Justificatlon

(a) Check that the number of ìoadlngs 1s greater than zero.

(b) For each ìoad type:

. assume steel % = 0

. search through aì'l exlst'lng reduced loadlngs and flnd the

max'lmum steel % requl red

(c)

Sto re

If the

ex1 sts

resuìt1ng steel % 1s greater than B then an error condltlon

( coì umn too smaì ì )



Y

20t,

v STUILP(1,I

sT¡:ELP ( 1 ,

= MONX( 3,I

Y
Y

Y
Y

N

I

E,XIT

,Inltlabe Error
Messago

Any
STEELP

)8

¡DR
I = l,NSYSBre CALCP(BIAX(,I)S

Cå,LL

BtAx( Lr )

STEELP ( ].

STEELP ( 2, 1

cIISYSB
)0

srEFrP(3,1) = ¿
IFLAG = ,

FOR
MON

CALL
(MoN/(,r), (r.2)

HoNX(3,r)

(2.1
NSYSY

>0

=o
IILAC = 2

STEEI,P ( 2, I

,r)s!þR
I;nsysx LD

NSYSX

>0

I FLA0 = 'l
STF,9LP(1.1) = o

ETITEtt

FICURE 2.13 .1 Chart FTNDP
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Store the steeì % and correspondlng load case numbers 1n array

sTttLP( , ) .

(d)

(e) Exlt

2.13.3 Publlc Storaqe: (See Section 3)

PUBLIC/CR/ MoNX(, ),MONy(, ), BIAX(, ), NSySX, NSySy, NSySB,STEELp(, ),

IFLAG,N0ER( ),IERR

2.13.4 Local Storaqe

I - Countlng Varlable

S - Temporary storage for steel % returned from CALCP (Exlsts 1n

CALCP as SP)

2.13.5 Arqument Varlables

None

2.ì3.6 Functlons/Subroutines accessed

cALCP( 104( , I) ,SP)
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Subroutlne CALCP(104(.I).SP): Steeì % Calculatlon

2.14.I 0utv Specl f 'lcatlon

Glven P & Èl and the deslgn chart, flnd the steel percentage requlred.

2.14.2 Procedure and Justlflcatlon

The procedure 1s explalned wlth reference to Flgure 2.14.1.

P /bD
PMAX

Required Steel %

2 .14

(a)

= 5.0 - M

M 5) - M(/,)

PMIN

M/anz

Flqure 2.14.1 - Tvplcal Set of Fallure Curves

tnter the subroutlne and set IPL0I'{=0 and P & M to the current ìoadlng

condltlon. Retrleve PHAX and PHIN from PUBLIC storage.

Test whether P ì1es w1th1n the range PHAX to PHIN. If P 1s greater

than PHAX then SP 1s set =9 and the subroutlne 1s sklpped. 0ne of

three posslbìe actlons 1s then taken dependlng on the value of P (see

c), d) and e) foì'lowlng),

It(¿)

(b)



(c)

(d)

(e)
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If P ì1es below PMIN (see F1g 2.4.1) then a slngìe lteratlve solutlon

1s done to determlne the %- Startlng wlth %=0, the % 1s lncreased

untll the moment capaclty provlded 1s greater than the appì1ed

moment. The requlred stee'l % 1s then calculated as shown 1n Flgure

2.14.1 .

If P lles above PHIN and outslde the shaded areas shown 1n Figure

2.14.1 then the slmpìe lteration procedure 1s used, starilng wlth the

steel % Just underneath the shaded area whlch contalns the p value

wlth M=0. By dolng thls, lt 1s not necessary to test for the lower

steel percentages 1f they are obviousìy too low.

If P lies w1th1n a shaded area then the sìope of the lower % line 1s

used to calculate the value of tlL0t^,1. Thls 1s because the equations

are unrellable after the curves cross the M=0 'l1ne. Two

posslbl I 1t1es then occur:

(l) If the value of IPLOl'l 1s

0% line must be used.

Given l4=P/2 - P 2/1.19F,c

equaì to I then the slope of the

( dil)
¿dP)

= 1/2 - PMIN/.595F'c

(Sectlon 3.11.3)

( at P=Pl,tt¡¡ )

At P=PMIN=0.595 F'c, d-M=l/2-1
dP

-0. 5



P /bD
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MHIGH = trUNcP (p, I )

0.5

MLOhr = (p-puru) ;r ( -0.5)

MLO

PMIN

PMAX

PMIN

1.0

PLO!rT = PMIN + IPLOIÁI X (TUAX - PMIN)
8

v/anz

p=1%
pt/aoz

Flqure 2.14.2 - Value of IPLOtl eoual to 1

P

Mlolti = (P - PLOVf) * SlOpn

MHIGH

1.0

llne IPL014 = p+'1

PL0l¡/

P=O%

(n,

:f)

Flqure 2.14.3 - Value of IPLOtd qreater than I



(f)

(2)
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If the va'lue of IPL0t^l 1s greater than I then the sìope of

the next lowest steel % must be used. Note that the s'lope

1s caìculated from coefflclents 1n subroutlne RTVP. (See

Flgure 2. I 4.3)

PLOt^l = PMIN + IPLOhl (PMAX - PMIN) (= posltlon where p=O line crosses
B P/bO axl s )

From thls MLOW = (P-PLOlrl)* SL0PE

If lt 1s found that the requlred steel % is greater than B then SP 1s

set =9- Thls 1s an error condltion but 1t 1s detected later 1n the

p rog ram -

2.14.3 Publlc Storase: (See Sectlon 3)

PUBLIC/CR /TCU, IFLAG, PHIN, PMAX

2 .14 .4 Loca I Storaqe

IPL0W - Current lnteger va'lue of the steel being consldered

P)

)

M ) Temporary storage for stress values

)

MHIGH )

)

MLOrd )

PL0W P value where IPLOIJ llne crosses the M=0 axls.
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Y

EXIT

MLOW =
P-PLow) I ¡1¡¡çP(PL.w, I

-PMP

H

r/¡_PNIllrÀ \
\' .585F' c J

rPLOw-frl{jfffiro*
SP=

PL0l./ =

PLOITI =

rr+I{Q! frru

M

< Htu cil

FUNCP(P, IPLO[.,)
H tl.I 0H =

MLOIJ = ltlll-IGH

sP=9I PLOI.I
>8

MlüCH =

flJt¡cP(P,IPLO!,J)

IPL0l,,/ =

IPLOW * I

rurf a..ffir,,frr
IPLOW = P/2- P/1.1?'F'c

P4
PüIN

M>0

sP=9
IPLO|., = 0

P = LD¿(1,1)
H = LD4(2,I)

FJ.ITER

I"ICUR[ 2-14.{, - Fl-ow Chart - CALCP
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2.14.5 Arqument Varlables

SP

LD4(I,J)

- Contalns

- Contalns

the value of steel % requlred. (set to =S by FINDP)

the coordlnate load values belng consldered

I=1 ,2 -P,M

J Load number belng consldered

2.14.6 Subroutlnes/Functlons accessed

FUNCP( P,IPLo!..l)

2.15 Functlon FUNCP(X,I ): moment capacity determlnation

2 .15 .1 Duty Spec l f l catl on

Flnd the approprlate moment capaclty glven the axlal force exlsting.

2.15.2 Procedure and Justlf 'lcatlon

The functlon uses the coefflclents stored by RTVP. Each steel % llne has been

stored 1n the form:

2 4 5 6
Y A+Bx+Cx + Dx3 +Ex + Fx +Bx

t,lhe re : = c0EFP( IFLAG,%,1A

B

c
D

E

F

G

ll 2

3
4

5

6
1

ll

Y = Moment X = Axlal Force

It 1s therefore onìy necessary to do a repetlt'lve summatlon and multlp'llcatlon.
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FICURE 2.15.1 - Flow Chart - trUllCP

TXIT

NNCP = S

s = co!:F"(rFLAC,r,K).Xt(li -1)FOfr K=2,7 P

. COE¡?(IFLAG.I,1)
S

Ð{TER
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2.15.3 Publ 1c Storaqe: (See Sectlon 3)

PUBt_IClCR/C0tFP(,, ), IFLAG

2.15 .4 Local Storaqe

S Summatlon Varlable

Iteratìon VarlableK

2..l5.5 Arqument Varlables

X Contai ns val ue of ax'lal I oad

Steel % belng conslderedI

2.16 Subroutlne ARRANG: Steeì arrangement

2 .16 .I Duty Spec 1f l catl on

Determlne the most economlcal arrangement of steel bars whlch satlsfles the

steel percentage requlrements of the analysls routlnes. A descrlptlon of

coìumn bar bundling 1s lncluded a'lthough the GENESYS system does not at

present permlt 1t.

2.I 6.2 Control I'lnq Parameters

Steel % - PxY ( STTELP(3,'l) )

- PX ( STEELP(ì,1) )

- PY ( STEELP( 2,1 ) )

Stlpuìate that onìy bars of the same dlameter are to be used
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2.16.3 Procedure and Justlflcat'lon

Retrleve the steel percentages to be achleved and perform the

fol I ow1 ng tests:

(a)

(b)

(c)

(d)

(1)

(11)

(1)

(11)

If any of (PX, PY, PXY) are greater than I then EXIT.

If a'll of ( PX , PY , PXY) are less than I then set pX or py

=l dependlng on whlch has the ìarger dlmenslon. Thls wlll
I ead to the largest bar spaci ng.

Calculate the Steel areas to be provlded:

Mono-X AST(l) = STEELP(l,l) * Bl * B2l100

Mono-Y AST(2) = STTELP(2,1) * Bl * 82/100

Biaxlal AST(3) = STEELP(3,1) * Bl * 82/100

Allow the folìow1ng bar slzes:

I 2 ,l 6 ,20 ,24 ,29 ,32,36 mm

Calculate the number of bars requlred for biaxlal bendlng with the

fol lowlng crlterla for each bar s1 ze:

(111)

The number of bars must be an lnteger and a multipìe of 4

Do not allow I bars (because the charts do not apply) and

lnstead use l2

At least 4 corner bars are put 1n.
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Thls leads to the foìlowlng statements

NBIBAR(l)= 4 x INT((AST(3)/ll0)

NBIBAR(2)= 4 x INT((AST(3)/200)

NBIBAR(3)= 4 x INT((AST(3)/310)

NBIBAR(4)= 4 x INT((AST(3)/4s0)

x 1/4

x 1/4

x 1/4

x 1/4

+l)

+l)

+l)

+l)

I 2mm

I 6mm

2Omm

24mm

(e)

etc. .

!,Jhere 110,200,310,etc.. are the slngìe bar areas and NBIBAR ref ers to

the number of 12,16,20,etc... bars requlred.

Determine the effect of the adJacent face bars by flndlng an

equlvaìent number of bars whlch would be equaì 1n capaclty if p'laced

at the same d1 stance from the centrel i ne as the face bars . Thi s

produces the number EFFBARO whlch is the same for X & Y dlrectlons.

Y
I
, X-Face

. These also reinforce X-Fa.ce

X . = X-Face Bars
0 = Y-Face Bars

Y-Face

Flqure 2.16.1 - Ad.'lacent Face Bars

These bars are also relnforcing the X-face by a reduced amount

depend'lng on thelr posltlons relatlve to the X-face bars.

x------

Y

I
¡'ì--------

oo

o o
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The steeì area requlred 1n the X face 1s thus reduced by presence of

the Y-face bars.

The effectlveness of the adJacent face bars 1s glven by the folìowing

relatlonshlps.

(1) If NBIBARO = 4 then no allowance can be made. (Note that

a s1m1 lar sltuatlon could have arlsen 1n the case of

NBIBAR( ) = 8 because the adJacent face bar would be on the

centrellne. However B bars are not permltted.

(11) The number of face bars'ls (1nlt1ally) glven by:

TFACEX(D= NBTBARO * I
(
t-

r FACEY( )J 4

For example:

Fjquf e 2.16.2 - Face Bars

NBIBARO = l6

IFACEXO = 5

IFACEY( ) = 5

Note also that for the purposes of calculating PX & PY face

bars on both faces must be consldered.

X bars provlded = 2 x IFACEXO

Y barsprovlded = 2 x IFACEYO

ooao
o

o

o

ooOO
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Assume q

o
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odd then the f ol low'lng app'l1es:

lineor stroin d i st ribution.

15L.oi.

4.u, lBqr

o
B1

O
Bh

TFAcEX( )

= 1.0

+ 3/4 = 1.5

+ 3/5 + 4/5 = 2.0

+ 3/6 + 4/6 + 5/6

= 2.5

5

O
B5

O
B2

Floure 2.I6-3 IFACEX()lsodd

In the above case, Bl and B5 are aì ready cons ldered as

X-face bars, 83 1s lneffectlve and both BZ and 84 have the

effect of 1/2 bar.

Thls may be followed through a number of bars:

I FACTX( ) =5

I FACEX( ) =7

IFACEX( ) =9

I FACEX( ) =l l

IFACEX( ) =l 3

1/2 = 0.5

1/3 + 2/3

1/4 + 2/4

1/5 + 2/5

1/6 + 2/6

N

N

N

N

N

The relatlonshlp 1s obviousìy llnear but note that the

contrlbutlon 1s 4 x N because there are +ve and -ve bars on two

( symmetrlcal about centrel 1ne) .

tota I

faces

1
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Therefore the contrlbutlon of the slde face bars 1s glven as follows:

r FAcEX( )

r FACEX( )

TFACEX( )

r FAcEX( )

r FACEX( )

TFACEX( )

(1v)

- Not permltted

-4x.5=2

- 4 x 1.0 = 4

- 4 x 1.5 = 6

- 4 x 2.0 = I
_ 4 x 2.5 = ì0

-3

=5

-1
-9

='ìl

= l3

Therefore 1f IFACEXO 1s ODD EFFBAR = IFACEXO - 3

Note that at thls stage IFACEXO = IFACEY0

If IFACEXO is even then the followlng applies:

If IFACEX( ) = 2 then set EFFBAR( ) = 0 because the corner

bars have a'lready been consldered.

Foììow1ng the same method as 1n (111) the foììowlng may be

derl ved:

IFACEXO=4N=1/3=0.33

IFACEXO=6 N = 1/5 + 3/5 = 0.8

IFACEXO=B N = 1/l + 3/1 + 3/1 = 1.29

Slmllar'ly if IFACEXO = 10, N = l/9 + 3/9 + 5/9 + 1/9 = l.7B

IFACEXO = 12, N = l,/ll + 3/11 + 5/11 + 7/11 +

I /11

= 2-27
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Th'ls plots as a stralght ì1ne and uslng the usual method

of findlng the equatlon of a llne then:

If IFACEXO ls EVEN EFFBAR(l = 0.97 x IFACEXO - 2.55

IFACEX( ) = 4

IFACEX( ) = 6

IFACEX( ) = I
IFACTX(¡ = ì0

IFACEX(¡ = r2

- 4 x .33 = 1.33

- 4 x .80 = 3.20

- 4 x 1.29 = 5.14

- 4 x 1.78 = 7.ll

- 4 x 2.21= 9.Og

X&Y
bars

(f)

r FACEX( )

I FACEY( )

EFFBAR( )

+l

AS= 110,200,310

AST(l ),AST(2)

Calculate the number of addl tlonal

satl sfy PX & PY accounti ng for the

biaxlal case as follows:

G1 ven :

face bars requl red

al ready present for

to

the

number offace bars present

= effectlve number of slde face bars

= factor to ensure that 1f the number of bars requlred 1s

between two lntegers then the hlgher of the two 1s chosen.

= glngle bar areas

= reQUlred monoaxlaì steel areas
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Note that EFFBAR( ) 1s muìt1p'l1ed and then dlvlded by the bar area

because EFFBARO couìd be fractlonal.

The addltlonal bars requlred 1n each face are glven as follows:

IDIFFXO = INT(1/2 * ((AST(l) - EFFBARO*AS)/AS))+l - IFAcEXo

IDIFFYO = INT(1 /2 * ((AST(2) - EFFBARO*AS)/AS))+ì - IFAcEYo

Then provlded IDIFFX( ) and IDIFFY( ) are posltlve 1 .e. 1f the blax'laì

steel provlded is insufflclent to cater for the monoaxial loads then:

IFACEXO = IFACEXO + IDIFFXo

IFACTYO = IFACEYO + I0IFFYo

Note that ( 1n1 tlal 1y) IFACEX( ) =IFACtY( ) and that th1 s 1 s not true

onìy 1f bar bundllng 1s to be consldered.

Calculate the cost of each of the seven solutlons- ,The method of

costlng the soìutlons 1s based on the procedure adopted by the

Estimatlng Section, Design Servlces Branch, Englneerlng and Water

Suppìy Department (E & hls).

For estlmatlng purposes the t & !,lS use the

suppìy, bendlng and f1x1ng of relnforcement

at Juìy, ì979):

foìlowlng rates for the

1n concrete co'lumns (as
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$650/tonne - large bars

$700/tonne - smaìl bars

It was declded to use these flgures to flnd the relatlve cost per bar

of the dlfferent slzed bars on a llnear scale wlth l2 mm representlng

the smaìl bar and 36rnrn the 'large bar.

To further slmpllfy the relatlon between the bars 1t was declded to

assume 100 metre ìengths of bar.

Theref ore 'lf

!,Je1ght of N bars

therefore for !..l = I tonne

N= l

N = number of bars

A = <rrêä of one bar (mm2)

S = dens 1ty of steel = -l .-l tonnes/m3

t^l = 7.7 * loo * A * 10-6 * N tonnes
_L

='l .-l * l0 - * A * N tonnes

= number of bars 1n one tonne ô 100m [ong.

Relatl ve Cost/bar
$

1.1 x l0-4 x A

Thl s leads to the fol lowlng tabìe:

Bar Area Bars/tonne Cost/tonne Cost/bar
mmmm2$$

36
32
2B
24
20
l6
12

I 020
800
620
450
310
200
il0

1.273
r .623
2.095
2 .886
4.189
6.494

il.806

650
658
667
675
683
692
700

sl0
40s
3lB
233
163
107

59

r .00
.79
.62
.46
.32
.21
.12

Table 2.16.1 Relative Cost Per Bar



222

If thls ls pìotted on a graph lt appears as follows:
c0 T

1.0

0.8

o.6

O. /+

o.2

Bar Diameter
12 16 20 2/+ 28 32 36

Flqure 2.16.4 Cost Vs Bar Dlameter

The graph

C0ST = Ax

looks parabol ic

+ Bx + C, X =

2

Solvlng the quadratic equatlon glves:

Y .0ìllx2 + .08X + .12
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If a resubstltutlon 1s made then the folìow1ng results arlses:

F( x) YX

0
l
2

3

4

5

6

.12

.21

.32

.46

.62

.80
r .00

.12

.21

.32

.46

.62

.79
r .00

Thus it wouìd appear that the equatlon 1s adequate.

Therefore glven that 0 = l2mm bar= counting varlable l

I = l6mm bar = countlng varlable 2

C0ST = .0lll*(t-l)2+ .08*(I-l) + .12

The total number of bars 1n a partlcular solutlon is

= 21,(IFACEXO + IFACEYO)-4

Therefore COST(1) = (2*(IFACEX(l) + IFAÇEY(l)-Ðrlll)

C0ST( 2) = (2* ( IFACEX( 2) + IFACEY( 2) ) -41*f (2

2

(h)

l.lhere f(I) = .0lll*(I-l) + .08*( I_l ) + .12

Calculate the spaclngs 1n each face and bundle the bars 1f the

spaclng 1s less than 40mm or ì.5(bar dlameter) - Note that the

faciì1ty to bundle co'lumn bars has not been lncluded 1n the

replacement module because the rest of the system does not allow 1t-

However a method of dolng 1t has been lncluded in case the rest of

the system 1s aìtered to permlt bundled column bars.

I

i
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If bundllng 1s permltted 1t should conform to the foììowlng:

Bundì1ng 1s not permltted for bar dlameters less than 2Omm

( I .e. f or bars l2mm and 'l6run)

(11) 0nly corner bars are to be bundled. Thls greatìy

slmp'l lfles the st1 rrup requl rements and al so the settlng

out of the solutlon. Thls'ls consldered reasonable because

the necess'lty to bundle bars usua'lly lndlcates lnadequate

column dlmenslons.

(111) The maxlmum number of bars per bundle 1s 4. Because both

the X & Y faces may need to have thelr bars bund'led, the

total number of bars per bundìe 1 s the sum of those

requlred lndependent'ly for the X & Y faces. Thls flgure

must not be greater than 4.

( 1v) An unsatlsfactory solutlon wlll be'lndlcated by settlng the

C0ST of the solutlon to a very hlgh number such as 10,000.

Th1 s represents I 0,000 of 36mm bars and I s unl 1ke'ly to

occur 1n practlce.
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The method of solutlon 1s as foìlows:

II.

Assume NBUNDX( ) and NBUNDY( ) = 0

Conslder X face and calculate SPACEX( ). If SPACEX( )

1s not w1th1n l1m1ts then lncrement NBUN0Xo

(to a maxlmum of 3) and recalculate SPACEXO.

If SPACEXO cannot be made wlthln limlts then

set C0S-tO - 10,000 and procede to the next

bar s 1 ze.

Conslder Y face as 1n (II)

Test 1f thls 1s the flrst tlme through - 1.e.

if IFLAG = 0.

IfIFLAG=0then:

if NBUNOXO is I set DY = DY - 2 * 0f

and IFLAG = I and goto step ì

if NBUNDYO is I set ¡¡ = DX - 2 * Df

and IFLAG = I and goto step ì

(Th1s 1s necessary because 1f more than I bar 1s

bundled then the spacing 1n the other face 1s

affected )

Test 1f NBUNDXO + NBUNDYO 1s)3 and 1f so set

COSTO = 10,000. Thls ensures that the total

number of bundled bars 1s not greater than 3 -

1.e. 4 bars per corner

Proceed to the next bar slze.

ITI.

IV.

I

vI.

VII.

v

{ DB = bor diometer.
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The calculatlon of SPACEXO and SPACEYO 1s as follows:

I. the number of bars adJacent to the face 1s glven as:

NFACEX() = IFACEX() - 2*(NBUNOX() -])
(see followlng tabìe)

II. the number of c'lear spaces between bars 1s glven as

HSpRCEXO = (IFACEX(ì - (2*NBUN0X(l+l)

III. the above relationshlps may be lllustrated in the

fol lowlng tabìe:

IFACEX( ) NBUNDX( ) =l NBUNOX( ) =2 NBUNDX( ) =3

NFACE NSPACE NFACE NSPACE NFACE NSPACE

2

3

4

5

6

7

I

2

3

4

5

6

7

B

-2t-0
0 fì:- .l l

lf-] 2

2 l--.-1 3

3 l'--14
4 f---15
5 l---1 6

A -ve NFACE lndlcates that there are no bars near the face.

If NSPACE 1s <l then the bundled solutlon 1s not valld-

Thls fact 1s used to check the va'l1d1ty of any bundllng

attempt.

Table 2.16.2 Bar Relatlonshlps
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IV. The spaclng 1s then calculated as foìlows:

SPACEX() = DX - 2*C0V - NFACEX*0B DB = bcr diometer

NSPACEX( )

For exampìe:

IFACE = 7

IBUND = 2

NFACE = 5

NSPACE = 2

Flqure 2.16.5 Bundled Bars

Check whether beam bar spaclng 1s to be consldered and 1f so check

the spaclng and number of face bars agalnst the number allowed by

BCLASH. If thts 1s not satlsfled then set C0ST = '10,000.

For bar slzes greater than that speclfled as the maximum allowed by

the user, set C0ST = 10,000.

If the steel percentage flnally provlded 1s greater than

.08 then set C0ST =10,000.

Determlne the cheapest solutlon found whlch 1s less than 10,000.

Thls 1s done by sortlng through COST and storlng the value of I 1f a

soìut1on 1s found whlch 1s cheaper than the prevlous. An error fìag

'ls set t f the COST turns out to be I 0,000.

(J )
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Check sp'l1ce congestlon (d1v1de SPACEX( ) and SPACEY( ) by 2 whlch

glves the spaclng at a spì 1ce because double the number of bars 1 s

present). If thls 1s not greater than 4Omm or 1.508 then set ISPLICE

= I whlch lndlcates that the bars must be offset.

Des'lgn the stlrrup relnforcement (Sectlon 6.1 and 6.8 1n ASl4B0) For

each bar dlameter:

1 If NBUNDXO or NBUNDYO 1s greater than D

then stlrrup d1a = l0 mm and spaclng = D/2 or BxDB

i 1 If both NBUNDX( ) and NBUNDY( ) = 0

then stirrup d1a = 6 nrn and spaclng = 0 or l6xDB

Where D = the smaller of DX and 0Y. (P9.225)

Note that Sectlon ll.l0.3.l c) v) 1n ASl4B0 allows the floor slab to

provlde lateral restralnt at a spllce. As there wlll be no spllces

w1th1n a column ìength it wi I I not be necessary to provlde extra

lateral support (1n the form of more stirrups) for the offset bars 1n

a spì 1 ce.

Note that steps J, K, L are not lncluded 1n the Repìacement Module

because their functlon 1s carrled out 1n the 0etalling Module.

Put the sol ut1 on 1 nto a form usabl e by the detal I 1 ng modul e of

GENESYS.

If I 1 s the sol utl on number chosen then set DB

dlscussed more fully in Sectlon 4.

4(I+2). Thls 1s
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2.16.4 Publlc Storaqe: (See Sectlon 3)

PU B L I C /C R / ALP ,AS C , B I , B 2 , C L D ( , ) , C 0ST ( ) , C 0 V , t C X , E C y , F K ( , ) , I BA R S ( , ) , I B I A X , I C N T , I E R R

,KSXY,NBI,N82,N0ER( ),NTI,NUTRAL,STEELP(, ),SXY( ),TBLE(, ) Also NBUNDX( ) and

NBUNDYO 1f bar bundllng 1s to be permltted.

2.16.5 local Storaqe

In the foììowing, ,7 is the bar slze lndlcator

represents a l2mmbar

represents a l6nrn bar

I

I

I

l

I

2

+

A

AST(I),I=ì,3
c0sT(I),I=1,7
D

DX] , DYI

s 1de face
EFFBAR( I) , I=ì ,7 Effectlve n

IB Load case n
IFL =0 1f golng
ICOST I value of

Temporary storage of steel area
Steel area calculated from STEELP( I,l ).
Cost of each solutlon
Spacl ng test varlable
Temporary storage for column dlmenslons used when
consldering the effects of the bundled bars on

etc

of slde face bars
producing blaxlal deslgn case
gh SPACEIng for the first time
eapest sol uti on

**

**

umbe r
umbe r
th rou

the ch

+

I0IFFX( I) , I=l ,7 Number of addltlonal bars 1n X-Face
IDIFFY( I) , I=ì ,7 Number of addltlonal bars 1n Y-Face
IFACTX( I ) , I=ì ,7 Number of X-Face bars
IFACEY( I) , I=l ,7 Number of Y-Face bars
ISP Next lnteger value above SP (but not greater than 8)
IX Load case number produclng Hono-X deslgn solution
IY Load case number produclng Mono-Y deslgn so'lutlon
K Homent, d 1 recti on 1 nd 1 cator
MHIGH Moment capaclty 1f ISP were present
MU Applled ultlmate moment
NBIBAR(I),I=ì,7 Number of bars requlred for blaxial solution
NFACEX( I) , I=ì ,7 Number of bars closest to the X-Face
NFACEY( I), I=ì ,7 Number of bars closest to the Y-Face
NSPACEX Number of spaces ln the X-Face
NSPACEY Number of spaces 1n the Y-Face
SP Steel percent provlded
SPACEX( I), I=l ,7 Spaclng of bars 1n the X-Face
SPACEY( I) , I=ì ,7 Spaclng of bars 1n the Y-Face
TC0ST Current lowest cost
Also I Countlng varlable representlng bar s1 ze** 0n'ly used 1f bar bundì1ng 1s permltted
Not used by the rep'lacement module because the system contalns 1ts
own routlne for determlnlng the cheapest solutlon.
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YY

DF¡'B^R(I ) = O
E¡.|.BAR(I) =

r t'AcL\(I )-l
t¡'!'BAR(I) =

I FACíJX

= It¡T(IFAcl:x(I)/?)
FAct:r((r)/2

I¡'^cL\(I) = I!'ÂctY(I) = rlt,lti,lii(I)/i) t I

NITIBAR(l) = 12

=8
t,t8I B¿1t{ (

NEtBAß(r) = 4r1¡1 (((.1s'r(_3)/B^fi) ' ¡¡i) + 1)

¡¡g = 1r( | r t)
bAß =1 r ¡¡g^-7,

IÐFûir
I =l,llT1

AST(I) = STEIX,P(I,1).81.82DO
tutì

I - 1,3

ICCST = 0
TCoST . 10.000
DX1 = B1

DYl = 82

srElLP(?,i = .s1

lìl'tjtxl'(1,1) = .01tJX) DY

;]I TI:R

YN

I t"ìc¡L: (

2

FrcuRE 2.16.6 - I¡l ow Cl'rul'L Âlìtì^NC P¿rlt l
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= Fath 1f bur bundllng Is
noL pclml tted

IISPACE(I
<1

NSPAcE(I) =

rFAce\(I) - (2rì¡8uNDX(r) i 1)

rFAc[x(r) - (?.NBUNDx(r) - l)
IN I'ACEX

cosl(I)-- 10,0o0

))
I]UII DX ( I

NllullDX(I) =
NBUNDX(I) - 1

(10

st,AcEx( I )
(1.5 Du

(DXl - 2.cov - r¡¡'ACEX(I) àDB)/NSPAC8X(I)
r) =SPACEX

0 HSPAC!:X(I)
NSPACÐY ( I )

NFACEX ( I )
NfACEY( I )

= lrAcEx(I)
- IFAc¡lY(I)
= IFAc[x(I)
= IFACEY(I)

ItL = )=0
)=o

I XBUNDX(I
I I/BUNDY(I

(2.(IFACLÌ(I) + IFAcEy(r)-/.) r 9111.(1-1)¿r 08.I ï .12)
COST( I )

IFACEY(I) = IFACEY(I) t IDII'TT(I)
Dr [']"Y ( x)) 0

I¡'AcEx(I) = IFAcËx(I) + IDI¡'Ð((X)rDrl'rx(I)>0

IDIFFX(r) =

IDIFFY(I) =

95..5 . rNr(((ASr(t) - Er[BÂR(r) . ts^rr)/8AR)r1)-rFACD((r)

95'.5, INT(((AST(2) - E¡'[.BAR(I) .8AR)/tlAR)ìt) - IFACET(I)

FICI.IRE 2.16.6 - Fl-ow Chart - ARII,4NC Part 2
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NI]UNDY(I ) =

NIJUIIDY(I) I 1

N

N

Y

Y

Y

- ---ì

YI

= I{r llr i f burrdl i rr¿ no t
¡rt:rnri Ltcd

'tA 6 P¡, r.t ?

cOsr(I) ='10,000

>3

iItJUNDY(I)
IJUNDX(I) t tsct,Âst.|

IfL = 1

DX1=81-2rDB
ItL = 13uilDY(I) > 1

DYI = lJ2 - 2'l-rB
IIL = 1lrL = O tlui¡DX(I)> 1

SPACEY (

(1

NSPACEY(I) =
rI'ACEY(I) - (2.ilrrUNDY(l) = 1

ll¡'rccY(l) =
rF^cr-)Y(r) - 2'(nbuilDr(r) - r)

ICOST = I
TC0s1' = cosl'(I)

Y

cosl(Iù =
1 0, o00

bUNDY( 1

>)

(10

SPÂCIJY ( I )

<r.5 Dts

2¡COV _ N}.ACEY(I) .+ DU) / NSPAC¡JY(DYT -
sP^ctI (I) =

IITIìIIRF ? Fl ov Îi r¡ rt rtRR^r.Íì
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STRSPA = S'IRSPA/?
STIÍìRUP = 1O

EJNDX(TCOST).^
UJN DY ( TCOST) 
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N

STRSPA = 1ó DBSTRSPA

< 16DB

¿ r(rcosr + 2)
DB.

STRSPA = D2

STiìsPA = D1
B1

<82

STItiilUP = C

ISPt,ICE = 1

of <4,0<1 .5 DB
SPACEY ( IIOST) /2

ISPLICti = 1

SPACEX (IJOsT)/2
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3 OESCRIPTION OF PUBLIC VARIABLES

3.1 Introductlon

Thls sectlon describes 1n detall the functlon of each PUBLIC varlab'le used'ln

the module. Included as we'll are the PUBLIC varlables that were used 1n the

orlglnal GTNESYS module but no ìonger requlred.

3.2 Varlables 1n PUBLIC/C0LUMNS/

csP( IPR0P, IN0) : [)eflnes dlmenslons and eccentrlcltles

there 1s no column above the current

data vectors do not exlst.

of al I col umns. If

column then relevant

IN0=l: Propertles

a. ll

relate to column above.

rr rr " consldered

IPROP =l Wldth about Y-Y axls (mm)

-2 rr rr X-X ax1 s ( mm)

=3 Eccentrlcity about Y-Y axls

-4 rr I' X-X axl s

(mm)

( mm)

In addltlon IPR0P may lndlcate varlous propert'les of clrcular or L-shaped

columns whlch are not reìevant here.



GL( rPRoP)

I PROP =l

=2

=4

3

a) tr

Contalns varlous detalls of column propertles - helghts,

shears , and st1 ffness .

Dlstance from the hlghest structural level at bottom of

column to lowest structural level at the top of the column.

Clear helght of current column for bendlng about the Y-Y

axls (mm).

As for 2 but for X-X axls (mm)

Distance from hlghest structural level at bottom of column

to hlghest structural level at top of co'lumn(nrn)

Haximum structura'l thlckness at top of current column (mm)

Maximum shear along X-X axls (kN)

Maxlmum shear a'long Y-Y axls (kN)

Clear helght of column above current column (bendlng about

Y-Y axi s ( n¡m) )

As above for X-X axls

Ratlo of sum of column stlffnesses to the sum of the

beam/flat slab stl ffnesses at the bottom of the current

column for bendlng about the Y-Y axis

As above for the top of column about Y-Y ax'ls

As above for the top of column about X-X axls

As above for top of column above for Y-Y axis

As above for top of column above for X-X axls

(a) structural levels and structural thlcknesses refer to

f I at-s I abs where present, otherwl se to beams

(b) clear helght refers to the mlnlmum clear helght taklng lnto

account both beams and f I at-s I abs .

=5

-6

=-l

=8

-9

=10

=12

='ì 3

=ì4

=15

Note:



IGL( I PR0P, ICoL)

I COL

I PROP

236

Deflnes gr1ds, fìoors and orlentatlon of columns w1th1n

ba tch

number of col umn w'lth1n batch

Engl neer's entry under GRIDI of 1 nput tabl e

Engl neer's entry under GRI02 of i nput tabl e

slashed form " f /f" def lnlng start and end of column l lft
rrFARrr, "RlGHT", uNEARu, or ULEFT" - the flrst face of the

column into whlch a column strlp frames

tlt'le of column strlp framlng lnto the face named under

IPROP = 4( 1n form "gL/92/91"1 related to the grld

references of the columns

Stores references to the columns to whlch each 'loadlng

combinatlon 1n the pubì1c array P applles

Number of load comblnatlon

-l

-2

-3

-4

IP(IC,INo)

INO

-5

=l Contalns the subscrlpt ICOL 1n the publlc

deflnlng the 1th. column to whlch the ìoadlng

appì i es

Indicator to lower or upper column shaft belng deslgned

=0 lower column lift

-'l upper col umn I1f t

IC

KOLUMN

P( IPR0P, IN0) Stores al I loadlng comblnations appl 1ed to the column belng

deslgned and to the column above 1t

INO Number of load combinatlons (maxlmum 1s n + m as glven 1n MSo

array IGL

combi natl on



I PROP =l

=2

-3

-4

-5

=6

23t

Axlal load 1n llft (1nc selft,.l.)(kN)

Moment X-X at head ( kNm)

l¡loment Y-Y at head ( kNm)

Moment X-X at foot ( kNm)

Moment Y-Y at foot ( kNm)

= -1.0 : loadlng contalns wind load

= 1.0: ìoadlng does not contaln wind load

Note:

sT( rPROP)

I PR0P =l

moments are stored clockwlse +ve when the grldllne deflnlng the axls

1s vlewed with 1ts posltlve dlrectlon runnlng from left to r1ght.

for deflnlng characteristlc strengths, cover and klcker slze

=2

characteristlc strength of concrete 1n current column (HPa)

ultlmate anchorage bond stress 1n compresslon for current

column (MPa) (not used in AS ì480 verslon)

maxlmum shear stress f or current col umn 1t'tmm2 )

characterlstlc strength of concrete for column above

current column (MPa)

ul tlmate anchorage bond stress 1 n compress 1 on for col umn

above current column (MPa)

characterlstic strength of maln steel (bars > l6mm) (ltlPa)

characterlstlc strength of maln steel (bars < l6rnm) (HPa)

=3

-5

=6

=1

=4



=12

=13

=8

=9

=10

=l l

=14

=15

=l 6

-2

-3

=4

234

klcker slzer (mm).

cove r

uìtlmate anchorage bond stress 1n tenslon for current column

ultlmate anchorage bond stress in tenslon for column above

current I 1 ft

maxlmum aggregate slze (nrn)

tenslìe force 1n column t1e (kN) 1n X - dlrectlon ( =0.0 1f

none specifled)

as for l3 but 1n Y - dlrectlon

characterl stlc strength of I 1 nk steel ( bars ) I 6mm) (MPa)

characterlstlc strength of llnk steel (bars < l6rnm)(MPa)

The anchorage bond stress 1 s calculated for the concrete

grade and steel deslgnatlon selected by the user for the

respectlve column lift, un'less deflned speclflcaì'ly in the

concrete propertles table.

Deflnes mlscellaneous data

=0:deslgnonìy
> 0 : deta I 'l 1ng requ 1 red

number of columns wlthln Type

fì, number of load cases on column lift to be deslgned

m, number of I oad cases on col umn I 1 ft qbove I 1 ft to be

des 1 gned

Note:

HS( r PRoP )

I PROP =I



=8

=5

=6

=7

=20

=9

=10

=l I

=12

=13

=14

=15

=16

=17

=18

=19

239

- I : coìumn 1s unbraced

= 2 : coìumn ls braced E - t'l onìy

= 3 : column 1s braced N - S onìy

= 4 : column 1s braced 1n both dlrectlons

tltle of group

= 2 : column 1s rectangular

- 0 : column above exlsts

- I : no column above

BATCH number

Deslgnatlon of maln steel ("R", "HY", or "CtâJ")

0eslgnatlon of l lnk steel ( "R" etc)

Hax'lmum bar s 1ze f or corner bars (mm)

Preferred bar slze for corner bars (mm)

Maxlmum bar slze for lntermedlate bars (mm)

Preferred bar slze for lntermedlate bars (mm)

Conc rete Strength (MPo )

Steel type ( 0, l, or 2 speclfled 1n CPll0)

Maxlmum bar slze for beam bars (mm)

- 0 : beam bars slngìe

= I : beam bars pa1 red

- 0 : no beams in Ell or NS dlrectlon

= I : beam 1n E - t,l dlrectlon onìy

- 2 : beam 1n N - S "

- 3 :beam 1n both dlrectlons
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3.3 Var'lab'les 1n PUBLIC/RCSY S

I ISYS Column slenderness marker

-0 slender column

=l short co'lumn

IsPcL Indlcator to whether the load case 'rs a 'light 'load or not

ISYS Load case number under conslderatlon

LDBI(I) contalns pointers to the blaxlal load cases 1n the array sLD (

I = l,N Total number of blaxial cases ln the tufì = N

NSYS Total number of load cases 1n the run

SLt)(I,J) Contalns the considered load cases 1n the analysls stored in order of

decreaslng vaìues of the appl ied axlal load

)

J

I

Load case number

Axlal load (N)

Floment 1n X - dlrectlon (Nmm)

Iloment in Y - dlrectlon (Nmm)

=l

=2

=3

3.4 Varl ab'les 1n pUBLIC/CR/

Area of steel bars taken 1n palrs

Bar slze marker

Number of palrs

AA(I,J)

J

I



ACRTT

ADtú( I )

ASC

BI

B2

cLD( I, J )

J

I =l

=2

=3

=4

=5

=6

=1

=8

=9

2/n1

The crltlcal axlal ìoad va'lue for a deslgn soìut1on

area of steel of bars 1n each roh, 1n both dlrectlons

normal to I
Holds

I and

B

Requlred area of steel for the load case

Wldth of column (mm)

[)lmens1on of column 1n X - dlrectlon (mm)

0lmension of column 1n Y - dlrectlon (mm)

Deflnes the computatlonal results of load case J

Load case number, as 1n SL0( , )

- 0 :load case is not crltlcal

= I : load case used for determinlng steel

Value of axlal load (kN)

Inltlal moment 1n X- dlrectlon (kNm)

I Y_ Í il

= 0 (Dummy)

N / (B x H)

Inltla'l moment 1n X- dl rection /( BH)

In1t1a'l moment 1n Y- dlrectlon /(BH)

Moment'ln X pìus addltlon due to slenderness 1n X dlrectlon

( kNm)

Homent 1n Y pìus addltlon due to slenderness 1n Y dlrectlon

( kNm)

=10



coNS I )

CONS 3 )

coNS 4 )

coNS s )

c0v

cRITLD(I,J)

J =l

=2

2/r2

Conmonly used factors

Cover to maln bars (nrn)

Contalns the maxlmum values of the crltlcal load for a

given bar arrangement lnboth X and Y dlrectlons

X - dlrectlon

Y - dlrectlon

I= l,N !,lhere N = number of arrangements obtalned

DIAH( I) Alternatlve bar slzes for coìumn relnforcement

-l Size l2 mm

51 ze 40 mm=l

EL Effective ìength of the column

EX Effectlve ìength 1n X - dlrectlon

)

)

I



EY

FCU

F IVE

FK( I, ICNT)

I = I,NSYS

ICNT

FY

H

IBARS( r,J)

I 1,7

= B,l4

I CNT

IERR

INIT

1lJ

at')

Effectlve length 1n X - d1 rectlon

Concrete strength (MPa)

Maxlmum steel % allowed

AdJustment factor used I n conJunctlon w1 th the addl tlonal

moment induced 1n the column by 1ts deflection

Loadl ng number

Sol ut1 on number

Steel strength (MPa)

Depth of column w.r.t. load case dlrectlon (mm)

Contal ns the number of bars for arrangements obtai ned 1 n

the run. Inl tial i sed to contal n the symbo'l s "BLu for al I

bar slzes

Polnter to corner bar slze

Polnter to lntermediate bar s'lze 1n X - dlrection

Polnter to lntermedlate bar slze 1n Y - dlrectlon

Number of deslgn solut'lons obtalned for the column

Number of error messages

Harker for the control of subsequent load cases analysls



2lr/*

IhlARN

IZ

KSXY

MBI

NBI

NB2

NBI

N0ER(r)

Not.lR( r ) Contal ns the

the course of

=0

=l

=2

Number of warnlng messages

Counter to the des 1gn so'lut'lon bel ng checked

Polnter to whether beam bar c'lashlng 1s to be consldered or

not

Flag to the load case type

F1 rst load case

Subsequent load case

Calculatlon of cr1 tlcal axlal load

Error fìag 1f comblnatlon vlolates spaclng

Haxlmum number of bars permltted in X - faces

Maxlmum number of bars permltted 1n Y - faces

Number of lntermedlate bars 1n face normal to the moment

d 1 recti on

Contalns the warnlng messages ldentlflcatlon 1f any

encountered durlng the course of deslgn

N60

error messages ldentlficatlon 1f any durlng

des 1 gn



NTI

NUT RAL

OU

PHI

PcLD( r )

I

a) t:

Marker to the maxlmum bar dlameter to

not exceed 8% steeì area ì 1ml tatlon

speclf 1ed s'lze (Integer value I -7)

be used whlch w11l

or = maxlmum user

OR

=0

=l

=l

=2

-3

=4

=5

=6

='l

=B

=9

=10

=ll

=12

=1 3

Ind'lcator to ultlmate fa1ìure type

Tenslon control led

Compresslon control led

Control varlable used by lterate routlne

Control varlab'le used by l terate routl ne

Capaclty reductlon factor

Contalns physlcal propertles of column under conslderatlon

Clear height 1n X - d1 rectlon

C'lear height 1n Y - dl rectlon

Cover to maln bars ln X - dlrectlon

Cover to maln bars 1n Y - dlrectlon

Slenderness ratio 1n X - d1 rectlon

Slenderness ratio 1n Y - dlrectlon

0ummy

0ummy

Column sectlon area

Inertla of column 1n X - dlrectlon

Inertla of column 1n Y - dlrectlon

Ef f ectlve 'length 1n X - dl rectlon

Effectlve ìength 1n Y - d1 rectlon



J

I

PP(J,J)

sFS r)

sFS 2)

SFS 3

sxY( I, J )

=l

-2

=3

=4,Nll

2/*6

Array hoìd1ng the va'lue of app'lled moments 1n the column

l'lft after conslderlng the head and foot moments (1f short,

then the maxlmum of the respectlve head and foot moments

w111 be taken. If slender then comblned moment 1s taken)

Load case counter

Val ue of appì 1ed axlal load

Value of moment 1n X - dlrectlon

Value of moment 1n Y - dlrectlon

polnter to the column reference that the load case appì1es

to

Constants used f requent'ly 1n anaì ys 1 s

Contalns the mlnlmum permltted spaclng between column bars

1n X - Y dlrections when bar cìashlng 1s to be consldered

in detailing

X - dlrectlon

Y - dt rectlon

Spaclng between bars

Beam zone and spaclng between bars 1n column sectlon

Contalns the anaìys1s results of the coìumn

Bar slze 12

Bar slze l6

J

I

=l

-2

=l

=2

TBLE(I,J)

J=l

=2



=NTI

I

XSL

YSL

ZUN( I )

=l

2l*l

Maxlmum bar slze permltted (36rrun)

Area of steel requlred when uslng dlameter correspondlng to

J'th entry

Applled moment dlrectlon, X, Y or both

Value of moment 1n X - dlrectlon

Va'lue of moment 1n Y - dlrectlon

Axlal load value

Maximum allowable moment 1n X - dlrection (kNm)

Bar slze marker

Maxlmum allowable moment 1n Y - dlrectlon (kNm)

Table marker (ICNT)

Slenderness ratlo in the X - dl rectlon

Slenderness ratlo 1n the Y -d1 rectlon

Contalns the value of Nuz, the axlal nominal load deflned

for all posslble corner bar slze used 1n the deslgn of a

column 'l1fe

Slze lndlcator where NTì 1s the maximum corner bar slze

usabl e

=2

-3

-4

=5

=6

=1

=B

=9

I ='l ,NTì

3.5Varlables 1n PUBLIC/CR/: whlch were added for use by the new module

BIAX(I,J)

I

Contalns the consldered Blaxlal Load casaes

=2

Axlalìoad(P/bD)

comblned moment (H x/bD2 * H r/bzo 
r v * E.*

Correspondlng load number 1n SLD( )

Load number

l

v

J

=3



c0EFB(I,J)

21r8

Contalns the coefflclents of the balanced fa1 ìure I lne

shown on the deslgn charts

Llne for Honoaxlaì - X chart

Llne for Monoaxlal - Y chart

Llne for Biaxlal chart

Slope of llne

Intercept on P/bD axls

Contalns the coefflclents of the equatlons representlng the

fa1'lure curves on the deslgn charts

Chart f or l.lonoaxl aì - X

Chart for Honoaxlal - Y

Chart for Blaxlal

Steeì percentage

Coefflclent number

Inlt'lal eccentrlclty tn X - dl rectlon

Inltlal eccentrlclty 1n Y -dlrectlon

Inltlal number of Blax'lal cases found

Polnter to ìoadlng type belng consldered

Monoaxlal - X

Honoaxlal - Y

Bl ax1 aì

I =l

=2

=3

J =l

-2

c0EFP(I,J,K)

K

ECX

ECY

I BIAX

IFLAG

=l

-2

=3

= l rB

= l 17

=1

J

I

2

IMON

=3

lnltlal number of monoaxlal cases found



MoNX(t,J)

I

M0NY(I,J)

I =l

=2

-?

NBUNDX( I )

I =.l ,7

NBUN0Y( r )

I =l ,7

NSYSB

NSYSX

NSYSY

I

2

3

2/*9

Contalns the consldered Honoaxlal - X Load caases

Axlal load (P /b0)
)

Moment (M x/b0' + P *ECX)

Correspondlng load number 1n SLD(,)

Load number

Contalns the consldered Monoaxlal - Y Load casaes

Ax'la'l ìoad (P /bD)

Moment (tl ..2¡20 + P *ECY)'v
Correspondlng load number 1n SL0(, )

Load number

Contalns the number of bundled X -face bars ( 1f bundl lng

perml tted )

Bar dlameter

Contalns the number of bundled Y - face bars (1f bundìing

perml tted )

Bar dlameter

Total number of Blaxlal Load cases 'ln BIAX( , )

Total number of Monoaxlal -x load cases 1n MONX(,)

Total number of Honoaxlal -Y Load cases 1n 1'10NY( , )

J

J



PMAX

PMIN

sL0Pr( r )

I -t

=2

STEELP(I,J)

I =l

_.)
-L

-'¡-u

J ='l

_t
-L

3

250

Intercept of P = 8% curve on P/bD ax'ls on Deslgn Charts

Intercept of P = 0% curve on P/b[) axls on Deslgn Charts

Sìope of P=0% curve as lt crosses P/bD axls

Honoaxlal - X Chart

l,lonoaxlal - Y Chart

Blaxlal Chart

Steel % requlred to cover all loadlng cases

For l,lonoaxlal - X

For Honoaxiaì - Y

For Blaxlal

Steel percentage

Load number ln SLD( , ) from whlch the

percentage was derived
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COI,IPUTER AIDED t)TSIGN OF CONCRETE COLUMNS

APPENDIX 6

METHOD FOR AVOIDANCE OF COLUMN/BEAI4 BAR CLASHING



l

') c,'>

HETHOt)

The method adopted to avold bar cìashlng at beam/co'lumn'lntersectlons 1s as

foìlows:

(a) Select the largest column bar slze the user has glven (default 32nrn)

and pìace 1n each corner bar pos1t1on.

( b) (l ) to the maxlmum poss I bì e ( i . e. I0 rnn
max

(c) Check that the cover to the maximum ma'ln corner bar uCvu glven by (Cl

+ 1*ur) 1s equal to or greater than the maxlmum column bar nomlnal

slze. If not, lncrease cover (Cl ) untll cover to maln bar (Cl +

1*.r) 1s equaì to the nomlnal sl ze of the max column bar Clil*u*

cv = MAX( CM,n"r, (Cl * ì,nur) )

(d) Calculate the theoretlcal maxlmum number of lnternal bars (N), of the

maxlmum user glven s1ze, that could be placed 1n each column face.

Let X = ìength of the long face

Y = length of the short face

Nx=X-2(Cv+H)-B
M+B

Ny=Y-2(Cv+H)-B
Fl+B

Set the llnk bar slze

for bundled column bars)
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H = MAX( BE__.., C7__.., (Beam Aqg + 5) )' max' max "
B = HAX( CM*ur, BZ*ur, (Coì Agg + 5))

cv = ¡¡¡1 cH*ur, (cl * l*u*))

Put the value of Nx and Ny equa'l to the'lnteger part of Nx and Ny

lcJ M 
lBl

M lBl

C

(e)

Flgure 6.1 Tvplcal Sectlon

Nx = No of lnternaì bars 1n X - dlrectlon

Ny = No of lnternal bars in Y - dlrectlon

X = 2(Cv) + (Nx + 2)*M + (Nx + ì)*B

=2(Cv)+2M+B+Nx*(M+B)

Nx=X-2(Cv+M)-B
H+B

Calculate the spaclngs Sx and Sy between lnternal bar posltlons on
the long and short faces as follows:

0n the 'long f ace Sx = X - 2( Cv) - l'l
(Nx + ì)

0n the short f ace Sy = Y - 2( Cv) - l,l

(Ny + ì)



(f)

(g)
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Calculate the locatlon of the flrst lnternal bars on the ìong face

relative to the left hand and rlght hand short faces of the coìumn

f rom:

DIMFì* = (Cv + ü
2
) + Sx (f1rst lnternal on long face)

Also the locatlon of the f'lrst lnternal bars on the short face

relatlve to the long faces of the column from:

0IHFì y = (Cv +M) + Sy
2

If other lnternal bars are posslbìe locate them (or 1t) at successlve

dlstances of Sx or Sy from the flrst lnternaì bars on the face belng

cons ldered' 
I p,r-x I sx I

Flv oo000

o

o

o

o

o

Flqure 6.2 Tvolcal Sectlon

Note that if on'ly one lnternal bar 1s posslb'le 1ts location w'lll be

the centrellne of the coìumn.

FìX = Cv + H + Sx
2

FIY = Cv + l,l + Sy
2

Where Cv = llax (Cmrnax, (Cl + 1¡¿¡))

The locatlon of lnternal bar posltlons once determlned wll I not
change whatever the slze of the bar flnally selected for use.
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The centrellne posltlons of corner bars 1n the column w1 I I however

vary w'lth the bar s'lze selected anrl wlll depend on the bar dlameter

aì though the cover to corner bars a'lways remal ns a constant at

(Cl + l__..) or CM__.. whlchever 1s 'larger. For thls reason, for' max' max

anaìys1s lnternal bar locatlons are not measured from the centrellne

of corner bars but from the col umn' s external concrete faces . For

detalllng the DIMENSI0N DIMF w1 ll be glven from the face of the

corner bar (1ns1de of llnk) as 1n R.C. - BUILDING/1.

(h)

(1)

(J )

(k)

If the number of 1 nternal bars requl red

the maxlmum posslbìe number that could

locations wlll be left unfilled.

for a sol ut1 on 1 s

be accommodated

I es s than

then some

If the maxlmum posslble number of lnternal bars 1s an even

flrst posltlons to be occupled w1ìl be the two nearest to

bars. Addltlonal bars belng added 1f needed 1n palrs at

dlstances "S" movlng towards the centrellne.

number the

the corner

successlve

If the maxlmum posslble number of internal bars 1s an odd number and

the number requl red for a sol utl on 1 s even, procede as 1 n I above

f1ìì1ng the outslde posltlons flrst and worklng 1n palrs towards the

co'lumn centrel1ne.

If the maxlmum possslbìe number of bars 1s odd and the number

requlred for a solutlon 1s also odd, then flrst locate one bar on the

column centrellne and then any addltlonal bars requlred 1n



(l)

2

Number of bors

Where L = l0

H

D

MCZ

HBZ

EBBS

MCBS

c
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palrs starting as 1n I from the outslde locatlons and worklng lnwards

towards the col umn centrel 1 ne.

It should be noted that uJhere the maxlmum posslble number of internal

bars 1s even, on'ly an even number can be used. 1.e. a maxlmum

posslb'le four lnternal bar column can have onìy two or four bars. It
cannot contaln three bars per face because of lack of synnnetry.

!'lhere the maxlmum posslble number 1s odd for exampìe a posslble flve

internal bar column, any number from I up to flve may be used. 0dd

bar arrangements wlll contaln a Uailtne column centreline posltlonI
and for even bar arrangements the column centrellne wlll remaln empty.

ALGORITHM

B

= INT((B - 2( C+L+H))- D)
ll+D

(l1nk slze for bundled bars)

= l'lAX( HCZ, EBBS)

= l,lAX( (l,lBZ,MCBS) ,Coì agg + 5))

= l.l x MCBS

= l.l x MBBS 1f beam bars slngìe

= 2.2 x EBBS 1f beam bars palred

= HBBS 1f beam bars slngìe

= 2 xMBBS lf beam bars palred

= Perml tted max'lmum col umn bar s'lze

= CoV€r to llnk

= dlmenslon of the column face under conslderatlon

= permltted maxlmum beam bar slzeMBBS




