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ABSTRACT

The equations for design of rectangu]ar reinforced concrete columns
are rarely used in actual design due to.their mathematical complexities.
Rather, design aids in the form of tables or.charts, that are sometimes

jnadequate to complete a design, are employed by designers.

This study covers the design of,rectangu]ér reinforced concrete
tied columns under the action of axial load and uniaxial orvbiaxia]
‘bending moments according to the requirements of (ACI'318M-83); Building
Code Requirements for Reinforce& Concrete (1). A microcomputer program
is developed to perform necessarry computations. The program is designed
- interactively and is based on iteration and internal halving techniques.
It performs the design and éna]ysis of columns with known or uhknown
cross sectional dimensions. When dimensions are not known, acceptable
ranges for them must be fed into the computer upon which the program
establishes its own cross sectional dimensions using the maximum range

given for the reinforcement ratio.



OZET

Matematiksel karmasikliklari nedeniyle, diktortgen betonarme
kolonlarin hesabinda kullanilan denklemler, gercek hesaplamalarda
nadiren kulianilmaktadir. Bunlarin yerine bazen ¢ozium icin yeter-

11 olmayan tablo ve grafikler kullamilir.

Bu calisma eksenel yiik a1t1nda tek veya iki ydnde e§ilmeye
mAruz etriyeli dikdortgen betonarme kolonlarin ACI (318M-83'e gbre
hesabini kabsamaktad1r (n. Gerék]i is]emieri yapmak lizere bir
kompUter programi gelistirilmistir. Progrém sorulu cevap]q olarak
dizenlenmis ve iterasyon ve yarilma tekniklerini kullanmaktadir.
Programla kesit boyutlari bilinen yada bilinmeyen kolonlarin
éna1izi ve hesab1 yapilabilir. Boyutlari bilinmeyen kesitler:
i¢in, programin verilen maksimum donati oranini kullanarak kesit

~ boyutlarini tayin edecegi;makul bir boyut araligi verilmetidir.-
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LIST OF SYMBOLS

depth of equivalent rectangu]ar stress block at balanced

condition

: gross area of section

area of tension reinforcement
area of compression reinforcement

width of compression face of member

distance from extreme compression fiber to neutral axis at

balanced condition.

a factor relating actual moment diagram to an equivalent moment

diagram.

distance from extreme compression member to centroid of

compression reinforcement.
eccentricity

eccentricity at balanced condition
eccentricity about x axis

eccentricity about y axis
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modulus of elasticity of concrete.

modulus of elasticity of reinforcement.
specified compressive strength of concrete.
stresskof compression reinforcement.
specified yield stfength of feinfokcement.
overall thickness of member.

hight of building above foundations.

moment of inertia of gross concrete section about centroidal

axis, neglecting reinforcement.

:  effective length factor of compression member:

equivalent 1engthvof compressionimember.

unsupported length of compression‘member.

value of-momént at balanced condition.

factored moment to be used for design of compression hember.
nominal momeﬁt éapacity of section under a certain load.

nominal moment capacitty of section in x direction under a

certain load.

nominal moment capacity of section in y direction under a

certain load. .
factored moment at section < ¢ M, .

value of smaller factored end moment on a compression member
due to the loads result no appreciable sidesway,‘calcu1éted
by conventional frame analysis, positive if member is bent

in single curvature, negative bent in double curvature.
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X N
value of Targer factored end moment on compression member due
to loads that result in no appreciable sidesway, calculated by

conventional frame analysis.

value of Targer factored end moment on compression member due
to loads that result in éppreciab]e sidesway, calculated by

conventioné] frame analysis.

number of stroies in ..¢ buifding.
resultant compressive force in Foncrete.
resu1tént compressive force in steel.
resultant tensile force;‘

column load for ba]anced design .
critical co]umh 1oad./

nominal axial load strength .

fully factored axial load.

nominal axial load strength at zero eccentricity.
nominal axial 1oadvstrehgth of section in x direction-
at certain eccentricity. |

nominal axial load strength of section in y.direction
at certain eccentricity.

radius of gyration of cross section of a compression member.

factor used in the equivalent rectangular stress diagram for

concrete at the u]timatekload. , -

ratio of maximum factored dead l1oad moment to maximum factored

total moment.
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s : moment magnification factor.

sb moment magnification factor for frame§ braced against sidesway.
. moment magnificatioh factqr for frames not braced ;gainst sidesway.
[ é]asticaT]y computed lateral def]éction

€ ¢ compressive strain in concrete

e; : strain in compression steel

va : average of yy and ¥g, (¥ + ¢B)/2

¢A : ratio of the sum of stiffnesses of the compression members to
that of the flexural members in a plane at the upper end of

*

compression member.

v, : ratio ef the sum of stiffnesses .of the compression members to that

of the flexural member;ih a plane at the lower end of compression

member,

wmin: smallest of 17 and Y

strength reducticn factor



1. INTRODUCTION

| The strengfh ca]cu]ations for rectafigular refnforced coﬁcrete
columns under}ax1a1  load and biéxia]‘bending are tedious.Due to their
mathematical complexities, the desigh equations are rarely used in
actual design. Rather,'désign aids in the form of tables or charts

are employed by designers.

The common design procedure 15; for a givén‘eccentricity; to
locate a point on the 1oéd and moment interaction diagram and then
express the re]ationship between bending moment and axial load capacity
for a particular reinforced concrete section. Because there exist
numerous combinations of section geometries andnmaterial pkoperties
for cclumps, the use of design aids is sometimes inadequate for 3
complete - design. Since the interaction curveé of bending moment
and ax1a1_1oad are usually given for squarerco1umns; it is neceésary :

to provide correction factors for rectangular columns.

In addition, the user must‘predeterminé‘the ratio of the
spacing befween the reinforcement oh opposite faces of‘the Sectibn'
and the pvéra]] gection‘dimension béfdre'the design.aids'can Bé, '.1

’  ‘a£p11ed, lwith the increasing availability of higher_strengthiéteels .

énd,concfetes, ahdIWith accurate method of»anaiysis, it is now



possible to design smaller cross sections for a given load than
before. Thus more slender members have come into use, rendering

slenderness effects more important in design.

Sincg the mini and microcomputers are increasingly available,
computerized procedures for design and analysis of reinforced
concrete columns without the need for design tables and charts is
now possible. The design proceduretpresented here is based on
iteration and 1s’written in an interactive mode so that the designer
and computer can respond spontaneousiy. The design method is
- .applicable to the design of tied reinforced concrete columns under
biaxial bending including slenderness effects, and it comb]ies with
the requirements of (ACI 318M-83;Bui]ding Code Réquirements for

Reinforced Concrete (1).



IT. DESIGN PROCEDURE

A1l practicalcolumns are members subject not only to axial load
but also to moment either uniaxial or biaxial. This study covers
short'columns, those where lateral deflections are not significant,
and long columns where deflections due to sienderness have an v
important effect on member strength. In design, the procedure of
(ACI 318 M-83)Building Code Requirements for Reinforced Concrete
(1) will be followed.

2.1 DESIGN FOR AXIAL LOAD AND MOMENT

2.1.1 General Considerations

Design or investigation of a short compression member is based
primarily on the strength of its cross-section. Strength of a cross-
section under combined f]exﬁre and axial Toad must satisfy both stfess
and strain compatibility. The combined nominal axial load, Py, and
moment strength, M,, is then multiplied by the appropriate strength
reduction factor {1} ,é, to obtain thevdesign strength
(Py = ¢Pp, My = ¢Mp) of the section. The vaiue_of ¢ may be increased
linearly from the vélue for compression mémbérs (¢ = 0.70) to the'
value for flexure (¢ = 0.90) as fhe design axial load strength, ¢Pp,
decreases from 0,10 fé Ag or  ¢Pp, whichever is smaller, to zero

(1). A "strength interaction diagram" can than be generated between

¢



the design axial load strength, ¢P,, and design moment strength
“Mps  this diagram defines the usable strength of a section. A typical

schematic strength interaction diagram is shown in Fig. 2.1, illustrating -

the various strength curves for différent ) vaiues;

MaximumVStrain at the extreme concrete‘compresSion fiber is
a]Ways assumed as 0.003.‘ Tensile strength of the concrete is neglected
in strength computations. The equivalent rectangular concréte sfress ,
.b]ock can be used in ]ieu of other comojex stress-strain re13tionships

for concrete ( 1 ),l(Note that the required"stfength (p

-u’Mu) must be

at!]eaSt equal to the structural effects of the load groups which represent
variousfcombinations of loads and forces-to'which a structure may be
subjected. Sinceva11 concrete columns are_subject to some moment bast
-American codes set minimum eccentrities of 0.10 h to be used
for tied columns. The spécifiéd minimum écceotricities"w%re originally
" intended to serve as a means of.reducing the axial design load strength
of,a,section in pure Compression to account for accidental eocentricities
not considered in the analysis, and‘to recognise that concrete strength -

is less under sustainéd high.Toads. The primary purpose was to limit

the axial load strength‘for design of\compression members with smé]] or
.zero computed end‘moments. Forvthé 1983 codethbﬁs accomp]ished direct]y':
by limiting the axial load strengthvof a seotion in pure compression-to

80 percent of the pure axial load strength. -

For tied reinforced members
Pn(max) = 0.80 (Po) e (2.1)
where the pure axial load strength is

Po = 0.85 fc (Ag - As) +fy Ay (2.2)
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FIGURE 2.1 ¢ Factor Increase for Compression Members

where
Ag = gross area of section
fé = specifiéd compresSive strength of concrete
Pp = column Toad for balanced condition

Po = nominal axial load strength at zero eccentricity |



In the intenaction diagram, the axiai‘ioéd capacity decreases as moment

is increased. Any 1Qading that'fé1]s within this area is a pbssib]e
Toading; any combination ontside the area represents a failure combination.
~ Four points along the load-moment strength interaction diagram are |
significant to define the behavior of members subject to combined axial
Toad and flexure. Referring to Fig. 2. 2«(1) pure.compression .+.Pos

(2) maximum ax1a1 load strength perm1tted by the Code ...'Pn(max);

(3) balanced conditions .... Pbs Mp and»(4) pure flexure ... Mp.

For values of axial load strength greater than‘balanced conditions

| Pﬁ>Pb, compression in the concrete controls the strength that is called
compression failure and;: ~for ya]ues of axial load strength less

than balanced conditions Pn<Pp, tension in the reinforcemént contro]s;
the strength that is called tension failure. When the axial load

strength equat-to balanced conditions Pn=Pp, and e=ep then concrete reaches
‘a strain level of 0.003 ét the same time with the yie]ding of steel,

i.e. simultaneous crushing of concrete and yielding Of.steel.
2.1.2 Balanced Loading

Any column, regardless of its’reinforcement,_wi]] reach its
balanced u]timate Toad when the load ts»so placed as to maintain the:v
eccentricity ey = Mb/Pb Ba]ance ina co]umn is a matter of lgading,
and it is more descr1pt1ve to speak of ba]anced 1oad1ng rather than ‘
of a ba]anced column. For a.given'column it is very easy to eStab]isn '
the nominal b&]ancéd']oaJth'and:the dccompanying ep. . Fig. 2.3 shows
-’a'ba1anCed,c01umn load conditionQ: The maximum _stréinzof,D.OOBVin'

‘compression and ,fy/Esrgive cp from similar t?i&ng]es (Fig. 2.3'(c)),

| mostrsimply by‘tninking of,the’lérge dotted triangle.
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FIGURE 2.2 General Form of Load-Moment Interaction Strength



x d | o - (2.3)

vcb = '
0.003 + 0,002
or muitiplying by Es
600 : .
Cp = ———— % d ' (2.4)
600 + f - o
Y
For fc < 30 MPa, ap = 0.85 Cp
Nep = 0.85. fe.b.ap | - (2.8)
. ' Cb - dl ‘ R
g, = —— X 0.003 (2.6)
G

> € than compression steel stress fg = fy otherwise

If e y

fs = ES x ES

Then,
NC2 = As X (fs - 0.85 fc) , - (2.7)
Nt = As X fy : | | (2.8)

These three forces are in equilibrium with Py.

ZFy =0="P, + Nt - Nep - Neo

(2.9)

Py = Ney # Neo = Ny
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FIGURE 2.3 Balanced Column Load
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Area of compression reinforcement
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distance from extreme compression
to neutral axis at balanced
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effective depth

= distance from extreme compression
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reinforcement -

eccentricity at balanced condition

section depth -

- resultant compressive force in

concrete

= resultant compressive force 1in

steel

resultant tensile force

(a) Column Cross Section (b) Side View of

Column (c) Strain Distribution (d) Resulting

Forces
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M about plastic centroid of column = 0

Ny x (h/2-d') + Nt x (h/2-ab/2) + chx(h/zfd')'- Py X ey =‘0

My = Py ox ey = N x (h/2-d") + N X (h/2-ap/2) + N_, (h/2-d") (2.10)

If column steel is distributed a]ongv}four column faces; the
numbers used in finding Pp would be increased by an additional term
for each group of bars falling at different distances from the neutral
axis. Bars very near the neutral axis will not be effective in carrying
stress, for that combination of M and P }any bars near the axis will
have stresses lower than tﬁe yié1d stress. For any given neutral axis
one should sketch the strairﬁdistnibutiondx)estab]ish the status of
nearby bars. The deformation sketch is quite simp1e to use whenever ¢
is known or assumed. It also facilitates the incTusion in an analysis

of bars with fg or f;~ values less than fy.

2.1.3 Other Loading Conditions

Points below the balanced 1oading representing primary failures
in tension steel past the yield strain and e. still 0.003, are easily

found with assumed ¢ values smallier than cp.

Curve points above Py can be established by using ¢ values
greater than ¢, with e =0.003. As c dncreases the tensile steel

stress must drop and the failure is in primary compression,

A1l columns are required (1) to contain longidudinal bars suff-
icient to make the steel ratio, p = AS/Ag, at least 0.01, because

of the shrinkage énd creep stresses on smaller, areas, and p must not —

I



. n
exceed 0.08. At 0.08 crowding in the member is very severe. A family

of curves for a section with given dimensions and Tocations but different
amounts of 10ng1‘tUd1’na1 steel ean be plotted on the same chart as |
shown in Fig. 2.4. For a given steel ratio, there will be one and only
one continuous interaction curve corresponding to that stee! ratio. As
the Tongitudinal steel ratio is increased, the curve moveé farther from

the origin of the interaction diagram.

[
N S f.' =30 MPa -5
L A B B
i S ]
1.25; \ 0\‘:/ //0,1‘0 Eﬁg
~ o\ . «
cg";; H 5 §- 0 e\“’ofb ,o8 $=0.70
= ## eln
0.75g ; # -' W“
of [ RREESRNN 2
: %‘ \\“
0.25F » S— = b e =20
-/——/ , L 1 ,

0.0 0.0 015 020 025 030 035 040
e
Af. h

FIGURE 2.4 Interaction Diagram of a Section with -

Different Steel Ratios p.
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2.2 BIAXIAL LOADING
2.2.1 General Considerations

A uniaxial interaction diagram defines the load moment strength
in a single plane of a section under an akia] 1ead ,P, nnd a uniaxial
moment, M. Many columns are subject simultaneously to moments about
both major axes, especially corner columns. The biaxial bending
resistance of an axially loaded column can be represented schematicly

(see Fig. 2.5) asa surface formed by a series of uniaxial interaction

curves drawn radially from the P axis. Data for these intermediate
curves are obtained by varying the angle of the neutral axis with

respect to the major axis (see Fig. 26 .

When the position of the neutral axis is known or assumed, the
magnitude of the Toad P, and the components of bending moments Mx
and My which result in the prescribed 1imit strain, can be determined
using equations of equi]ibriun. When the position of the neutral axis
is not known, the equations of equilibrium can be solved only by the
method of successive approximations. All Such procedures involve more

‘or less tedious cycles of numericé]_ca]cu]ations. The extensive cal-

culations are compounded when minimization of the reinforcement or

cross section is sought.

For uniaxial bending, it is customary to utilize design aids in
the form of interaction curves or tables. However, for biaxial bending,
because of the volnminous nature of the data and the difficulty in
multiple interpolations, the development of‘interaction curves or tables

for the various ratios of bending moments about each axis is impractical.
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Instead, severa] approaches (based on acceptable approximations) have

been developed that relate the response of a column in biaxial bending

to its uniaxial bending resistance about each major axis.

The nominal'strength of a section under biaxial bending and
compression is a function of three variables Pp, Mgy and My

which may be expressed in terms of an axial load acting at eccent-
‘ P

) n’ n
failure surface may be described as a surface produced by plotting

ricities ey = and ey = as shown in Fig; 2.7. A
the failure load p, as a function of its eccentricities ey and

ey or of its associated bending moments My, and Mpy.

Three types of failure surfaces have been defined. The basic
surface..S] is defined by a function which 1is dependent upon the
variables Pp.ex and e, as shown in Fig. 2.8. A reciprocal surface
can be derived from Sy in whicﬁ the reciprocal of thé nominal axial
load P, is employed to produce. surface Sy (1/P,, e, ey) as
illustrated in Fig. 2.9. The third type of failure surface, shown
in Fig. 2.10, 1is obtained by relating the nominal axial load Py
to moments Mpx and M,y to produce surface Sj (P s Mx » Mny).

- Failure surface Sy is the three dimensional extension of the uniaxial

interaction diagram previdus]y described.

2.2.2 Bresler Reciprocal Load Method

A number of investigators have made approximations for both
S2 and S3 failure surfaces for use in design and analysis. The

simplest and the general one of these approximations is the Bresler

Reciprocal Load Method.
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eX
' P .
< ) n :_ﬂ ey! x
(Reinforcing bars Mny= Prey
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FIGURE 2.7 Notation for Biaxial

Loading

Failure
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S{Pn.ey,e,)

\\\Wv.

D el e

N

I
;

N
N

J
€y

FIGURE 2.8 Failure Surface Sl



Failure surface :
— Sz (I/Pn,ex, ey)

€x

FIGURE 2.9 Reciprocal Failure Surface s,

-Failure surface
83 (Pﬂ v Mnx [} Mny)

FIGURE 2.10 Failures Surface S3
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This method approximates the ordinate 1/P,, on the surface
52 (1/pPy, ey ey) by a correspond1ng ord1nate 1/Pn on the p]ane
52 (1/P - ey) which is defined by the character1st1c po1nts |
| A,B and C as 1nd1cated in Fig. 2.11. For any part1cu1ar Cross sec-
tion, the value Py (corresponding to point C)} is the load strength
under pure axial compression; Pox (corresponding to point B) and
Poy (corresponding to point A) are the load strengths.unden v
uniaxial eccentricities ey and ey, respectively. Fof every
point on the surface e52 (1/Pn, ey, ey),v'tﬁere is a corresponding
plane Sé (]/PA, exs> ey). The appfoximation'of S, involves an
infinite number of planes, each one app?i;ab]e only for particular
values of eccentricifies ex and ey, and thus each plane defines -
only one. point 1/Pn which serves as an approx1mat1on to 1/Py.
Each point on the true surface is approx1mated by a d1fferent plane;
therefore, the entire surface is approx1mated us1ng an 1nf1n1te numberr‘

of planes.

The general expression for any values of e, and ey- when

derived yields the following equation :

UL ; . @y

Reerrangingthe-VariabieS“yie1ds:

,Pn;—.} : : — . L e L 7 S (2"/12) ,
(]-/Pox)‘ + (]/Poy)v - (]v/POI) o :
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FIGURE 2.11 Reciprocal Load Method
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This equation is simple in form and the variébles are easily determined.
Axial load strengths P,,Poy and Poy are shown in Fig. 2.12 . As
an approximate method it is one of the best when resulting P is greater

than 0.1 fc A,. If P, is Tower than the balanced design level

g
(0.10 f¢ Ag level) the errors by this method can increase. In typical
cases it is then on the safe side to design for biaxial moment alone,

since tension failure then controls.
- 2.3 SLENDERNESS EFFECTS
2.3.1 General Considerations

Design of compkession members shall be based on forces and moments
determined from analysis of the structure. Such analysis take into
account influence of axial 1oads and variable moment of inertia,member
stiffness and fixed-end moments, effect of deflection on moments and

forces, and the effects of duration of loads.

In lieu of the procedure prescribed above, slenderness effects
in compression members may be evaluated in accordance with the approxi-

mate procedure presented below.
2.3.2 Approximate Evaluation of Slenderness Effects

The approkimate moment magnification procedure is similar to
the method used for structural steel design. The moment magnifier §.
is a function of the ratio of the axial load to the critical or

buck]inglload of the column. the ratio of the moments at the ends
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Y s ‘%’l
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FIGURE 2.12 Bresler's biaxial loading (a) Biaxial moments (b) Eccentricity

about X axis (c) Eccentricity about Y axis (d) Axial load alone



21 -
of the column, and the deflected shape of the column.

~—

The objective of column désign is the selection of a cross
section with reinforcement for a specified cohbination 6f facforéd
axial 1oad-,Pu5 and factored moment Mu.v A co1umn.is said to be
S]enqer if its cross-section dimensions are small in comparison with
its length. The degree of s]endérneés is eXpreésed in terms. of the
slenderness ratio,kz&/r, where Kk 1is the effective 1ehgth }actor
which is dependent on end conditions of the compression member and
bracing aginst sideway, and r is the rédiﬁé of gyration of the
cross-section of the member. Concépts of three ranges of slenderness
ratios are given along with column design methods proposed for each

range.

More than 90 percenf of the columns in braced frames and 40
percent in unbraced frames fall into the cﬁassification in which

setondary moments can be diSregarded andA&n]y the axial load and

_ primary moment used to select the cross section.

 Within moderate slenderness 1imits, thevapproximate analysis
based on a moment magnifﬁer is suggested. Whenever the slenderness
| of a column or membér exceeds modérate slenderness a more rational
second-order analysis jsvrequired. No upper limit  for s]endefneés
are given. When high slenderness ratios are encountered. The analysis
shall take into account the design procedure preséribed above. |

Slenderness effects are considered for both braced and unbraced Frames.



' a. ‘Decision For Type of Frame °

Secondary moments due to deflection of the member *. great]y
depend on bracing aga1nst s1desway A structure may be assumed ‘
braced if it dis supported by brac1ng e]ements (shearwalls, shear
trusses,‘or other typesrof 1atera1 bracing) and the fo110w1ng exp-

ression is realized (7),

-~

For n > 4, where n is number of stories in building

o L |
H —%— <06 | 0 (2.13a)
TEc Iy :
“For l<n<4
H ——— <0.2+0.1 18 . ' (2.13b)
T I

b. Unsupported and Effective Lengths’

The unsuppdrted 1en§th ,zu,rpf,a compression member,is to be
_taken as the clear'distance between lateral supports as shown in
| F1g 2.13. It is also to;be understood thatlihe length 2u‘ may
~ be d1fferent 1n each of the pr1nc1pa] axes of the compress1on members.
The radius of gyrat1on may be taken_as 0.3 of the overa]],d1mens1on

of a rectangular section .(*1)  (Fig. 2.14).



FIGURE 2.13 Unsupported Length (4,)"

h r=20.3h

T
1

b
r=0.3b

FIGURE 2.14 Radius of Gyration

(2.14)
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"A short eo]umn may'fail due to a cdmbination of moment and axial load
which may ‘exceed the strength of‘the'cross-section.b This type of failure
1$‘known és a “materia]lfailufe“. As'an_i11uStration, consider the column
~ shown in Fig. 2.15. The eo1umnvhas a deflection A which will cause an
additional moment in the column. In the'ffee body diagram, it can be seen
thaf’thej‘maximumvmoment in the column occurs at section’ A-A and this
is equal to the applied moment p1us-‘ the moment due to the éeflectfon,
that is M = P(e +0). In‘the interaction curve, the fai]ure'of a shortf
column occurs at any pointvalohg the curve depending on the combination

of moment and axial Tload applied. As mentiened above,'same deflections
wbu1d occur and a "materia1 faiTure"kwou1d result when the Toad P and
M=p (e +A) combination intersects the particuTar-cross-section
_1nferaction curve. If the coTan’is very slender; it may reach e
deflection due to the exia1‘f0rce ,P, and moment  P,e, such that '
“deflections can increase indefinitely wifh small {ncreases in load, P.
*The chenge in moment occurélwithout any increase in 1oad._ This type

of failure is known as a "stabi]ity fai]ure“_and may occur in a slender

column,

The basic information on the behavior of straiéht, concent—
rically loaded slender co]umne was developed by Euler more than ZOOJff-
_years ago. It stafes that a member w?]] fail by buckling at the critical
lToad P¢ = G EI/(ze) , where ge is the effeetive Tength kzu.'-For"
a very. sthky column, the value of buck11ng load ca]cu]ated from this
equat1on exceeds the d1rect crush1ng strength * For more slender. members that
is for larger kzu/r va]ues, the fa11ure occurs by buck11ng, with

buck11ng load decreas1ng for greater s]enderness (F1g 2 16). Hence a

'fam11y,of s]ender column 1nteract1on d1agrems for members of yary1ng .
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FIGURE 2.15 Interaction in Slender Columns

Bocmu ONIVERSITESE KOt 1.0



PfoH S S
m2ET
(k£y)2

- | —p

|
|
X

crushing . | buckling
|
|
|
1

klu/r

FIGURE 2.16 Column Curve

FIGURE 2.17 Slender Column Interaction Diagrams
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S1endernes$ ratios can be developed as shown in Fig. 2.17. The interaction

for key/r = 0 s that which corresponds to the combination of moment and
loads for a particular section with reinforcement as in a short column.
’The shape of the interaction curves for higher ‘kzu/r values is'dependent

on the moments applied to the column. -

In the critical load giveh by the Eular equatidn'an originally

straight member buckles into half sine wave as shown in Fig. 2.18(a).:
In this configuration; behding'moment IEAééfs at any section where A.is
the def]ectjon at that pbint. This defiecfion continues\to 1ncrea$e
until the bending}stress caused by the increasing moment, together with
the origina1 compressibn stress, exceeds the compressive strength and
the member fai]s; - The effective length % (kiy) is between pinned ehds,
iéro moments or infléction points, and_ih thisrca;e is equal to the
unsupported length 2. If‘the member is fixed againsi rotation at both
ends, as shown in Fig. 2.18 (b),'ﬁt will buckle in the shape‘shown.
ﬁf]ectionlpoints will otcur as\shown and the effective length gg (kzu)
will be one half of the unsUpported 1ength, When Eu]ef's equation is
app]fed to this column, the column wi]] carry four times as much load
as when ends are hinged. Rarely afe columns in real structures either
hfhged or fixéd,rrather they .are paktia11y restrained_against rotafion
by abutting members and thus the éffective Tength will occur between
/2 _and‘ %2y as shown in Fig. 2.18(c)« The preciSejva}ue will depend .

- on the rigidity of the members abutting the column,

A compkession member that is fixed at one end and'entirE1)rfree at' 
‘the other end would buckle as shown in Fig. 2.19(a). The.UPPEf‘end'would‘_
move 1atera11y in respect to the Tower. This is known as-sidesway-v The -

,.ihflettibﬁ points WOuldYOCCur at the upper end of the member and thus
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would be similar to the upper end of the sine curve.v,Theleffective
Tength would be twice the height. If the column is fiked against
rotation at both ends but one end can move laterally, it will buckle‘;.

- as shown in Fig. 2.19(b). The effective ]engfh would be equal to |
| the height with an 1nf]ection point sccuring as shown.'}If the buckling
| load of the column in Fig. 2.19(b) were compared to that of the column
in Fig. 2.18(b) which is braced against sidesway, it wou]d:be only a
quarter of wheh. sidesway is permitted Aga1n, rarely are the ends of -
columns either h1nged or fixed, but rather they are partially restra1ned
against rotation by abutting members and thus the effective 1ength,
where sidesway is not prevented, will vary between‘ %, and « as.
shown in Fig. 2.19(c). 1If, on the other hand, the beams are fairly
flexible, a binged condition is approached dt both ends and the structure

would not be very stable.
In summary, following comments can be made :

1. For columns braced against sideswayf the effective Tength %511s
e between g,/2 and g,, where g, is the actual unsupported
1ength’of column.e
;2. For co]umns4ndf bra;ed egaihst sidesway the effective Tength
s always 1ohger than the ectua] length of the column g,
-~ and may be more 1ike ’22 and higher. A value of Le Or
kxul less than 1.2 for columns not braced against s1desway

norma]]y would not be rea11st1c.

In computing the effect1ve Tength factors for braced and unbraced
members, the equat1ons taken from the 1972 Br1t1sh Code of pract1ce

,can be used(zyFor braced compression members,,an upper bound_to the -
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effective length factor may be taken as the smaT]er of the following two

expressions,

o
]

0.7 + 0.05 (wA + ¢B) =1.0 (2.15a)

0.85 + 0.05 y . = 1.0 (2.15b)

o
]

where Up and ¥y (Fig'. 2.20) are the values of ¢ at the ends of thé

column and is the smaller of two values

ll’min

—=cols
% (2.16)

T —El—-beams

FIGURE 2.20 Ratio of Relative Stiffnesses (sidesway Prevented)

For unbraced compression members restrained at both ends, the

effective length may be taken as (Furlong Equation) (2} :

U, | S N (2.17°)
For <2, k=z———m— V1 +y, A7
For v, >.2, k =097 1 + yy ' | (2.18)
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where y. 1is the average of the ¥ values (Fig. 2.21) at the two ends

of the compression member.

Z EI/g cals
w: —_—————

z~—E—I—-beams

FIGURE 2.21 Ratio of Relative Stiffnesses (Sidesway Not Prevented)

c. Consideration of Slenderness Effects (1)

For compression members braced against sidesway, the effects of
slenderness may be neglected when kiu/r is less than 34-12 M]b/MZb
For compression members not braced'against sidesway, the effects of

slenderness may be neglected when k&y/r 1is less than 2Z.

The upper 1im1t for compression members which may be designed
by the approximate method is key/r equal to 100. When key/r is
greater than 100, an ana]ys1s which takes into account the 1nfluence
of axial loads and variable moment of inertia on member stiffness and
fixed-end moments, effect of deflections on the moments and forces,

and.the effects of the duration of the loads, must be used.



d. Moment Magnification

Compression members shall be designed using the factored axial
Toad Py from a conventional frame analysis and a magnified factored

moment M defined by
- M = &, M2b + 8 MZS v - | (2.19)

where

& = ———— > 1.0 (2.20)

5 = > 1.0 . (2.21)

and

LE____ (2.22)
(key) |

iPu and zPc are the summations for all columns in a story. For
frames not braced against sidesway, both 8, and 8 shall be
computed. For frameé braced against sidesway, &g shall be taken
as 1.0, In ca]cu]ation‘of Pc, k shall be computed according to
~equations (2.15a) and (2.15b) for & and according to equations

(2.17 ) and (2.18 ) - for 5.

In 1ieu of a more accurate calculation, EI in Eq.(2.22) may

be taken either as

7
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(Ec 1g/5) + Ec 1 -

- gr-4 S ‘se

El = » (2.23)
1+ Edt« ,

or conservatively

El = (2.24)

1 + Bd

In Eq. (2.20), for members braced against sidesway and without transverse

toads between supports Cp may be taken as

My B
Cq = 0.6 + 0.4 —12_ | (2.25)

Mop,

but not less than 0.4.

For all other cases, Cy shall be taken as 1.0.

If computatiens show that there is no moment at both ends of a
braced compression member or that computed end eccentficities are less
than (15 + 0.03 h) am, Moy in Eq.(2.19) shall be basedvon a minimum
eccentricity of (15 + 0.03 h) mm about each principal axis seperately.

Ratio Myp/Mpy 1in Eg. (2.25) shall be determined by either of the

following :

(a) When computed end eccentricities are less than (15 + 0.03 h)

mm, computed end moments may be used to evaluate M]b/MZb in

Eq. (2.25)

(b) vacomputations show that there is essentially no moment at

’
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both ends of a compression member, the ratio M]b/Mzb shall be

taken equal to one. A

If computations show that there is no moment at both ends of a
compression member not braced against sideswéy or that computed end
~ eccentricities are less than (15 + 0.03 h) mm, Mo in Eq. (2.19) shall
be based on a minimum eccentricity of (15 + 0.03 h) m about each

principal axis separately.

For compression members subject to bending about both principal
axes, moment about each axis shall be mangified by §, computed from

corresponding conditions of restraint about that axis.
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111, PROGRAMMING

The arrival of the personal‘microca%puter _at" . homes and desigh
offices of struétural engineers brings a number of eXciting opportunifies
- and challenges for fmproved productivity, and_better designs, from stand-
"points‘of both accuracy and ecohomy. The caqu]ation§ required for
reétangu1ar reinfofted concrete co]umns’are comq1ex and lengthy, conse-
N quently various design aids have been published to simp]ify‘cé1¢u1ations,

or to near1y eliminate them.

These design aids are certanly wdrthwi]eﬁ but are, in some cases
1imitedIhﬁoughtbe'use of a computer program such as this the engineer
is afforded maximum creativity, yet spared the necessity of repetitive

calculations.

Thfs program was developed for an App]e,IIfcomputer Qith 48 Klbytes
| Random-Access-Memory;: The conversion}to’other versions. of the basic ‘;,
programming 1anguége should be stkaight—forward.The proaram . is se]f -
explanatory. This is.accomplished by insektingllREM statemeﬁts at |

the begining of éaéh subroutihe.‘
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3.1 GENERAL METHOD

The program is based on twovre1ative1y simple ideas. First, for a
‘given reinforced concrete cross section, if. ‘the depth to neutral axis
at the strength condition compression face strain of 0.003, is known,
‘ the corresponding axial load and eccentricity (or moment) can be computed
- by the strength design methods .of (ACI ‘3184-83). Second,:the solution -
“to avvariaty of prob]gms can be reached through the method of interval
halving technique, a successive approximation procedure. With these
two ideas in mind,a solution scheme can be deve]oped.based on the idea
of the load-moment interaction diagram, and framed in the context of

either analysis or design.

Load-moment interaction diagram of Fig. 2.2 can be idealized as

shown by the curve 0-A-B-C of Fig. 3.1

LOAD

MOMENT

FIGURE 3.1 Idealized interaction diagram

[
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The horizontal line OFA represents the upper limit of useble
strength (Eq. 2.1) recognized by(ACI 3]8M¢83l8uiiding code Requirements
for Reinforced Concrete (WThe commentary to (ACL: 318M-89 suggeststhat point
"A" s essent1a1]y the same as the point on the interaction d1agram
correspond1ng to. load eccentr1c1ty of h/]O Line A-B represents
compression fa11ure where point "B" is the condition of balanced
failure. Line B-C represents tension failure where point “c" repre-
sents the section capacity in pure f]exdre Reg1on 1 then represents
a minimum eccentr1c1ty, or maximum load cr1ter1an region 2 is a zone
~of. compression failure, and region 3 corresponds to tension

failure.

Fig. 3.1 might represent the theoreticai, or "nominal" capacity
of a particular column section. For design, the eapacity should be
reduced by some factor (as shown in Fig. 2.1), 0.7 for tied columns

as explained before. Fig. 2.1 can be idealized in the form of Fig. 3.2.

- NOMINAL

LOAD - |

 DESIGN

MOMENT

 PIGURE 3.2 Nominal and Design Interaction Diagrams.
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For reinforced concrete columns, a particular cross section

and réinforcemeﬁt,1ayout will be adequate for a load and momenf
combination if a point which represents the factored design 1oads

lies inside the design interaction curve. Thus, the checking process
involves a particular column, and defermining ff‘the load and moment
point falls inside the curve. A similar approach is taken for design.
A trial section is first assumed, it is checked, and if found not
adequate, a revised section with greater capacity considered. If the
section is adequate, it is accepted, but the search continues for a

more economical section within particular design constraints.
3.1.1 Determination of Interaction Diagram

The interactidn diagram for a particular rectangular cross
section depends on concrete and steel strength, section geometry,
steel amount and layout. Any combination of axial load and moment _
can be treated as an_eccentric axial load with the same magnitude,
| since M = P.e. To check a given load case it is convenieﬁt to

determine the column capacity at the particular eccentricity.

The approach taken in the program is to find the resultant
load and moment.(eccentricity) corresponding to a particular assumed
heutra] axis in the rectangular crbss-section. This requires that
force magnitudes and resultants be determined for the concrete, and
various réinforcing elements, as shown in Fig. 3.3. A subprogram
is provided to evaluate the resultant load and eccentricity for

an assumed neutral axis in the rectangular cross-section.
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| For‘the PUFPOSGS’of this,prbgrém, thefsteél reinforcement is nof
N cpnsidered as . individual bars, but rather the steel,is smearéd thro-
ughdut the section as an equivalent "I" shape as ShoWn in Fig. 3.3 (b).
Thé symbols indicated .on this figure‘corkéspond“to the identifier
names used to code the program in App]esoft'Basic._ They are described
in the dictionary of identifiers which is given in AppendixIII. The |
aﬁounfof side steel at yield stress level is calculated by |
'propbrtioning the depth of uniform stress level to the depth of web of -

-

"I" shape reinforcement.

0000 08 —C
. Cl~ C ¢
.O 0 D2 _ CD le——C3
ol [AE 02 TY L -T2
0000 - | 1E | e
- ] [
(@ ) ) (d) ()

FIGURE 3.3 Cross Section with Strain~Diagzam and Force*Resultants»

©(a) Actual bar layout (b) Ideallzed relnfbrcement

(b) Stzaln dlagram (d) Steel stresses{e)Fbrce resultants

For a given neutra] axis pos1t1on the resultant 1oad and moment .
(eccentr1c1ty) can be calcu1ated cons1der1ng F1g 3. 3 as the fo]]oW1ng




critical distances :

H2 = SH/2
CD = C-DP
TD = D-C
YD = EPYXC/K3
JD = D-DP
CP = CD-YD If CP<) then CP =10
TP = TD-YD - If TP<0 then TP =0
Critical Strains: _
CE = CD/CxK3
TE = TD/CxX3
CF =EPY, If CP=0 THEN CF = CE
IF = EPY, If TP =0 THEN IF = TE
Quter Face Steel Stresses
CS = K26xCE If CS>FY THEN  CS = FY
= = FY

TS = K29xTE If TS>FY THEN TS

- Force Resultants :
a) Compressive .
€1 =.(CS - 0.85 x FPC) x AE
€2 = (FY - 0.85 x FPC) x AF i CP/JD
€S/2 x AF x (CD - CP)/JD
0.85 x Z1 x FPC x SB x C

c3

cc

3.1 (a)
3.1 (b)

3.1 (c)
3.1 (d)

3.1:(f)
3.1 (g)

3.2 (a)
3.2 (b)
3.2 (c)
3.2 (d)

3.3 (a)

3.3 (b)

3‘4,(3)
3.4 (b)
3.4 (c)
3.4 (d)
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b) Tensile :

TSxAE o | 3.5 (a)

T =
T2 = FY x AF x /D - f 3.5 (b)
T3 = (T5/2) x AF x (TD-TP)/dD ” 3.5 (c)

c) Axial Force
=CC+Cl +C2+C3+-T1 -T2 -T3 3.6
d)- Moment

M=CCx (H2 - 71 x C/2) + C1 x (H, - DP) - 3.7
€2 x (H2 - DP - CP/2) + C3 x (H2 - DP - CP
- (CD - CP)/3) + T1 x (H2 - DP) + T2 x (Hx - DP
- TP/2) + T3 x (H2 - DP - TP - (TD - TP/3)

‘e) Eccentricity
=MpP | | . 3.8

If the column is'biax5a11yvloaded; the capacity in the other
~ direction is calculated by repleciﬁg width to depth, depth to width
and  flange keinfdkcehent to web, web reinforcement to flange.

The web reinfofeeqent' AF is d1veded 1nto two, AF/Z,and ‘treated |
’_as f]ange re1nforcement the flange re1nforcement is mu1t1p1éed by

two, 2 x AE_ and it is treated as web re1nforcement .(Append1x I,

on 11nes 4450 and 4440 respect1ve]y)
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3.1.2 Interval Halving Technique

| The 1nterva1 ha1v1ng is a simple searching a]gor1thm useful

where a parameter var1es monotonous1y between two 1imits. As an
:examp1e cons1der f1nd1ng a number between 1 and 100 Suppose‘the
number.that must be found 1s36andthe first guess is 50 = (1 + 100)/2 and
k1t is then told the guess 1s h1gh then uncerta1nty is ha]ved by
' making a second guess of 25 = (1 + 50)/2, -and the guess is low this
time, the 1nterva1.of uncertainty is halved again. The third guess
must be 37 = (25 + 50)/2. After several additional cycles the
number w1]1‘either bevguessed.exaCt1ygorvthe remainjng 1imits}of~¢he
, interval will converge to make the ansuer Obvious. This approach
v 1s‘also applicable Whereasearch is made for an answer that is close

enough. For examp1e,'p1us or minus 1 of the right answer might be
a to]erab]etua1ue So the right number is reached in three guesses..
Th1s 1atter approach is genera]ly necessary when search1ng non1nteger

va]ues

In the program the’method of interval halving technique is

: used in two Ways for both ana]ysis and design.

The pr1mary application is in analysis. Tt is used in the" subprogran

'(Append1x I between Tines 3490 and 3650) which determ1nes axial load
'_capac1ty for a spec1f1ed eccentr1c1ty. -S1nce ]oad capacity decreases
with eccentr1c1ty, the re]at1on—sh1p is monotonous Unfortunate1y, o
eccentr1c1ty tends toward 1nf1n1ty at very Tow 1oads, SO 1t is not
, conven1ent to use eccentr1c1ty in the 1nterva1 halving procedure

exp11c1tehy Instead the depth to neutra] axis, € is used since

' there are phys1ca1 11m1ts to 1ts va1ue. The depth to neutra] ax1s,"
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. ‘v/"

Cb correspond1ngtb»aba]anced condition is used as the initial va]ue to
beg1n the iteration. If the eccentr1c1ty found is greaterthan the actual
value thenvthe C value for the eecond iteratioh is increased by the
application of internal ha]ving‘between the firSt value. Cb and the higher
value CL =1, 5xD then new depth to neutral axis C is (Cb + CL)/2..
If the eccentr1c1ty 1s less than the actual value, then the C va1ue for
.the second 1terat1on 1s ‘decreased by the application of the 1nterva1 ha]v1ng
'between the first value Cp and a 1ower va]ue correspondingto pure. flexure.
These tr1a1s continue unt1] f1nd1ng an eccentr1c1ty that is to]erab]e.
~In this program, the to]erab]e limit, is plus or minus 5% of the actual
‘eccentricity. When the,trial‘eccentricity falls betweenrthese Timits

. then iteratidn stops. In the desﬁQn,interva] ha]ving is used to find the
appropriate reinforcement for a specified cross sectien and choice of
matenials‘ First, the mextmum reinforcement ratio given is checked if

it 1s adequate then 1nterva1 ha1v1ng is used between maximum and m1n1mum
reinforcement rat1os in order to find theappropnate ratio. (Append1x I

between Tines 4630 and 4690)
3.1.3 Program Capabfl ities-

The program is capable of analysis and design of reinforced
concrete columns under axial load and uniaxial or biaxial bending!mument
when the program is run,  main menu will appear on the screen as

shown below :




RC. COLUMN 1.0
PROBLEM MENU :

- o o= o A = - -
- e e A = - -

UNIXAIAL
BI-AXIAL |
CHECK A DESIGN

UNIAXIAL, INPUT SECTION
UNIAXIAL, FIND SECTION
BIAXIAL, INPUT SECTION

- BIAXIAL, FIND SECTION-

ENTER TYPE OF PROBLEM

OR '¢' TO QUIT ' .....

It must be entered the numbef of the chdice.

3.2 METHOD OF ANALYSIS

In the analysis menu of the program there are three choices.

1 - Uniaxal bending

2 - Bi-axial bending

3 - Check a desdgn
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3.2.1 Analysis

For ana]ysis of .any section, the user must input concrete and
’ steel strengths, cross section properties, numben si;e and layout of
rejnforcing bars, capacity reduction factor, and the load and moment

(or eccentricity) for which tne capacity is~tnvbe- cheécked.

To make the program as "U$er fr1end¥ "as poss1b1e many of these .
parameters are estab]1shed by defau]t and the user need only change
the value as desired the new values become the default condition for

Succeedinq prob]ems.

When the program is rnn and main menu anpear on the screen, "o

for uniaxial analysis and "2" for biaxial analysis must be entered.
| - Then program goes to the subroutine GET LOADS (Appendix I between

“lines 2890-3140) Capacity reduct1on factor will appear as 0 7 on
the screen unless another value for it is fed in as the new.:value

1 might be input if the factored 1oads have been previously divided

by the,capecity‘reductionvfactor. The axial.]oad, PN, and moment M,

or eCCentricity,E,are entered. If the analyeis is biaxial then moments
(or eccentricities) in both x and ¥ directions are entered. If
moments are entered»eccentrfcities; E = M/P, if eccentricities are =

'entered momen‘cs,.M,'= P.E, are ca]culated.

The material propert1es (Subroutine GET MATERIALS Append1x II
, between Tines 3190 2350) will be se]ected next. On the screen concrete -
strength as 30 MPaand stee] strength as 400 MPa w1]1 appear. If the |
mater1a1 propert1es are d1fferent new values must be entered W1th ,;:
these values beta- 1 (as 21) of (1) and. steel y1e1d strain - Es(as EPY)

'are ca]tu]ated in th1s subrout1ne,
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Then, section geometry (subroutine INPUT THE SECTION, Appendix I
between Tines 2560-2650), section width, B and depth H and cover to bar

centerline DP are entered. Gross area of section,'AG =B x H, is

k‘ calculated.

In order to idealize the reinforcing steel as an embedded "I"
section, it is necessary to specify how much of the steelcorresponds
to the flange, and how much to the web. The term "side bargV is used
to describe intermediate steel corresponding tovthe web, The section
of'-Fig_ 3.3 has. 6 side bars,’and 14 total bars. Side bars are
assumed to have the same amount of cover as the end bars. The rein-
forcement of the section (subroutine INPUT STEEL Appehdix I between

lines 2700-2840) is given in three steps

'BAR SIZE (BS)
NUMBER OF BARS (BN)

. NUMBER OF SIDE BARS (BF)

As bar'sizes,bar numbers of AC1-318-83. are used. In this subroutine,

ratio of web reinforcement to total reinforcement, RS = BF/BN, total

AS/(B = H),

reinforcément, AS = BN x BS, reinforcement ratio RHO
web reinforcement, AF = AS x RS, and flange reinforcement

AE = AS x (1 - RS)/2, are calculated.

In the subroutine “FIND CAPACITY FROM P-M DIAGRAM" (Appendix I,
bétween,]ine§ 3410-3670), axial load capacity, P, cdrresponding to a~given
eccentricity,k,is calculated as explained in sections 3.1.1 and 3.1.2.

If the analysis is un1ar1a1 then ‘axial load capacity P is multiplied
by the capacity reduct1on factor and nominal axial load capacity is found
(KN = P x PHI). If the analysis is b1ax1a],kca1cu]ated P is accepted o

Px (Px = P) and column axial Toad capacity, PY, in the other direction
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; ‘,(Y,difection)'is calculated by the same procedure. PUrevaxia]’1oad
»strength Po(Ed. 2;2) is calculated (1ihe 4420, Appendix 1). Then
, with Px;‘Py and Po’valuesvoe‘hand, BresTek'S Réciproca] Load Equation

(Eq. 2.12) 1is applied (1ine 2370, Appendix 1) and nominal axial ]bad
’ capacity}(NN = PHI/{1/Px & ]/nyfl/pa))»is ca]cuiated.

Outputvof the analysis routine consists of a summery of section
“ andfreinforcement propertieé, the rmagﬁituge oftheappliédléadPN and

_the section capacﬁty; NN. ’A message will also be displayed, informing
that ‘the design is e1ther “ADEQUATE" when capacity, NN,is greater then
‘applied load, PN, or "NOT ADEQUATE" when NN is less than PN.

3.2.2 Check a Design

‘As a spec1a] case of the ana]ys1s rout1ne there is an option
to "check a des1gn"  This opt1on is 1nc1uded so that add1t1ona1 Toad
combihations‘can Be tested for a given section with minimal additional
input. Additiona]]y STenderness effects can also be checked for the cqlumhs
k whefe" s1enderne$$ must be considered. _It’can be used in the case -
of sections deéigned within the program, or entered through the analysis.

- routine.

In programm1ng, an approx1mate method exp]a1ned in sect1on 2 3. 2
‘ is used for s1enderness de51gn. There is a subrout1ne “DESIGN FOR |
E SLENDERNESS" (Append1x I between Tines 4820 8510), the fo]]owxng

1steps are fol]owed in s]enderness de51gn :




a) Braced or Unbraced Frame

There’are two options in the program for decidiﬁg'tﬁety “type of |
frame (Append1x I between 1ines 4880-5370). F1rst is to input and the
second is to find at.the end of a series of computations. In the
second option Eq. 2.13b. is used for decision and it is necessary to
"’ 1nput thehe1ghtof bu11d1ng (BH), total vertical load (VL) , number of stor-
ies,(NS) types of brac1ng elements (TE) and”the width (B) and depth (D)

~of bracing e1emehts.
b) Effective Length Factors

For the effect1ve]engthfactorsthere are two opt1ons,as well Théyiiree]1
'@1ven or calculated (Append1x I between lines 5420- 7330) If the frame
is braced only the braced effect1ve 1ength factor of the co]umn des1gned,
1f'it'is unbkaced aT] the unbraced effective length faetors of the -

columns in the story must be calculated.

It is necessary to feed the 1ength, width and depth of'theilower,
dpper and middle columns and upper and.1ower‘beémslin,order to calculate
relative end stiffnesses (Eq.2.16). In Eq. 2.16,1t is assumed that
co]dmns'and beams*have the saﬁe mater1a1 broperties If the frame is

braced Eq.2. 15(a)and 2]5(bhnd if it is unbraced Eq. 2.17 and 2:18
| are used in the ea]culat1on of effective 1ength factors

) Comparison of Slenderness Criteria

kX /r ratios for both braced and unbraced frames are computed
Th1s ratio is compared w1th 34-12 M]b/Mzb for braced framesand w1th

.22 for unbraged frames.
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If klu/r is less than the values above,,slenderness may be
neglected in the direction consideredand"SLENDERNESS IS NEGLIGIBLE
IN X(Y) - DIRECTION" wi]T appeaf on the screen.. If the probiem is
‘uniaxial the program Qi]] return to the mafn program and will continue’
the analysis. If it is biaxia] then the moment is not magnified in

this direction, other direction is considered.

If klu/r is greater than 100 then the approximate p;ocedure of
the program will not-be adaquate and "THIS PROGRAM IS INSUFFICIENT IN
-X(Y) - DIRECTION" will appear on the screen. Then there are three

options :

A) CHANGE SECTION |
B) CHANGE REINFORCEMENT LIMIT
C) RETURN TO MAIN MENU

Oné of them must be chosen in order to continue the solution. -

If the klu/r values are between 34-12 Mjp/Myy for braced or 22

- for unbraced and 100 then,

34-12'M]b/M2b(22) <k, /rs 100.

moments are magnified in the direction cqnsidered.
d) Moment Magnification

Moments are magnified in ‘the subroutine MOMENT MAGNIFICATION
(Appendix II between lines 7690-8510). If the frame is unbraced then
| effective length factors (k) must be calculated for the other columns

in the story‘by the same procedure in order to find critical load

[N
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~Pc (Eq.2.22) of each column, EI value in Eq. 2.22 is obtained by
Eq. 2.24 which is more conservative and simple than Eq. 2.23. 1In

order to‘obtainvsd of Eq. 2.24, dead and live load moments must be

input. Total critical load of the story zPc is calculated by

- adding critical loads of each column in the story. Unbraced magni-

fication factor s (Eq. 2.21)is determined by the input of total

story load gzPu.

If the frame is braced, effective length factor of the co]umn _

~ considered is enough 1n order to obtain braced moment magn1f1cat1on

factor 8y, (Eq. 2.20). Cm in Eq. 2.20 is calculated by Eq. (2.25),

'1For the braced frame, as ‘is taken as 1.0. Eccentricities corres-
ponding M, and Mo “(in Eq. 2.19) are less than (is + 0.03 h) mm,
then Mzb and M25 vare replaced wiih moments 66rfesponding the minimum

eccentricity (15 + 0.03 h) . éeperate]y.

Moments are magnified by Eq. 2.19. New eccentricity for analysis
is obtained by dividing the magnified moment ;Mc, to thé axial design
1oad,,Pu. vathe‘co1umn is biaxia]]y 1¢aded the same proéedure i§
fallowed for the other (y):direction; Analysis 15 continued with the

new maghified moment and correspoﬁding eccehtricity;
3.3 METHOD OF DESIGN

The design capab111t1es of the program 1nc1ude both Uniaxial |
' and b1ax1a1 prob]ems where a cross section has a]ready been estab11shed

- (1nput sect1on), and cases1r1wh1chtheacrosssect1on is estab]wshed by :

l ’the program. (Find Sect1onL
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3.3.1 Input Section

Most designoprob1ems with either uniakial or biaxiaT bending
concern finding the minimum satisfacfory reinforcing steel ratio for a
specified cross-section and a given ]oad case. ~In this case, axfa]
load and corresponding moment or eccentricity (AppendivaI GET LOADS
‘v ‘between Tines 2890-3140), material.strengths (Appendix IT, GET
MATERIALS between 1ines 3190-3390), cross”section size (Appendix I1I
between lines 1620-i670) andbpermissible range of reinforcement
(Appendix 11 between lines 4280-4410) must be 1nput; The default
reinforcemenf ratios are 0.01 and 0.04. This upper Timit is lower

than ACI maximum for columns to make easily cons;ructib]e designs.
However,kas with all the other defaults in this,program, these limits
can be ohanged freely. In design the amount of side steel is estab-
Iished by specifying a fraction of the total steel that is to be
placed as intermediate bars along the Sides of cross-section. The

section of F1g 3.3 would correspond to a ratio of 6/14 = 0.43.

With these va]ues on hand the design starts. First the capacity
correspond1ng to max imum reinforcement 1s computed if the capac1ty at
:max1mum reinforcement (NN) is less than the design load (EN) then
| "INSUFFICIENT CAPACITY AT MAXIMUM REINFORCEMENT" appears on the screen
and it is advised to change section or reinfo?cement Timit. If (NN)
is greaﬁer than (PN) then capacity at minimum reinforcement is computed._i
If new axial load capacity (NN) is greater than des1gn axial load (PN)
-then minimum reinforcement is accepted if (NN) is 1ess than (PN) then
the program proceeds in order to find aopropr1ate re1nforcement rat1o by
f‘1nterna1 halving technique (Append1x 11, between 1ines 4630-4690)

when the re1rrforcement ratio 1is foUnd then the results are
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pfinted. Results of design problems.will present total amounts of

steel necessary at each face and each side of'the section.

3.3.2 Find Section -

Here the design problem 1is to find the smallest satisfactory
section within . some given range; and with reinforcingratio specified
%o be within certain limits. For this type of problems, least depth,gﬁe;
atest depth, width depth ratio, increment'of depth and steel ratios and
fractions (Appendix I busroutine‘LEAST SECTION between 1ines }840-1970)

are input.

First _the axial load capacity corresponding to greatest depth;'
and maximum reinforcement is computed. If axial load capacity (NN)
is less than applied load (PN) then "NOT ADEQUATE WITH MAXIMUM DEPTH,
REINFORCEMENT“ will appear on the screen and it is advised to change
section or reinforcement limit. If (NN) is greater than (PN) then
‘axial load capacity at minimum depth and maximum reinforcement is
computed. If new axial load capacity (NN) is greater than desién
~axial load (PN) then the results are printed. If it is not satisfac-
tory. The depth is increased by increment of depth-and erogram
proceeds to find the smallest. section edequate with ]afgest rein-
forcement. When the minimum section that is adequate is found then
the reinforcement  is computed‘by interval halving technigue
(Appendix I, between Tines 4630-4690). When optimum reinforcement

is found, the results are printed as in section 3.3.1
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3.3 SAMPLE PROBLEMS

This section is intended to illustrate the use of the program.
a) Uniaxial Analysis

A 30 x 60 cm. column with 8#%25 bars (fy = 400 MPa); four in
each face placed with;a cover of 5 cm., has concrete strength of 30 MPa."
Is the column section adequate for a load of 2220 kN at an eccentricity

of 20 cm. about the strong axis'(Sample problem 1. Appendix -11) )

Upon}first‘running of the program, the main menu will appear on
the screen. Since this is a uniaxial ana]ysis,'enter“Tﬂ‘and hit the

return key.

At this pointbload information will be entered as shown. The
capacity reduction factor for this problem is 0.7, so accept the value
by hitting the return key, the choice is made to enter eccentricity

rather than moment, and the axial load "2220" and eccentricity "20"

are entered.

T Once loads are entered, it is time to input the material propertjesmy

accept the both values, and proceed.

Next input the section properties aé shown, Enter dimensions of
width (30), depth (60) and cover to bar centerline (5). Next reinforcement

pattern,rbar size (25), number of bars (8) and number of side bars (0) is

entered.

At this point the screen will clear, and the "SOLVING" message

will appear. After a short interval the results will flash on the

i
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screen, as shown... Since the capacity of the section is less than

the applied load, the column is not adequate. After recording fhe
~solution, it is possible to return to the main menu by hitting the

return key.
-b) .~ Biaxial Desigr’

Design a 65 x 65 cm column with equal steel on all faces, using '
f; = 30 MPa'concrete,'énd fy = 300 MPa steel. The axial load is 4160 kN,
moment about -x-axis 1310 kN.m, the y-axié moment i$v505 kN.m. For |
this problem assume thefactoradioads have been previously divided by

the capacity reduction factor, so PHI = 1, (Sample Problem 5‘l\ppehdix I1)

When the menu appears on the screen, since this is a problem
where the section is known, and biaxially loaded, enter "6" and hit the

return key.

At this point load information will be entered as shown. The
defauitlcapacity reduction factor is to be changed to 1, the choice
is made to enter moments, rather than eccentricity, and the loads

and moments are entered.

After the loads are entered, it is time to input the material
properties. Accept the given concrete strength, 30 MPa, but change

the steel yield stress to 300 MPa.

Next input the section propefties as shown. Enter dimensions
of width and depth, accept the default minimum, 0.01 and maximum, 0.04
steel ratios, and type in 0.5 to distribute the steel eqUa]]y'about all

four faces ofvthevco1umn. Finally enter a cover of 5 Cm,
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Once this has been entered, the screen will again clear, and
’the message “SOLVING" will appear until the solution has been reached.
The message w111 appear to flicker time to time; this is a signal that
the program is operatiﬁg and working toward a so]utioh. Fina]]y the

results.- will appear on the screen as shown.
c) Check a Design

The éection designed (Sample Problem 6) has beén checked for
another load case considering slenderness (Samp]e Problem 8). After
appearing the solution (sample Probiem 6), hit the retqkn key in
order to return to the main menu. When "3" is typed on the main
menu, the analysis part of the menu'wi11 only be appear on the secreen.

Since this is a biaxia11y loaded section, enter "2" for biaxial analysis.

-Next Toads are entered. In order to see the effect of slenderness
loads are unchanged. Since the slenderness will be cﬁecked print "Y"

as the answer to the question "DO YOU WANT TO CHECK SLENDERNESS?".

At this point informations for slenderness will be entéred.
Since the type of frame will be determined by the program, type "F".
Then enter hight of building, total vertical load, number of stories
and dimensions of bracing elements. At the end of‘some computations,
the message “"BRACED IN X-DIRECTION" and "BRACED IN Y. DIRECTION" will
appear. Since the effective length factors, k, will be input, print
“I". Then the column dimensions (width, depth and length, braced and
effective length factor, Targer and smaller end moments, unbraced .
end moment and unbraced axial load and dead end 11ve'1ead moments

are entered for both, x and y directions. Once these are entered,
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braced and unbraced moment magnification factors,magnified moment

and resulting eccentricity will be appear, as shown.

After this point, ordinary analysis procedure will be cafried

on with the given desigh axial load and magnified moments.



IV. SUMMARY AND CONCLUSIONS

The'computerkbroéram,presented is capable of performing design
or analysis of reinforced concrete cb]umns, considering slenderness
effects also. The load cabacity at a particular eccentricity is
determined from the load and moment interaction diaéram generated
for a particular section. Successive approximatioﬁs are made through
the method Qf'interval halving in order to find column capacity from

the interaction diagram and appropriate reinforcement ratio.

| Since the des1gn procedure comp11es with ACI 318 M.83 (1)
where SI units are used and most of the design parameters such as
material propert1es and capacity reduction factor are fed as input,
the design part of the program can be used for’designs that comply
Wifh the Turkish Stahdarts, TS 500 (7) whichiis.very‘similér to

ACI 318M;83,as well, The colum sections can also be analyzed in
comp]ience with TS 500 by adding a new subroutine for'fhe'input of
reinforcement patternﬂdnato the fact that bar numbers of ACI 3181-83.
is d1fferent than that of TS 500

S1nce about 90 percent of the co]umns in braced frames and 40/

57

'percent in unbraced frames can be des1gned as short co1umn s1enderness
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effects are only considered in the analysis part of the program.

Néverthe]ess, slenderness effects can easily be introduced into
the design part of the program by calling the slenderness
vsubroutine. It is also possible to ihcorporate slenderness
effects by directly feeding the magnified moments determined

from the ana1ysis as input into the design part of the program.

A new épproach is adapted fof~the design of reinforced
concrete tied columns by using the iterative method’and interactive
mode in the computer program. Thus a microcomputer and a disk cah
turn this tedious everyday design work ihto’a.simple and interesting

task. Voluminous tables and charts are no longer necessarry.
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APPENDIX I P

1000

1010
1020
1070
1040
1050
1060
1070

1080

1090
T 1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
12890
1290
100
1310
1320
1330
1340
1350
1260
“1E70
1380
1390
1400
1410
1420
14730
1440
1450
14460
1470
1480
1490
1500
1510
1020

60
ROGRAM LISTING -

REM R R o T 2 e Y L Y 27 XV RV v)
REM —e—e— RC.COLUMN —————

REM ER 2 I TSI S EL I SLI I LTI SIS LIS S L LTSI IR ST LT 22 23
REM *****************************************************
REM MASTER THESIS

REM REINFORCED CONCRETE COLUMN DESIGN PROGRAM

REM  HAYATI ALTUN

REM DEPARTMENT OF CIVIL ENGINEERING

REM EOGAZICI UNIVERSITY

REM ISTANBUL-TURKEY

REM FE 3 36 3 B WA 6K I I I N I IR KR F WK F KKK RN
REM **************'?‘**************************************
R = "RE - ENTER"
FHI = 0.7:DF = 0.05:RE8 = Q:RN = 0.01:RX = 0,04
TL = 0.005:FPC = 30:FY = 400:Z1 = 0.85
E = 0:H = O:HN = O:HM = O:HI = 0.05:HR = 0,02
EE = 0.003:K29 = ZO0000:ERPY = 0,002
LUF = “"UNIAXIAL":LEB¥ = "RI-AXIAL":LD¥ = "DESIGN"
LA¥ = "ANALYSIS" o '
LX$f = “SECTION":LF#% = " FIND ":LI# = " INPUT":LC¥ = " COLUMN!
REM :

REM

REM

REM PRORBLEM  MENU

HOME :BX%Z = 0 : :

INVERSE : PRINT "RC.COLUMN 1.0": NORMAL

FPRINT “"FROBLEM MENU:z" ’

FRINT '"===smsmmsomomo=t

GOSUER 4500: -PRINT LQ$

FPRINT "——————— "

HTAER 10: PRINT Y1) YalUF

HTAE 10: PRINT "2) ";LBF

IF PTZ = Z THEN 1410

HTAR 10: FRINT "3) CHECKE A DESIGN®

GOSUR 4500: FRINT LD¥ :
CEY = ©

FRINT "—————m " :

HTAER 10: FRINT "4) ";LlUs$;",":LI%;LXF

HTAE 10: PRINT "S) ";LU$:",";LF$;LX$

HTAE 10: FRINT &) ";LE#F:",":;LIE;LX¥

HTAER 10: FRINT *7) “:;LB#;",";LFF;LX¥F

GOSUR 4500: FPRINT "ENTER TYPE OF PROEBLEM®

INFUT " Or 'O’ TO RUIT, ... "iPTZ4 : :
IF FTZ < © OR FT% > 7 THEN GOSUR 4500: PRINT R#: BOTO 1240
1F PTZ = 2 THEN CEXZ = 1: GOTO 1240 : :
IF FT4A = 2 DR FT% = 7. 0OR PTZ = & THEN BX%Z = 1

IF PTZ = O THEN END

REM : |

REM

REM .

REM GET THE LOADS

GOSUR 2890

IF CEY% = 1 THEN 4820



15320
1540
18550
1560
1570

1580

1590
1600
1610

1620.

1630
1640
14650
16460
1670
1680
1690
1700
1710
1720
17320
1740
17350
1760
1770
1780
1790
1800
1810
1B20
1830
1840
1850
18460
1870
1880
1870
1900
1910
1920
1930
1940
1950
19460
1970
1980
1990
2000
2010
L2020
2030
2040
2050

2060

207Q
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GOSUE 3190: REM° GET THE MATERIALS
REM ANALYSIS OR DESIGN 7

IF PT%Z < = .3 THEN 2210

REM -

REM

REM

REM HEGIN THE DESIGN

REM INFUT OR FIND SECTION

HOME : IF FTZ = S OR PT%Z = 7 THEN 1840

PRINT "SECTION WIDTH, CM = “:;E % 100: GOSUE 4270
IF AN$ = "" THEN 1650 ’
B = VAL (ANZF) / 100
FPRINT "SECTIOM DEFTH, CM

It

":H * 100: GOSUR 4270

IF ANE = "" THEN 1680
H = VAL (AN%) / 100
GOSUE 4280
AG = E * H

REM Ok @ MAX REINFORCEMENT 7
RHD = RX: GOSUE 4460: GOSUE 2250
IF NM = > PN THEN 1770
GOSUR 4500: PRINT "INSUFFICIENT CAPACITY AT MAX REINF."
GOSUR 4500: GOSUER 4530 ' ‘ '
ON OF% GOTO 1620,1680,1240
"REM Ok @& MIN REINFGRCEMENT 2
RHO = RN: GOSUEB 44&0: GOSUE 2250
IF NN = > PN THEN 2150
REM = ITERATE TO FIND OPTIMUM REINFURCEMENT WITHIN RANGE
GOSUE 4630: GOTO 2150
REM  FIMD LEAST AREA SECTION
REM ENTER RANGE OF DEFTH,WIDTH-DEFTH RATIO, AND
REM RANGE OF REINFORCEMENT
HOME : VTAR 5
PRINT "LEAST DEFTH, CM = ";HN * 100: BDOSUR 4270
IF ANE = "" THEN 1880 '
HN = VAL {(ANF) / 100
FRINT "GREATEST DEFTH, CM = ";HM % 100: GOSUE 4270
IF AN¥ = "" THEN 1910
HM = VAL (ANF) / 100 A
FRINT “INCREMENT OF DEFTH, CM = “;HI % 100: BOSUR 4270
IF ANF = "" THEN 1940
HI = VAL (AN$) / 100
FRINT : FPRINT "RATIO OF DEPTH TO WIDTH = ";HE * 100: GOSUE
IF AN¥ = "" THEN 1970
HE = VAL (ANF) / 100 :
GOSUE 4280: REM STEEL RATIOS % FRACTION
REM O @ HMAX,.RMAX 7
H = HM: GOSUER 4470
IF NN > = PN THEN 2060
HOME : VTAR S: PRINT "NOT ADEGUATE WITH"
FRINT "MAXIMUM DEPTH, REINFORCEMENT"
GOSUE 4500: GOSUE 4530:
ON OF% GOTO 1840,1970,1240
REM OF @ HMIN, RMAX ?
H = HN: GDBUB 4470
IF NN » = PN THEN °14Ux REM MIN- STEEL (n]4



2080
2090
23100

21100

2120

2130

2140
C 2150

2160

2170
2180
2190

2200
2210

29020

ey

2230

2240
2250
2260
2270
2280
2290
2IOO0
2310
2320

2330

o DA R

2340
2350
2260
2370
25380
_._,_'-9()
2400
2410
2420
24730
2440
2450
2460
2470
2480
2490
2900
2510
25720

2530

2340
2550

2560

REM  FIND SMALLEST H=0k
FOR H = HN + HI TO HM — HI STEP HI

BOSUE 4470

IF NN > = PN THEN 2140

NEXT H-
H = HM - -

BOSUE 44630: REM ITERATE FOR OFTIMUM RHO
GOSUE 4520 |

BOSUR 40T0: GOSUER 4730

REM

REM

REM

REM ANALYSIS: | :

GOSUB 2560: REM FIND SECTION

REM

REM | ' |

BOSUE 2700: REM REINFORCEMENT

GOSUE 4440: REM  SET SECTION X

- BOSUB 3410: REM CAFRACITY X

NN = F % PHI
CIF BX% = O THEN 2380
PX = P -

BOSUR 4450: REM  SET SECTION Y

BOSUR 4430: REM  ROTATE STEEL

GOSUE 3410: REM  CAPACITY Y

BOSUE 4430: REM  ROTATE STEEL EACK
FY = F

GOSUK 4420: REM GET FO |
REM  ERESLER'S RECIPROCAL LOAD METHOD:
NN =FHI / (4 / FX + 1 /FY -1/ FO®
IF PTZ » 3 THEN RETURN

REM OUTFUT RESULTS OF ANALYSIS

GOSUE 4520

BOSUR 4030
LT# = LUs$: IF EX%Z < > O THEN LT$ = LE&
PRINT : PRINT LT#;" ";LC#:" “;LA%

KN

kN

62

———— — o ——

PRINT Mmoo e "
PRINT.: PRINT "APPLIED LOAD —— "; INT (PN):"

HTAR 28: FRINT "FHI = ";PHI

CPRINT : PRINT "CAFACITY —————- “i INT (NN)3"

IF NN < PN THEN 2510 » ‘ :

HTAE 32: PRINT "ADEQUATE": HTAR 32: PRINT "s=======
GOTO 4730 '

HTAE 28: PRINT "NDT ADEQUATE": HTAE 28: PRINT "=
GOTO 4730 '

REM :

REM

REM INFUT THE SECTION

HOME : GOSUE 4300: PRINT "ENTER THE SECTION GEDMETRY"



J070

2570 FRINT "== o ===zoz=zzoo=Y
2580 PRINT "SECTION WIDTH, CM = ";B * 100: GOSUE 4270
2590 IF AN% = "" THEN 2610
2600 B = VAL (AN$) / 100 ‘ .
2610 FPRINT "SECTION DEPTH, CM = "3;H * 100: GOSUE 4270
L2420  IF ANE = """ THEN 2640 '
L2630 H = VAL (ANF) / 100
. 2640 AG = B * H .
- 2650 GOSUR 4380
- 2660 RETURN
- 2670 REM
2680 REM S
2690 REM INFUT STEEL . o ,
2700  HOME : GOSUER 4500: PRINT "INPUT THE REINFORCEMENT PATTERN"
2710 PRINT Hemeomaommam "
2720 GOSUR 4500: INFUT "BARSIZE,... "3:ES S
2730 - GOSUB 4500: INPUT "NUMEER OF BARS,... ";EN
2740 BOSUE 4500: INFUT "NUMBER OF SIDE BARS, ..."3;BF )
2750 IF BF > BN THEN GOSUER 4500: FRINT "IMPOSSIBLE !, “;R$: GOTO 2740
2760 RS = BF / EN : .
2770 - IF BS = < 20 THEN BA = (ES % 20 — 100) / 1000000
2780 IF BS = 25 DR BS = 35 THEN BA = (BS ~ 2 - 125 - (RS - 25) ~ 2)
2790 IF BS = 30 THEN BA = ©.0007 :
2800 IF BS = 45 THEN BA = 0.0015
2810 IF BS = 55 THEN EA = 0.0025
2820 AS = BA % BN:RHO = AS / (B % H)
2830 AF = AS * RS:AE = (1 — RS) # AS / 2
2840 RETURN
2850 REM
2860 REM
2870 REM-
2880 REM GET LOADS
2890  HOME : VTAR S
2900 PRINT “"CAFPACITY REDUCTION FACTOR = ";PHI
2910  GOSUR 4270
2920 IF ANE = """ THEN 2970
2930 V = VAL (ANF)
2940 IF V < O OR V » 1 THEN 2900
2950 PHI = V . ‘
2940 PRINT. "NEW PHI = ";FHI
2970 GOSUR 4500: PRINT "INFUT THE LOADS®
2980 FRINT "============;=;" ‘ :
2990 GOSUER 4500: INPUT "AXIAL LOAD, PN, ... “3PN
3000 GOSUER 4500: FRINT "DO YOU WANT TO ENTER MOMENT OR"
I010  INPUT “ECCENTRICITY (M/E), ... Y“;AN® :
3020 IF ANF = "M" THEN I050
3030 IF ANF = "E" THEN 3100
T040  BOSUR 4500: PRINT R#F: GOTO 3000 :
2050  GOSUR 4500: INPUT "MOMENT, MX, ... "“3MX
J060 EX = (MX / PNY % 100

IF BXY%Z > O THEN GOSUE 4500: INFUT “"MOMENT, MY, ... "My
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TOBO EY = (MY / FN) % 100
C3090  RETURN

100 GOSUR 4500: INFUT "ECCENTRICITY,EX,...CM = “:EX

3110 MX = PN % EX / 100 ‘

3120 IF BXYZ » O THEN GOSUR 4500: INPUT "ECCENTRICITY,EY,...CM =
I13O0 MY = PN % EY / 100 ’ '
3140 RETURN

3150 REM

3160 REM

3170 REM '

3180 REM ENTER MATERIAL PROFPERTIES - )
© 3190 HOME : GOSUR 4500: PRINT "INFPUT MATERIAL PROPERTIES™
Z200 ‘F’F{INT RFF P F ] ===——-f-——======"
3210 GOSUR 4500 :

I220 PRINT “"CONCRETE STRENGTH, MFA = ":;FFC
IR0 GOSUE 4Z70 ~

3240  IF ANF = """ THEN 3290

TS50 FPC = VAL (AN$) ‘
3260 71 = 0.85 - 0,008 * (FFC — JZ0)
3270 IF Z1 4 0.65 THEN Z1 = 0.65
3280 IF Zi » 0.85 THEN Zi = 0.85
3290 VTAER 14 o :
AT00  PRINT "STEEL YIELD STRESS, MPA = ":;FY
3310 GOSUR 4270

D IF AN = "" THEN RETURN

FY = VAL (AN¥) o
EPY = FY / K29

 RETURN

REM

REM

REM

REM

REM FIND CAPACITY FROM P-M DIAGRAM
410 GOSUE 4020 : '

420 D= SH — DF:EM = SH / 10

TATO  GOSUR 4420 _ ' o

‘3440 IF ET < = EM THEN P = 0.8 * FO: GOTO 2670
3450 REM  GET BALANCED F.M :
T4A0 T = 600 / (600 + FY) ¥ D

‘®470  GOSUR 3720 '

3480 PR = F:MB = M

7490 IF ET < E THEN CH = C:CL = 1.5 % D: GOTO 3620
500 REM  FIND FAILURE REGION

3510 IF E = ET THEN 3&70
I520 REM  E<ET (TENSION FAILURE)

530 CL = C

3540  REM CH FROM MO CONDITION

IH50 E1l = 0.08:EZ = FY / K29 7

3560 E3 = (E1 + E2) / 2:C =D % KI / (K3 + EX)

3570 GOSUR 3720 ‘

3580 IF B » (FO / 1000) THEN E2 = E3: GOTO 3560: REM C

N
-



IS990
3600
610
2620
IHE0
3640
3690
3660
Z670
L3680
3690
F700
3710
3720
730
3740
CET7SO
3760
2770
780
790
800
3810

3820

3830

B840
2850
3B6O
2870
B8O
3890

=00

3910
IGZ0
AQT0
3940
2900
3I9L0
3970
3980
Z990
40060
4010
4020
4030
4040
4050
4060
4070
4080

4090.

E
C
C

MZITRIITZE7T

HTAE
IF PTZ
FRINT E‘N; "o #":BS= " ’S,

IF. ABS (P) <

E3:
C

1
H

nu

G

(CL + CH) /

0To 3560

2

GOSUR 3720

IF E «
IF E >

ET

ET * 1.005 THEN CH

* 0,995

T

G070 3
GOTO

c
C

HEN CL

W

REM WITHIN TOLERANCE
. RETURN

REM

SURROUT INE

SH / 2:CD

DF

b-=C

b

=
P

(FO / 1000) THEN 3610
: REM TOD MUCH TENSION

6H20
620

TO FIND LOAD AND MOMENT
FOR A GIVEN SECTION AND
DEFTH TO NEUTRAL AXIS _
IDEMTIFY CRITICAL DISTANCES
C - DF:TD

= K29 * CE:
= K29 % TE:

EPY * C / KEZ:3D
CD. - YD: IF CP <
TD - ¥D: IF TP <«
CRITICAL STRAING
Ch /7 C % EIZ:TE
EFY: IF CF
EFY: IF TF ,
DUTER FACE STEEL
IF C8 >
IF 76
FORCE RESULTANTS
(CS - 0.8% * FPD)
(FY — 0.85 % FPO)

.

TD
O THEN
O THEN
STRESSES

FY THEN CS
> FY THEN TS

0
Q

THEN CP
THEN TF

Q
8]

o

/ C % K3
CF = €D /
TF = TD /

*
*

K3

kS

oo

FY
FY

o

* AE
¥ AF * CP / JD

Cs
TS.
FY
TS

1S L T S 1 O IO

(CC

BT TS 1A I 1|

++ 4+ 4

™M
M
M
™
M
M
=M/
RETURN
END
HOME :

GASUR 4500:
20
nEy

20

HTAE
PRINT

RETURN-

cec =

/
*
*

/

0.85

+
(
C1
c2
C3
T1
T2

+ T3

F

-

s

AE

AF % TF / JD
* AF % (TD
* 71 * FFC *
+ CZ
-1 *xC /2

- DF)

- DF - CF / 2
- DF
- DF)
— DF.
(H2 - DF - TF -

e
s

Ci + C2
H2
¥ (H2
(HZ
(HZ
(H2
(H2

* % %k %

*

* AF * (CD - CFP) / JD

- TF) /s JD
Sk * C

- T1 - - T3

TZ
- CF - (CD - CF)

- TF /

2

(TD = TF

65

* 1000

/

31}

)

7S 3 % 1000

VTAER 1Z: HTAR 17:. FRINT "SOLVING": RETURN

,

PRINT

PRINT "R

FRINT "D’
I OR CHY%

"iFY:" MPAY;:

F'C =
= ":R ¥ 100;" CM.
HTAR Z0:

":DP ¥ 1003;".CM
1 THEN 4100

";FPC;" MPA";

PRINT

";BF;" SIDE BARGS "

WY - ";H »* ioo;u'
GOSUE 4500



41060

4110 .

4120

4130

4140

4130 .

4160
417
4180
4190
4200
4210
4220

230

4240

4250

4260

270

280

AZQO
4300
4310
4320
4330

340
4750
4360
4370
4380
4390
4400
4410

4420

4470
44410
4450
44460
4470
4480
44390
4500
4510

4520

4530

4540
4550

4560

4570

4580
4390

66

IF PT% 4 OR FT%

= = 5 THEN FRINT "UNIAXIAL COLUMN DESIGN";
IF FT% = & OR PT% = 7 THEN PRINT "BI-AXIAL COLUMN DESIGN";
IF PTZ = 5 OR FT% = 7 THEN FRINT ",FOUND SECTION": GOTO 4140

PRINT : IF CEY% = 1 THEN 4220

GOSUE 4510: FRINT “"LDAD":: HTAE 15: FRINT “MOMENT";

HTAE 25: PRINT "ECCEN.": GOSUR 4510 . ,

CPRINT  INT (PN)j: HTAE 17: PRINT INT (MX):: HTAR 27

PRINT INT (EX * 100) / 100;: HTAE 35: PRINT "X

IF EBXY% = O THEN 4210 _ ‘

HTAE 17: PRINT INT (MY)3: HTAR 27 :

FRINT INT (EY * 100) / 100;: HTAB 35: PRINT "Y"

BOSUE 4510: FRINT . ,

FRINT “RHO =": INT (RHO * 1000) / 1000

PRINT "STEEL AREA ="; INT (AS * 1000000) / 100;" S& CM., (TOTAL)
HTAE 14: PRINT INT (AE % 1000000) / 100;" SO CM., (EACH FACE)"
HTAE. 14: PRINT INT (AF * S00000) / 100;% S& CM., (EACH SIDE)"
RETURN :

FRINT : INFUT "<RETURN> OR NEW VALUE, ... "“3jAN#: RETURN

PRINT : PRINT "MINIMUM STEEL RATIO = "3;RN: GOSUE 4270

IF ANF = " THEN 4310
RN = VAL (AN#)

PRINT : FRINT "MAXIMUM STEEL RATID = ";RX: BOSUE 4270

IF ANF = "" THEN 4340
RX = VAL (AN#) , ‘
PRINT : FRINT “FRACTION OF STEEL AT SIDES"
FRINT "OF SECTION = ";RS: GOSUE 4270
IF ANE = """ THEN 4380 '
RS = VAL (ANF) .
FRINT : FRINT "COVER TO BAR CENTERLINE, CM = “;DP % 100: GOSUE 4:
IF ANF = "" THEN 4410
DF = VAL (AN%F) / 100
RETURN ' . o
FO = 1000 % O0.85 % FFC * AB + 1000 % AS * (FY — 0.85 % FPC): RETUH
XT = AE:AE = AF * 0.5:AF = 2 % XT: RETURN
SR = E:SH = H:ET = EX / 100: RETURN
SE = H:SH = E:ET = EY / 100: RETURN , -
AS = AB * RHO:AF = RS ¥ AS:AE = AS * (1 - RB) / 2: RETURN
‘B = -INT (H / HE). / 100 : .
IF CINT (B 7 HI) % HI « = B THEN B = (1 + INT (B / HI)) % HI

RHO = RX:AG = B * H: GOSUR 4460: GOSUR 2250: RETURN
PRINT : FRINT : RETURN ‘
PRINT "-=": RETURN

FOR I = 1 TO 38: PRINT "-"j;: NEXT :

HOME : GOSUE 4500: FRINT "RESULTS": FRINT ‘“s======": RETURN
PRINT "OPTIONS:": PRINT “=ss====!

FRINT " A) CHANGE SECTION"

PRINT " E) CHANGE REINFORCEMENT LIMIT"

CPRINT M C) RETURN TO MAIN MENUY

GOSUER 4500 :
INFUT "YOUR CHOICE 7 ... ";AN#F
S IF ANE = "A" THEN @F% = 1: RETURN



44600
4610
4420
- 48630
4640
44650
44560
4&LH70
4480
4690

T 4700

4710
4720
47320
4740
- 4750
4760

{4770

4780
4790

4BQOV

4810
4820
4830
4840
4850
. 48460
48570
4880
4890
4900
4910
4920
4930
4940
4950
49460

4970:

4980
4990
S000
S010
S020

SQ30.

5040
S050
S0O60
S070
5073
. 5080
2090
S100
5110
5120

IF AN¥ = "R" THEN @FZ4 = 2: RETURN
IF AN% = “C" THEN @FZ = 3: RETURN
. BOTO 43570

RL = RN:RU = RX
RHO = (RU + RL) / 2

GOSUR 4460

GOSUR 2250 '

IF NN < PN THEN RL = RHO: GOTO 4640

IF NN > = PN AND AES ((RU = RL) /7 RL) < ©.05 THEN
RU = RHQO: GOTCQ 4640 :
‘REM :

REM -

REM

SOTO 8560

REM

REM

REM

REM

REM

REM SUEBROUTINE

REM DESIGN FOR SLENDERNESS

REM _

FRINT "DO YOU WANT T0O CHECK SLENDERNESS 7"
INPUT "Y/N J...";ANE

IF AN = "Y" THEN 4870

IF AN$ = "N" THEN 2250

REM BRACED OR UNBRACED FRAME 7
EC = 4700 * SOR (FFC)

FRINT "INFUT OR FIND TYFE OF FRAME"
PRINT "BRACED OR UNBRACED 7"

INFUT "I/F ..."3;ANE

IF ANE = MF" THEN 4930

IF AN¥ = "I" THEN SZ60
CINFPUT "HIGHT OF BUILDING,.M..BEH="3;BH

INFUT "TOTAL VERTICAL LOAD,.EN..VL = "3VL
INFUT "NUMBER OF STORIES ...NE5 = ";NS

INFUT "TYPES OF VERTICAL ELEMENTS...TE = ";TE
IX = O:1Y = 0:8 = 1

.INPUT "# OF SIMILAR VERTICAL ELEMENTS. .NE = ";NE
INFUT "SECTION DEPTH ...";D '
INFPUT "SECTION WIDTH ...";W

IX = IX + NE / 12 % W % D ~ =
IV = IY + NE 7/ 12 # D * W =~ 3
g =5+ 1

IF § <« = TE THEN 4980
CX = BH * SOR (VL / (EC * 1000 % IX))
CY = BH % S8R (VL / (EC * 1000 * IY))
BV = 0.2 + 0.1 % NS

FRINT “"CX="3;CX: PRINT "Cy=";CY: PRINT "EV="3; RV
IF BV » 0.6 THEN BV = Q.6

IF BV > = CX THEN SiX0.
FRINT "UNERACED IN X-DIRECTION"
SX% = 1 -

60TO 5150

67

RETURN



5130
5140
5150
5160
S170

5180

5190
S200
S210
5220
SZ230
S240
S250
5260
5270
S280
5290
5300

59310
SI220
SR30
S340
SIS0
SE60
5X70
580
5390
5400
5410
S420
54730
=440
5450
S4460
5470
5480
5490
5500
5510
SS20
SS30
5940
D550
S560
SE70
o980
SS90
S600
5610

5620

FRINT "EBRACED IN X-DIRECTION"
SX%Z = O

IF BXY = 1 THEN S180
SYZ = O ' :

GOTO 5420 -

IF BV » = CY THEN 5220

FRINT "UNBRACED IN Y-DIRECTION"

SY%L = 1

GOTO S420 .

" PRINT "RRACED IN Y-DIRECTION®

SYZ = O

GOTO 5420

REM INPUT RRACED OR NOT

PRINT "ERACED IN X-DIRECTION"

INPUT "Y/N...";ANF

IF AN% = "Y" THEN SX%

IF AN% "N THEN SX%

IF BX% 1 THEN 5330
S5Y% = O

GOTO S420 .

PRINT "BRACED IN Y-DIRECTION"

INFUT "Y/N....":ANE ‘

IF AN$ = "Y" THEN SY%

IF AN¥ = "N" THEN SYZ%Z

GOTO 5420 :

REM

REM

REM

REM INFUT OR FIND EFFECTIVE LENGTH FACTORS

IF SX% = O AND SY%Z = 0 THEN 5440 ;

INFUT "TYFES OF COLUMNS IN THE STOREY...";TC
S = 1 :
TX = 0:TY = O

FPRINT "INFUT OR FIND K VALUES 7"

INFUT "I/F....,":ANF

IF ANF = "I" THEN FI%

IF ANF = "F" THEN FIZ = 1 ,

IF SX%Z = O AND § » = THEN 5700
INFUT "COLUMMN-X..E.H,L.. ":W,H4,CX
IF FI% = O THEMN &650-

FRINT "UFFER COLUMN-X..EBE,H,L... "zWs" , "3H4;3"

GOSUR 8520 -

IF BN = "" THEN 5580 ‘
W1 = vaL (BN¥):HS = VAL (DN$):UX

GOTO 5590
Wl = W:HS = H4:UX = CX

FRIMT "LOWER COLUMN-X..B,H,L.. "sW;" , “sH4;"

GOSUR 8520 '

IF BN = """ THEN 5640 :
W2 = VAL (BN#):HZ = VAL (DN#):LX

O
i

O
1

non

O

b

VAL  (LN#$)

VAL (LN#%)

68

":CX

lI;CX



5630
5640
5650
56460
5670
5680
5690
5700

5710

5720
5770
5740
85730
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5200
5210
5920
5930
5940
5350
5960
5970
=980

5990
LHODO
H5O10
&HO20
HOZO
6040
5050
LOK0
6070
6080
HOF0
6100
6110
6120
A1320
65140

GOTO 5650 :
W2 = WiH6 = H4:LX = CX

IF SX%Z = O THEN 5670 ‘

INFUT "# OF SIMILAR COLUMNS IN X-DIR."jNX
Of = W1 * HS ~ 3 / UX + W=* HE ~ 3 /7 CX
02 = W2 * H6 ~ 3 / LX + W * H4 ~ 3 / CX

IF BXZ%Z = O THEN 6280

IF SYZ = O AND 8 > = 2 THEN 6280

IF 8 < = 1 THEN 5750 ,

IF SX% = O AND SYZ = 1 THEN &070

REM '

REM

PRINT "INFUT NEW COLUMN LENCTHS FOR Y- DIRECTIDN"

INFUT "Y/N...":ANE
IF AN¥ = "N" THEN 5790
IF ANF = "Y" THEN 5830
CY = CX
uy = UX P
LY = LX
GOTO 6OZ0
REM INFUT NEW COLUMN LENGTHS
PRINT "COLUMN-Y...L = "3;CX
GOSUR 4270 '
IF ANE = "" THEN 5890
CY = VAL (AN#)
GOTO S900
CY = CX ,
FRINT "UFPER COLUMN-Y...L = ";CY
BOSUR 4270 o
IF aNF = """ THEN 5950
UY = VAL (AN#)
GOTO 5960
uy = CY _
PRINT "LOWER COLUMN-Y...L = ";CY
GOSUR 4270 _ .
IF AN = "" THEN 6010
LY = VAL (AN$)
- BOTO 6020
LY = CY .
IF QY% = O THEN 6040
INPUT "# OF SIMILAR COLUMNS IN Y-DIR..."sNY
03 = HS * W1 ~ 3 / UuY + HE * W ~ 3 7/ CY
04 = H6 % W2 ~ % / LY + H4 W~ 3 / CY
GOTO 6270 o
INFUT "COLUMN-=Y..E,H,L..";H4,W,CY
PRINT "UFPER COLUMN-Y..E,H,L.. "sH4:" , "sW;"
GOSUR 8520
IF BN% = "" THEN 6130 _
HS = VAL (BN#):W1 = VAL (DN$):UY = VAL (LN¥)
GOTD 6140 o
HS = H4: W1 = W:LY = LY
"LOWER COLUMN-Y..E,H,L..  ":H4:" , ";W;"

FRINT

s

k]

- 69

";CY

N;CY



6150
6160
&170
6180
6190
H200
6210

6220

62530

6240
6250
6250
6270

b6280

6290
6E00
6310
&I320
63F0
&340
6350
6360
6370
6380
6390
6400
6410
6420

6470
6440

L4550
&460
6470
6480
6490
LS00

&G10

6520

&SZE0
L5540
5550
6560
6570

6580

&S990
L6000
L5100

620
bETO

65640
6650
b660
6o62
6665

- 70

GOSUE 8520

IF BN& = " THEN 6190
Ho = VAL (EN#):W2 = VAL (DN$):LY = VAL (LN%)
GOTO 6200
H6 = H4:W2 = W:LY = gy

IF SYZ = O THEN 6220

INFUT "4 OF SIMILAR COLUMNS...":N
O3 = H4 * W~ 3 / CY + HS % WL ~ 3
04 = H4 % W ™ 3 / CY + Ho % W2 ~ =
REM

REM  INFUT BEAM DIMENSIONS IN X—-DIRECTION
REM

Y
/Uy
/LY

IF SX% = 0 AND § * = 2 THEN 4790 '
INFUT "RIGHT UFPER BEAM-X..E,D,L.. ":E1,D1,L1
PRINT "LEFT UFFER BEAM X..E, D L . ":Blj" s "sDig" , wgp g
GOSUR 85 : :
IF EN¥ = " THEN &340
B2 = VAL (BN#):DZ = VAL (DN$):L2 = VAL (LN$)
BOTO 6350 ’
BZ = R1:D2 = Di:L% = Li '
PRINT "RICHT LOWER BEAM-X..EB,D,L.. “3E1;" , u;D1s» s "3bd
GOSUE 85 : ‘ ' ‘
IF EN% —,"" THEN 6400
BZ = VAL (BN#): DI = VAL (DN#):LI = VAL (LN$)
GOTO &410 : :
B3 = B1:D3 = D1:L3E = L1 :
FRINT "LEFT LOWER EEAM-X..E,D,L.. "3B2:" , viD2;t , w2
GOSUR 8520 , . : _
IF BN# = "" THEN 4460 ,
B4 = VAL (BN#):D4 = VAL (DN#):L4 = VAL (LN$)
GOTO 6470 - : :
E4 EZ2:D4 = DZ:1L4 = L2

X1 Bl # DI ~ 3 / L1 + B2 # D2 ~
X2 BZ * DI ~ % /L3 + B4 % D4 ~
FAX = 01 7/ Xi
FEX = 02 / XZ

£y A
~N N
-~ r
EN A

CIF SX% = 1 BND S > = 2 THEN 6600
Ki = 0.7 + 0.05 % (FAX + FEX)
FMX = FAX :

IF FAX > FEX THEN FMV
4 = 0,85 + 0,05 * FMX
B = ki
IF K1 » K4 THEN EB = K4
IF KB > 1 THEN KB = 1
IF 8X%4 = O THEN 6640
FX = (FAX + FERX) / 2
IF FX < 2 THEN kU
IF FX » = 2 THEN KU
IF KU < 1 THEN (AR _
IF FIZ = 1 THEN 6680
IF 8 > = 2 THEN 6465
INFUT "BRACED EFFECTIVE LENGTH FACTOR- ~-X, KEX=";KRE
IF 8X7 = O THEN 6680
INFUT "# OF SIMILAR COLUMNS—-X. .. "5 NX

FEX
k
I

]

((20 = FX) 7/ 200 * SOR (1 + FX)
= 0.9 ¥ S8R (1 + FX)

H

1
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6670  INPUT “UNBRQCED EFFECTIVE LENGTH FACTDR X, hUX”"'VU
6680 IF § > = 2 THEN 4780

6690 R1 = 0.3 * H

6700 IF SX7 = 1 THEN 6760

6710  INFUT "LARGER END MOMENT-X..MX2=";MZ2

6720  INPUT "SMALLER END MOMENT-X..MX1=";M1

6730 F1 = KR * CX / Ri

6740 F2 = 34 - 12 * M1 / M2

6750 IF SX% = O THEN 4780
~ 67860 F1 EU * CX / K1

o

6770 F2.= 22
6780 IF BXZ = O THEN 7380

O AND 8 > = 2 THEN 7380 \

&790 . IF 8YY =

6800 IF FIZ = O THEN 7210 : , L
6810 REM - : : )
6820 REM  INFUT BEAM DIMENSIONS IN Y-DIRECTION

6830 REM

6840 INFUT "RIGHT UFFPER BEAM-Y..E,D,L.. “;B1,Di,L1

6850 FRINT “"LEFT UPPER BEAM-Y..E,D,L.. ";51:" , "sDiz" , "ilLt
68L0  GOSUE 8520 :

6870 IF BN¥ = "" THEN 6900

6880 BZ = VAL {(BN#): D” = VAL (DN#):L2
6890 GOTO 6910

6900 B2 = Ri:D2 = Di:LZ = Li

6910 PRINT "RIGHT LOWER BEAM-Y..E,D,L.. "3Ei;" , "sDiz" , ";Li
6920 BOSUER BS20 '

6730 IF BNF = “" THEN 6960

6940 BT = VAL (BN$):DZ = VAL (DM#):L3
6950  BOTO 6970 . ‘

6960 B = B1:DI = D1:L.3 = L1 .
6970 FPRINT “LEFT LOWER BEAM-Y..E,D,L.. “;B2;" ,.":;D2;" , ";LZ2
6980 GOSUR 8570 ' :

it

VAL (LN%)

VAL {LN#)

I

6990  IF BNF = """ THEN 70Z0

7000 B4 = VAL (BN$):D4 = VAL (DN$f):L4 = VAL (LN#)
7010 GOTO 7030 ‘

7020 B4 = B2:D4 = DZ:L4 = LZ :

7030 YI = Bl % DI ~ 3 / L1 + B2 % D2 ~ 3 / L2

7040 Y2 = BZ ¥ DE ~ 3 / LT + B4 ¥ D4 - 3 / L4

7050 FAY = 03 / Y1
7060 FBRY = 04 / Y2 ,
7070 IF 8Y%4 = 1 AND S » = 2 THEN 7160
7080 K1 0.7 + 0,03 % (FAY + FRY)

7090 FMY = FAY

7100  IF FAY » FRY THEN FMY
7110 K4 0.89 + 0.05 ¥ FMY
7120 KR k1

7120  IF ¥1 > K4 THEN BE = K4
7140  IF -BE > 1 THEN BE = 1
71850 IF 8YX = O THEN 7200
7160 GY = (FAY + FRY) / 2
7170 IF BY < 2 THEN UK =
7180 IF GBY » = 2 THEN UK

il

FRY.

o

(20 - GY) /7 20 % SR (1 + BGY)
= 0.9 % GBER (1 + GY)



7190 IF UK < 1 THEN UK = 1

7200 IF FI% = 1 THEN 7240

7210 IF 8 » = 2. THEN 7225

7215 €Y = ¢cx -

7220 INFUT “ERACED EFFECTIVE LENGTH FACTOR-Y, KERY="3EK
7222 IF SY%Z = O THEN 7240 ‘

7225 INFUT "# OF SIMILAR COLUMNS-Y..."3NY

7230  INPUT "UNERACED EFFECTIVE LENGTH FACTOR-Y, KUY="j3UK
L7235 CY = CX , ,

7240 IF S * = 2 THEN 7700
250 R1 = 0.2 * R '

7260 IF SYZ = 1 THEN 7320
7270 INFUT "LARGER END MOMENT-Y, MY2="3N2
7280 INPUT "SMALLER END. MOMENT-Y, MY1=";N1

7290 G1 = BK * CY / Ri

7300 G2 = 34 - 12 * NI / N2
7310 IF SY% = O THEN 7380
I20 GL = UK * CY / Rt

7330 B2 = 22

7340 REM

7350 REM
7360 REM COMPARISON OF SLENDERNESS CRITERIAS

7370 REM X-DIRECTION ' ‘

7380 IF 8§ » = 2 THEN 77Q0

7390 IF F1 < = 100 THEN 7440

7400 PRINT "THIS FROGRAM IS INSUFFICIENT IN X-DIRECTION"
7410 IX% = 1 ‘ _

7420 IF BXX = 1 THEN 7530

7430 BOTO 7610

7440 IF F1 » F2 THEN 7490 :

7450 PRINT “SLENDERNESS IS NEGLIGIELE IN X-DIRECTION"
7460 IXY% = 2: PRINT "Fi=";Fi: PRINT "F2=";F2

7470 IF BXZ = 1 THEN 7530

7480 GOTO 7610

7490 IX% = 3 ‘

7500  IF BXY = 1 THEN 7530

7510 GOTO 7610 ‘

7520 REM  Y-DIRECTION :

75320 IF Gl < = 100 THEN 7570 :
7540 PFRINT "THIS PROGRAM IS INSUFFICIENT IN Y-DIRECTION®
7550 IYYL = 1 '
7560 BGOTO 7610

7570 IF G1 > B2 THEN 7600
7580 IYL = 2

7590 GOTO 7610

7600 1YY = 3
7610  IF BXY

I

THEN 1Y% IX%

lﬁt
-

7620 IF IX% = 1 OR IYZ = 1 THEN 2030
7630  IF IX% = 2 AND IYZ = 2 THEN 2250
7640 IF IX% = 2 THEN 8X%Z = 0O

7650 IF IYYZ = 2 THEN SY% = O

7660 REM o

7670 REM

7680 REM

7690° IF IX% = 2 THEN 7920

!



v B - 73
7700 IF SX% = O AND S » = 2 THEN 7920
7710 IF 8X% = O THEN 7740
7715 IF § > = 2 THEN 7760
7720 . INPUT "LARGER END MOMENT-X, MX2="iM2
7730  INPUT "SMALLER END MOMENT-X, MX1=";M1
7740 INFUT "UNBRACED END MOMENT-X, MX3="3iM3
7750  INFUT "UNBRACED AXIAL LOAD-X, UPX=";XU
7760 INPUT "DEAD AND LIVE LDAD MMDMENTS X, DM,LM="3XD,XL
7770 "IF § > = 2 THEN 7830
7780 IF 8X% = O THEN 7800
77790 INPUT "TOTAL STORY LOAD, TP "-PT
7800 XF = M1 / M2
7810 IF M1 = O AND M2 = O THEN XR = 1

7820 JX = 0.6 + 0.4 ¥ XR
7830 BX = XD / (XD + XL :
7840 XE = EC % W * 1000 * (H4 % 1000) =~ 3 / (30 % (1 + BX))

7850 IF § » = 2 THEN 7910
7B&0 FX 3,14 ~ 2 % XE / (1000 % (KR * CX %* 1000) =~ 2)

7870 DX JX /7 (1 = PN / (PHI * PX)) ‘

7875 FRINT "DX=";DX.

7880 IF DX < 1 THEN DX = 1

7890 IF SX% O THEN SX = 1

7900  IF SX% O THEN 7920

7910 TX = NX Z.14 ~ 2 % XE / (1000 % (KU * CX % 1000) =~ 2) + TX
7920 IF BX%Z = O THEN 8Z10 '

7970 IF 1Y% 2 THEN 8210

nn

LI LI VR | O N N 1

7940 IF 8YZ O AND S » = 2 THEN 8210
- 7950 IF SYX% O THEN 8010 ' ~
7960 - REM '

7970  REM

7980 IF 8 » = 2 THEN 8030

7990 INPUT “LARGER END MOMENT-Y, MY2="j3;N2

gOO0  INFUT “SMALLER:-END MOMENT-Y, MY1="j3N1

8010 INFUT "UNBRACED END MOMENT-Y, MY3="iNZ

8020 INFUT "UNBRACED AXIAL LOAD-Y, UPY="3YU

8030 INPUT “"DEAD AND LIVE LDAD MDMENTS -Y, DM, LM‘":YY YL

BO40 IF S ' = 2 THEN BiZ2

8050 REM

8060 YR = NI / NZ : :
8O70 IF Ni = O AND NZ = O THEN YR =1

8080 JY = 0.6 + 0.4 ¥ YR -
8090 IF 8X%Z = 1 THEN 8120 '

8100 IF 8YZ = O THEN 8120

8110 INPUT "TOTAL STORY LOAD, TP=";FT

8120 RY YY / (YY + YL)

8130 'YE EC % 1000 % H4 ¥ (W ¥ 1000) ~ 3 / (30 ¥ (1 + RY))
8140 IF § » = 2 THEN 8200

|}

8150 FY = 3.14 ~ 2 % YE / (1000 % (BH * CY * 1000) ™ 2)
B160 DY = JdY / (1 = PN /7 (PHI * FY))

81465 FRINT "DY=";DY
8170 IF DY < 1 THEN DY = 1

g180 IF SY%Z O THEN 8Y = 1 o

8190 IF SY% O THEN 8210 - , \

8200 TY = NY .14 S 2 % YE /7 (1000 % (UK * CY * 1000) = 2) + TY
8210 IF SX% O AND SY% =0 THEN 8260

% u

1



8220
ZEO

8240

8250
B2&0
8270
8280
8285

290
8300

- 8310

8320

IF0
8340
B350
8360
8Z70

T80
8390
8400
8410
8415

8420

8420

8440

8450
8460
8470
8480
8420
8500
8510
8520
goio
8540
8330
85460
8570
]380

" END

=6 + 1
IF S < = TC THEN 5500 -
REM
'?EMIXZ = 2 THEN 8380
IF 8X7 = 0 THEN 8300
SX = 1 / (1 — PT /7 (PHI * TX))
FRINT "SX="3:5X .
IF 8X < 1 THEN S8X = 1
AX = M2 / PN
IF AX < (0,015 + 0.03 * H) THEN M2 = PN
BX = M3 / XU :
CIF BX 4 (0,015 + 0,03 * H) THEN M3 = XU
MX = DX % MZ + SX * M3 '
EX = 100 * MX / PN «
FRINT "DEX = ";DX;" DSX = ";8X
FRINT “MX = ";MX;" EX = "“;EX
IF BXY%Z = O THEN 2250
IF 1Y% = 2 THEN 2250
IF SY7Z = O THEN 84320
8Y =1 / (i - PT / (FHI * TY))
FPRINT "S5Y=";G8Y
IF 8Y < 1 THEN SY = 1
AY = MNZ / PN : oo
IF AY < (0.015 + 0,03 ¥ B) THEN NZ = PN
BRY = NI / YU : _
IF RY < (D.015 + 0.0F ¥ K) THEN NX = YU
MY = DY ¥ NZ + 5Y % N3
EY = 100 ¥ MY / PN
FPRINT "DRY = ";DVY;" DSY = ";8Y
PRINT "MY = "3imMy;" EY = ";EY
GOTO 2250 ' , _
FRINT : INFUT "<RETURN> DR NEW VALUES...
IF BNf = "" THEN RETURN .
INPUT DN '
INFUT LN#x: RETURM -
INFUT "HIT <RETURN: TO CONTINUE...":;AN$
GOTO 1240

74

* (0,015 + 0,07 * H)

¥ (0,015 + Q.07 ¥ H)

*¥ (0.015 + 0.03 * B)

* (0,015 + 0.03 * B)
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APPENDLIA 11 OAMPLE PRUDLLEMS

SAMPLE PROELEM 1

RC.COLUNN 1.0
FROBLEM MENU:

——————— 1) UNIAXIAL
2) BI-AXIAL
T) CHECK A DESIGN

—————— -4) UNIAXIAL, INFUTSECTION.
5) UNIAXIAL, FIND SECTION
6) RI-AXIAL, INPUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROERLEM
OrR '0° . TO &UIT, ... 1
CAFACITY REDUCTION FACTOR = .7

<RETURN> OR NEW VALUE, ...

INFUT THE LDADS

AXIAL LOAD, PN, ... 2220

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... E

ECCENTRICITY,EX,...CM = 20

-INFUT MATERIAL FROFERTIES

CONCRETE STRENGTH, MFA = 30

“RETURN> OR NEW VALUE, ...
STEEL YIELD STRESS, MFA = 400

“RETURN> OR NEW VALUE, ...

ENTER THE SECTION GEOMETRY



<RETURN> OR NEW VALUE, ... 30
SECTION DEPTH, €M = ©

<RETURN> OR NEW VALUE, ... &0
COVER TO BAR CENTERLINE, CM = 5

“RETURN> OR NEW VALUE, ...

INFUT THE REINFORCEMENT FATTERN

BARSIZE,... 25

NUMEBER OF BARS,... 8

NUMEER OF SIDE EBARS, ...0
: . SOLVING
RESULTS
F'C. = 30 MFA E = 30 CM.
FY = 400 MPA H = &0 CM.
D’ = 5 CM.
8- #25°'G, O SIDE BARS

UNIAXIAL COLUMN ANALYESIS

AFFLIED LDQD —— 2220 kKN CFHI = .7

CAPACITY —————— 2134 EN NOT

ADEQUATE
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SAMPLE PROBLEM 2

HIT RETURN TO CDNTINUE...

RC.COLUMN 1.

PROBLEM MENU:

3)

—————— 4)
| 5)

&)

7)

ENTER TYFE OF FROEBLEM

OR ‘0’ TO QUIT,

e

UNIAXIAL
BI-AXIAL

CHECK A DESIGN

UNIAXIAL,
UNIAXIAL,
RI-AXIAL,
BI-AXIAL,

INFUTSECTION
FIND SECTION
INFUTSECTION

FIND SECTION

vas 2

CAFACITY REDUCTION FACTOR = .7

“RETURNY OR NEW VALUE,

NEW FHI = 1

INPUT THE LO

AXIAL LOAD,

ADS

PN, ...

I |

4160

DO YOU WANT TO ENTER MOMENT DR

ECCENTRICITY
MOMENT, MX,
MOMENT, MY,

(M/E),

.s. 1310

.aw 905

M

INFUT MATERIAL FROFERTIES

CONCRETE STRENGTH, MFA

“RETURN> OR NEW VALUE,

= 30

STEEL YIELD STRESS, MPA = 400

<RETURN> OR NEW VALUE,

«ws 300
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ENTER THE SECTION GEOMETRY

“RETURN> OR NEW VALUE, ... 65
SECTIDN DEFTH, €M = 60

“RETURN> OR NEW VALUE, ... 65

COVER TO BAR CENTERLINE, CM = 35

ZRETURNX> OR NEW VALUE, ...

INFUT THE REINFORCEMENT FATTERN

BARSIZE,... 45
NUMEER OF BARS,... 10

NUMEBRER OF SIDE BARS, ...93

SOLVING
SOLVING
n/? ‘
RESULTS
F'C = 30 MFA B = 65 CM.
FY = 300 MPA H = &5 CM.
D' =

5 CH.

10- #45°'5, S SIDE BARS

BEI-AXIAL COLUMN ANALYSIS

AFFLIED LOAD —— 41560 KN FHI

CAPACITY —=————- 4566 KN

ADERUATE
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SAMPLE PROBLEM

HIT <RETURN> TO CONTINUE...
RC.COLUHN 1.0
PROELEM MENU:

—————— 1) UNIAXIAL
: 2) BI-AXIAL
) CHECK A DESIGN

DESIGN

—————— 4) UNIAXIAL, INFPUTSECTION
3) UNIAXIAL, FIND SECTION
6) BI-AXIAL, INFPUTSECTION

7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM
- 0OR 'O TO QUIT, ... 4
CAFPACITY REDUCTION FACTOR = 1

“RETURNY> OR NEW VALUE, ... .7
NEW FHI = .7

INPUT THE LOADS -

AXIAL LOAD, PN, ... 2220

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... E

ECCENTRICITY ZWEX,. . .CM = 20

INPUT MATERIAL PROFERTIES

CONCRETE STRENGTH, MPA = 30

SRETURN® OR NEW VALUE, ...
STEEL YIELD STRESS, MPA = 300

<RETURN> OR NEW VALUE, ... 400
SECTION WIDTH, CM = 65

3 .
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{RETURN> OR NEW VALUE, ... 30
SECTION DEPTH, CM = &5

<RETURN> OR NEW VALUE, ... 60
MINIMUM STEEL RATIO = .01
CRETURN> OR NEW VALUE, ...
MAXIMUM STEEL RATIO = .04
<RETURN> DR NEW VALUE, ...

FRACTION OF STEEL AT SIDES
OF SECTION = .5

<RETURN> OR NEW VALUE, ... O
COVER TO EAR CENTERLiNE, CM = &

SRETURN> OR NEW VALUE, ...

SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
RESULTS
F'C = =0 MFA E = 30 CM.
FY = 400 MPA H = &0 CM.
D = 5 CM.
UNIAXIAL COLUMN DESIGN
LOAD MOMENT ECCEN.
2220 444 20 X
RHO =.0%4
STEEL AREA =44.15 SO CM., (TOTAL)

22.07 8& CM., (EACH FACE)
¢ S& €CM., (EACH SIDE)
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SAMPLE PROBLEM '4

HIT <RETURN> TO CONTINUE...
RC.COLUHN 1.0
PROELEM MENU:

ANALYSIS -
——————— 1) UNIAXIAL
2) RBI-AXIAL -
3) CHECK A DESIGN

—————— 4) UNIAXIAL, INPUTSECTION
'S) UNIAXIAL, FIND SECTION
&) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF PROBLEM
OrR "0" 70 @UIT, ... S
CAFACITY REDUCTION FACTOR = .7

“RETURNY> OR NEW VALUE, ...

INFUT THE LOADS

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... E

ECCENTRICITY,EX,...CM = 20

INFUT MATERIAL PRDPERTIES

CDNCRETE'STRENBTH, MFA = 30

“RETURNZ> OR NEW VQLUE, aen
STEEL YIELD STRESS, MFA = 400

<RETURN> OR NEW VALUE, ...
LEAST DEFTH, CM = ©

-
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<RETURN> OR NEW VALUE, ... 20
GREATEST DEFTH, CM = © ’

{RETURN> OR NEW VALUE, ... 63
INCREMENT OF DEPTH, CM = &

<RETURN> OR NEW VALUE, ...
RATID OF DEFTH TO WIDTH = 2

<RETURN> OR NEW VALUE, ...

MINIMUM-STEEL RATIO = .01
<RETURN> OR NEW VALUE, ...
MAXIMUM STEEL RATID = .04
<RETURN>» OR NEW VALUE, ...

FRACTION OF STEEL AT SIDES
OF SECTION = O

SRETURNS OR NEW VALUE, ...
COVER TO EAR CENTERLINE, CM =

ZRETURN> OR NEW VALUE, ...

' . SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING .
SOLVING
SOLVING
SOLVING
SOLVING
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RESULTS

F'C = 30 MFA R = 30 CM.
FY = 400 MFPA H = 55 CM.,
. D' = 5 CM.

UNIAXIAL COLUMN DESIGN,FOUND SECTION-

LOAD MOMENT ECCEN.
2220 444 20 X
RHO . =.036

STEEL AREA =59.4Z S0 CM., (TOTAL)
: 29.71 S& CM., (EACH FACE)
c 0 'sS@ CM., (EACH SIDE)
HIT <RETURN> TO CONTINUE... :
RC.COLUNMN 1.0
FROBLEM MENU:

ANALYSIS SAMPLE PRGBLEM 5
——————— 1) UNIAXIAL '
2) RBRI-AXIAL.
%) CHECE A DESIGN

DESIGN :

————— - 4) UNIAXIAL, INFUTSECTION
3) UNIAXIAL, FIND SECTION
6) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM
OR 'Q' T0 QUIT, ... 6.
CAFPACITY REDUCTION FACTOR = .7

<RETURN>»® OR NEW VALUE, ... 1
NEW FHI = 1 :

INFUT THE LOADS

AXIAL LOAD, PN, ... 4160
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DO YOU WANT .TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... M

MOMENT, ™MX, ... 1310

MOMENT, MY, ... 505

INPUT MATERIAL PROPERTIES

CONCRETE STRENGTH, MFA = 3O

SRETURN: OR NEW VALUE, ...
STEEL YIELD STRESS, MFA = 400

CRETURN> OR NEW VALUE, ... 300
SECTION WIDTH, CM = 30

ZRETURN> OR NEW VALUE, ... &5
SECTION DEFTH, CM = S5

<RETURN: OR NEW VALUE, ... &5
MINIMUM STEEL RATIO = .01
ZRETURN> OR NEW VALUE, ...
. MAXIMUM STEEL RATID = .04
<RETURN:> OR NEW VALUE, ...

FRACTION OF STEEL AT SIDES
-OF -SECTION = O

ZRETURN> OR NEW VALUE, ... 0.5
' COVER TO BAR CENTERLINE, CM = 5

<RETURN> OR NEW VALUE, ...
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
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SOLVING

SOLVING
SOLYING
SOLVING
. SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
 RESULTS
F'C = 30 MPA- B = 65 CM.
FY = 300 MPA H = &5 CM.
D' = S CM.
EI-AXIAL COLUMN DESIGN
LOAD MOMENT ECCEN.
4160 1310 31.49 X
505 12.13 Y

RHO =028
STEEL AREA =119.48 SG CM., (TOTAL)
- £9.87 S@ CM., (EACH FACE)
29.87 S0 CM., (EACH SIDE)



HIT <RETURN> TO CDNTINUE...‘ SAMPLE PROBLEM 6

RC.COLYMN 1.

FROELEM MENU.

ANALYSIS
——————— 1)
2)
Y
DESIGN
——————— 4)
=)
&)
7)

ENTER TYFE OF PROEBLEM
TO QUIT,

orR "0

UNIAXIAL
BI-AXIAL

UNIAXIAL ,
UNIAXIAL,
RI-AXIAL,
BI-AXIAL,

- CHECE. A DESIGN ~

INFUTSECT ION
FIND SECTION
INPUTSECTION
FIND SECTION

eee 7

CAPACITY REDUCTIDN FQCTDR =1

<RETURN> OR NEW VALUE,

INFUT THE LD

AXIAL LOAD,

ADS

FN, ... 4160

DO YOU WANT TO ENTER MOMENT OR

ECCENTRICITY
MOMENT, MX,
MOMENT , MY,

(M/EY, .

ee. 1310

el D05

. M

INFUT MATERIAL FROPERTIES

CONCRETE STRENGTH, MPA

<RETURN> OF

NEW VALUE,

= J0

STEEL YIELD STRESS, MFA = Z00Q
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<RETURN> OR NEW VALUE,
LEAST DEPTH, CM = 20

“RETURN> OR NEW VALUE,
GREATEST DEFTH, CM = 6q

v ue 6O

“RETURN> OR NEW VALUE -e 70

INCREMENT OF DEFTH, CM = 3

<RETURN> OR NEW VALUE, .

pras

RATIO OF DEFTH TO WIDTH = 2

<{RETURN> OR NEW VALUE, ... 1

MIMIMUM STEEL RATIO = .01

<RETURN> OR NEW VALUE,

MAXIMUM STEEL RATIO = .04

“RETURN> OR NEW VALUE, ...
FRACTION OF STEEL AT SIDES
OF SECTION = .5

“RETURN> OR NEW VALUE,

COVER 7O BAR CENTERLINE, CM =

<RETURN> OR NEW VALUE,
SOLVING
50LVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
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SOLVING
. RESULTS
F'C = JIOMFA R = 65 CM.
FY = 300 MFA H = &5 CM.
D' = 5 CM.

EI-AXIAL COLUMN DESIGN,FOUND SECTION

- LOAD MOMENT ECCEN.
4160 ' 1310 %1.49 X
: 05 12.13 Y
RHO =.028

STEEL AREA =119.48 S8 CM., (TOTAL)

‘ 29.87 S& CM., (EACH FACE)
29.87 86 CM., (EACH SIDE)

HIT <RETURNX> TO CONTINUE...

RC.COLUMN 1.0

FROEBLEM MENU:

ANALYSIS SAMPLE PRCBLEM
——————— 1) UMIAXIAL :

=) RI-AXIAL

=) CHECE A DESIGN

e 4) UNIAXIAL, IMFUTSECTION
=) UNIAXIAL, FIND SECTIOM
&) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROBLEM

: OR 70 70 QUIT, .. 3
RC.COLUNN 1.0 '
PROBLEM MENU:

ANALYSIS ’
——————— 1) UNIAXIAL
: 2) BI-AXIAL

ENTER TYFE OF FROBLEM
COR ‘Q° TO QUIT, ... 2
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CAFACITY REDUCTION FACTOR = 1

<RETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, FN, ... 4150

DO YOU WANT TO ENTER MOMENT. OR
ECCENTRICITY (M/E), ... M

MOMENT, MX, ... 1310

MOMENT, MY, ... 505
DO YOU WANT TO CHECK SLENDERMESS 7
Y/N ....N

SOLVING
SOLVING
RESULTS
F'C = 3I0 MFA E = 65 CM.
FYy = 300 MPA H = &5 CM.
' . D' = 5 CM.
CRHO =. 078

STEEL AREA =119.48 S& CM., (TOTAL)
_ 29.87 S& CHM., (EACH FACE)
29.87 s& CM., (EACH SIDE)

BI-AXIAL COLUMN ANALYSIS

APFLIED LOAD ~= 4160 KN FHI = 1

CAPACITY —————— 41673 KN ADEOUATE

89



HIT <RETURN> TO CONTINUE... SAMPLE PROBLEM 8

RC.COLUNN 1.0
PROEBLEM MENU:

—————— = 1) UNIAXIAL
‘ : 2) RI-AXIAL
- 3) CHECK A DESIGN

—————— 4) UNIAXIAL, INFUTSECTION
9) UNIAXIAL, FIND SECTION
6) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM

0RO TO GUIT, ... 3
RC.COLUNN 1.¢ C
FPROELEM MENU:

e 1) UNIAXIAL
2) BI-AXIAL

ENTER TYPE OF FROELEM
or "0 TO QUIT, ... 2
CAPACITY REDUCTION FACTOR = 1

CRETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, FN, ... 4160

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... M

MOMENT, MX, ... 1210
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MDMENT MY, ... 505

DO YOU WANT TO CHECK SLENDERNESS 7
Y/N ....Y

INFUT OR FIND TYFE OF FRAME

BRACED OR UNBRACED 7

I/F ...F

HIGHT OF BUILDINC,.M..BH 15

TOTAL VERTICAL LDAD,.FN..VL = 9500
NUMBER OF STORIES ...NS5 = &

TYPES OF VERTICAL ELEMENTS...TE = 3
# OF SIMILAR VERTICAL ELEMENTS..NE
SECTION DEFPTH ...1.6 '

SECTION WIDTH ...0.3

# OF SIMILAR VERTICAL ELEMENTS..NE

n
[y
w

1l
t
[T

SECTION DEFTH ...1.1
SECTION WIDTH ...0.9
# 0OF SIMILAR VERTICAL ELEMENTS..NE = 24
SECTION DEPTH. ...0.4
SECTION WIDTH ...1.8

CX=.111556907

CY=. 08R&06155

BV=.7

BRACED IN X~-DIRECTION

BERACED IN Y-DIRECTION

INFUT OR FIND K VALUES 7
I/F....1

COLUMN-X. . B, H, L.« ZOT, 65,50
BRACED EFFECTIVE LENGTH FACTOR-X, KEX=.9
LARGER END MOMENT—-X..MXZ2=13210

-SMALLER END MOMENT-X..MX1=1200

ERACED EFFECTIVE LENGTH FACTOR-Y, ERY=,95
LARGER END MOMENT-Y, MYZ2=505

SMALLER END MOMENT-Y, MY1=400

UNEBRACED END MOMENT-X, MX3Z=3I50

UNBRACED AXIAL LOAD-X., UFPX=S500 .
DEAD AND LIVE LOAD MMOMENTS-X, DM,LM=600,710
DX=1.07189136 :
UNEBRACED END MOMENT-Y, MYZI=R270

UNBRACED AXIAL LOAD-Y ., UFRY=4L50

DEAD AND LIVE LOAD MOMENTS-Y, DM,LM=205,300
DY=1.0252243%9

DEX = 1.07139136 . DSX = 1

MX = 1754.17769 EX = 42.1677328

DEY = 1.02522489 DSY = 1

MY = 787.738572 ' EY = 18.9360234
' SOLVING

SOLVING



RESULTS
F'C = 30 MFA B = &S CH.
FY = Z00 MFA H = 65 CHM.
‘ D = © CM.
RHO =.028 v :
STEEL AREA =119.48 s& CM., (TOTAL)

29.87 5s& CM., (EACH FACE)
29.87 s& CM., (EACH SIDE)

" BI-AXIAL COLUMN ANALYSIS

AFFLIED LGAD.—— 4160 KN FHI = 1

CAFACITY ——-

HIT <RETURN> TO CONTINUE...
RC.COLYUNN 1.

——— 288& KN NOT ADELUATE

0

FROBLEM MENU:

2)

_.:‘)
-t

——— B
S)

8)
7)

SAMPLE PROBLEM 9
LNIAXIAL
BI-AXIAL :
CHECE. A DESIGN

UMIAXIAL, INPUTSECTION
UNIAXIAL, FIND SECTION.
BI-AXIAL, INPUTSECTION
BI-AXIAL, FIND SECTION

ENTER TYFE OF FROEBLEM

OrR "0 TO QUIT, ... 3
RC.COLUMN 1.0C
FROBLEM MENU:

ANALYSIS
———————— 1)

S 2)

UNIAXIAL
BRI~AXIAL

ENTER TYFE OF FROELEM
OrR 0" 70 QUIT, ... 2
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CAFACITY REDUCTION FACTOR = 1

<RETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, FN, ... 4160

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... M

MOMENT, MX, ... 1310

MOMENT, MY, ... 505

DO YOU WANT TO CHECK SLENDERNESS 7
Y/N o..Y ' ' '
INFUT OR FIND TYFE DF FRAME
ERACED OR UNBRACED 7

I/F ... 1 '

ERACED IN X-DIRECTION

CY/NL LY S

- BRACED IN Y-DIRECTION

Y/NL...Y

INFUT OR FIND E VALUES 7

1/F....F : -
COLUMN=-X..E,H,L.. .65,.65,6 '
UPPER COLUMN-X..E,H,L.. .65 , .45 b

“RETURN> OR NEW VALUES... .o
L7

oo
25

LOWER COLUMN-X..E,H,L.. .68 , .65 &

L]

<RETURN> OR NEW VALUES. ..

INFUT NEW COLUMN LENGTHS FOR Y-DIRECTION
CY/N..Y

COLUMN-Y...L = &

<RETURN> OR NEW VALUE, ...
UFPFER COLUMN-Y...L = 6

SRETURNY OR NEW VALUE, ... 5.5
LOWER COLUMN-Y...L = &

CYRETURN: OR NEW VALUE, ... 4.2
RIGHT UFFER REAM=X..E,D,L.. .4,.7,5
LEFT UFFER BEAM-X..E,D,L.. .4 , .7 , S

“RETURN> OR ,NEW VALUES...

. e e s e

- 93



HluH! LUWER HEAM-X. . B,D,L.. 4 4y w7 4. O ' _94
<RETURN> OR NEW VALUES.. .6

"') 7 X

24 ! ‘ : :
LEFT LOWER BEAM-X..E,D,L.. .4, .7 , 5

<RETURN> OR NEW VALUES...

LARGER END MOMENT-X..MX2=1310
SMALLER END MOMENT-X..MX1=950

RIGHT UFPPER REAM-Y..E,D,L.. .6,.8,4

LEFT UPPER BEAM-Y..E,D,L.. .6 , .8 , 4
| {RETURN> OR NEW VALUES... .é&
"5 o
oE
, 4

RIGHT LOWER EEAM- Y..E,D,Le. .6 , .8

' ¢RETURN> OR NEW VALUES... =
LEFT LOWER EEAM-Y..E,D,L.. .& , .9

“RETURN>» OR MEW VALUES...

LARGER END MOMENT-Y, MYZ=505 .

SMALLER END MOMENT-Y, MY1=445 '
SLENDERNESS 1S NEGLIBIBLE IN X- DIREDTIDN
F1=24,4943874

Fa=25.,29770%99

UNEBRACED END MOMENT-Y, MY3E=310

UNERACED AXIAL LOAD-Y, UFRY=4950 :
DEAD AND LIVE LOAD MOMENTS ~-Y, DM,LM=205,300
DY=1.08956797

DEY = 1.0B956797 - DSY1= 1
MY = Bo0.231822 . EY = 20.6786496
: SOLVING
SOLVING
RESULTS
F'C = 30 MPA E = &5 CM.
FY = = 300 MPA H = &5 CM.
D’ = S CM.
RHO =.028

STEEL AREA =119.48 58 CM., (TDTAL)
29.87 88 CM., (EACH FACE)
29.87 S& CM., (EACH SIDE)

BI-AXIAL COLUMN ‘ANALYSIS

AFPPLIED LOAD —— 4160 KN PHI = 1

CAFPACITY —————- 3611 EN NOT ADEQUATE



SAMPLE PROBLEM 10

HIT <{RETURN> TO CONTINUE...
RC.COLVMN 1.0
PROBLEM MENU:

——————— 1) UNIAXIAL
P 2) BI-AXIAL
%) CHECE A DESIGN

—————— 4) UNIAXIAL, INFPUTSECTION
o) UNIAXIAL, FIND SECTION
6) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FPROBLEM

OR ‘O’ TO QUIT, ... =
RC.COLUMN 1.0
PROBLEM MENU:

ANALYSIS o
_______ 1) UNIAXIAL
2) BI-AXIAL

ENTER TYFE OF FROELEM :
OFR "0 TO QUIT, ... 2

a

CAFACITY REDUCTION FACTOR = 1

SRETURN® OR NEW VALUE, ...

INFUT THE LOADS

AX1AL LOAD, FN, ... 4160

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... M

MOMENT, MX, ... 1310

MOMENT, MY, ... SO5
DO YOU WANT TO CHECK SLENDERNESS 7
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Y/N ou..Y
INFUT OF FIND TYFE OF FRAME
ERACED DR UNERACED 7
I/F ...1
ERACED IN X-DIRECTION
Y/N...N
ERACED IN Y-DIRECTION
Y/NouuoN ,
TYPES OF COLUMNS IN THE STOREY...Z2
INFUT OR FIND kK VALUES 7
I/F....1
COLUMN=X. . E, H,L.. .65,.45,5
ERACED EFFECTIVE LENGTH FACTOR-X, KEX=.9S5
# OF SIMILAR COLUMNS~X...7
UNERACED EFFECTIVE LENGTH FACTOR-X, KUX=3
ERACED EFFECTIVE LENGTH FACTOR-Y, KEY=.85
# OF SIMILAR COLUMNS-Y...7 ‘
UNBRACED EFFECTIVE LENGTH FACTOR-Y, KUY=2.5
LARGER END MOMENT~X, MX2=1310
SMALLER END MOMENT-X, MX1=785
UNERACED END MOMENT~X, MXI=400
UNERACED AXIAL LOAD-X, UFX=5550
DEAD AND LIVE LOAD MMOMENTS-X, DM,LM=650,660
TOTAL STORY LDAD, TF=7500 :
DX=.925778678
LARGER END MOMENT-Y, MY2=50%5
SMALLER END MOMENT-Y, MY1=410
UNERACED END MOMEMT-Y, MY3I=330
UNERACED AXIAL LOAD-Y, UFY=4900
DEAD AND LIVE LOAD MDMENTq Y, DM,LM=195,310
DY=. 993251964
COLUMN-X. .E,H,L.. .4,.5,4
# OF SIMILAR COLUMNS-X...S k
UNERACED EFFECTIVE LENGTH FACTOR-X, KUX=Z.7
# OF SIMILAR COLUMNS-Y...S
UNERACED EFFECTIVE LENGTH FACTOR-Y, KUY=2.&
DEAD AND LIVE LOAD MMOMENTS-X, DM,LM=270,400
DEAD AND LIVE LDAD MOMENTS-Y, DM,LM=265,300

SX=1.205644568

DBEX = 1 DEX = 1.203464468

MX = 17%1.45787 : ‘ EX = 432.0638912
SY=1.quhL86h

DEY = 1 - DSY = 1.15050865

MY = 884.667854 EY = 21.26603542

SOLVING
SOLVING



RESULTS

F'C = 30 MFA B = 65 CHM.

FY = F00 MFA H = 65 CM.
D' = & CHM.

RHO =.,028

STEEL AREA  =119.48 S@& CM., (TOTAL)

Z27.87 80 CM., (EACH FACE)
£29.87 56 €CM., (EARCH SIDE)

BI-AXIAL COLUMN ANALYSIS

APPLIED LOAD ~— 4160 KN FHI = 1

CAFACITY —————~ 2740 KN NOT ADEQUATE

HIT <RETURN> TO CONTINUE...
RC.COLEMN 1.¢
FROBLEM MENU:

SAMPLE PROBLEM T1

——————— 1) UNIAXIAL
: Z) BI-AXI1AL
3) CHECKE A DESIGN

—————— ~4) UNIAXIAL, INPUTSECTION
v S) UNIAXIAL, FIND SECTION

&) BI-AXIAL, INFUTSECTION

7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM

or 'O TO GQUIT, ... 3
RC.COLUNN 1.0
PROBLEM MENU:

ANALYSIS
m—m—== 1) UNIAXIAL
' %) BI-AXIAL

ENTER TYFE OF FROELEM
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. Ok ‘0" TO QUIT, ... T
CAFACITY REDUCTION FACTOR = 1

“RETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, PN, ... 4160

DO YOU WANT TQ ENTER MOMENT OR
ECCENTRICITY (M/E), ... M

MOMENT, MX, ... 14600

MOMENT, MY, ... 350 o |
DO YOU WANT TO CHECK SLENDERNESS 7
Y/N ....N

SOLVING
SOLVING
RESULTS -
F'C = 30 MFA E = &5 CM.
FY = Z00 MFA H = &5 CM.
D' = 5 CM.
FHO =. 028

STEEL AREA =119.48 &0 CHM., (TOTAL)

29.87 s CM., (EACH FACE)
22.87 5@ CHM., (EACH SIDED

BI-AXIAL  COLUMMN ANALYSIS

AFPLIED LOAD —— 4160 KN - PHI = 1

CAPACITY —————— 599 KN NOT ADEQUATE
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SAMPLE PROBLEM 12

RC.COLUMN 1.0
FROEBLEM MENU:

————— - 1) UNIAXIAL-
2) BI-AXIAL
'3) CHECK A DESIGN

S m———— 4) UNIAXIAL, INFUTSECTION
9) UNIAXIAL, FIND SECTION
6) EBI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM
’ Or ‘0" TO GQUIT, ... 4
CAPACITY REDUCTION FACTOR = .7

“RETURNX> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, FN, ... 2220

DO YOU WANT TO ENTER HDMENT GR
ECCENTRICITY (M/E), ... E

ECCENTRICITY,EX,...CHM = 20

INFUT MATERIAL FROFERTIES

CONCRETE STRENGTH, MFA = 30

<RETURN> OR NEW VALUE, ...
STEEL YIELD STRESS, MFA = 400

{RETURN> OR NEW VALUE, ...
SECTION WIDTH, CM = 3

“RETURN: OR NEW VALUE, ... 30
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SECTION

<RETURN>

MINIMUM

“RETURN>

MAX IMUM

<RETURNZ>

DEPTH, CM = 65

OR NEW VALUE,

STEEL RATIO = .01

OR NEW VALUE, ...

STEEL RATIO = .04

OrR NEW VALUE,

.

FRACTION OF STEEL AT SIDES

OF SECT

I0N =

<RETURN> OR NEW VALUE, ...

COVER TGO BAR CENTERLINE, CM

<RETURN> OR NEW VALUE, ...

RESULTS

o

RHO
STEEL A

0 MFA
400 MFA

SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING
SOLVING

I
nunu

=, 024 :
REA =44.1% S0 CM.,
22.07 S& CM.,

0 S& CM.,

30

60 CM.

5

0

65O

CH.

M.

(TOTAL)
(EACH FACE)
(EACH SIDE)
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SAMPLE PROBLEM 13

HIT <RETURN>* TO CONTINUE...
RC.COLUHN 1.0
FROBLEM MENU:

——————— 1) UNIAXIAL
2) BI-AXIAL
3) CHECK A DESIGN

—————— " 4) UNIAXIAL, INPUTSECTION:

I) UNIAXIAL, FIND SECTION
6) BI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROBLEM

Ok "0° TO @UIT, ... =
RC.COLUNN 1.0
PROBLEM MENU:

ANALYSIS -
—————== 1) UNIAXIAL
, 2) BI-AXIAL

ENTER TYFE DOF FROELEM

Oor O TO QUIT, .. 1
CAFACITY REDUCTION FACTOR = .7
<RETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, PN, ... 2220

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... Hé&

MOMENT, MX, ... 390
DO YOU WANT TO CHECK SLENDERNESS 7
Y/N v..oN - ‘

SOLVING
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RESULTS

F'C = 30 MFA - 'H
FY = 400 MPA -~ H
: D’
RHO =.024
STEEL AREA =44.15 S
22.07 st
0 50 CHM.,

=0 CM.

= &0 CHM.
= 3 CM.

CM., (TOTAL)

CM., (EACH FACE)

(EACH SIDE)

UNIAXIAL - COLUMN ANALYSIS

AFFLIED LOAD =- 2220 EN FHI = .7

CAFACITY —————- 2806 K

N ADERUATE

HIT <RETURN> TO CONTINUE. ..

RC.COLYMN 1.0
PROBLEM MENU:

SAMPLE PROBLEM 14

ANALYSIS
——————— 13 UNIAXIAL

2) BI-AXIAL

3) CHECE A DESIGN
DESIGN

—————— 4) UNIAXIAL,
' 5) UNIAXIAL,
&) BI-AXIAL,
7) BI-AXIAL,

ENTER TYFE OF FRORLEM
OR ‘O TO QUIT,

CRCLCOLYMN 1.0

FROEBLEM MENU:

ANALYSIS -
________ 1) UNIAXIAL
2) BI-AXIAL

ENTER TYFE OF FROELEM

INFUTSECTION
FIND SECTION
INFUTSECTION
FIND SECTION

-r
= » ~
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, OR ‘0° TO @UIT, ... 1
CAFACTTY REDUCTION FACTOR = .7

ZRETURN> OR NEW VALUE, ...

INFUT THE LOADS

AXIAL LOAD, PN, ... 2220

DO YOU WANT TO ENTER MOMENT OR
ECCENTRICITY (M/E), ... E

ECCENTRICITY,EX,...CM = 20 -
DO YOU WANT TO CHECK SLENDERNESS 7.
Y/N oo

INFUT OR FIND TYFE OF FRAME

BRACED OR UNBRACED 7

I/F ...1

BRACED IN X-DIRECTION
Y/N...Y -

INFUT OR FINMD E VALUES 7
I/F.0ual E

COLUMN=-X. . E,H,L.. e B,.6,0

ERACED EFFECTIVE LENGTH FACTOR-X, KRX=0.9 -

LARGEFR END MOMENT-X..MX2=4407

SMALLER END MOMENT-X..MX1=380

UNBERACED END MOMENT-X, MYXIZ=2E0

UNEBRACED AXIAL LOAD-X, UFX=3850

DEAD ANMD LIVE LOAD MMOMENTS-X, DM,LM=1959,250

DE=1.,13272410%

DREX = 1.13274109 nsX

My = 755.891784% EX
SOLVING

1
I3. 950895

. n

RESULTS

20 MEFA E

Freoo o= = 0 CM.
Fy = 400 MPA H = &0 CHM.
: D= & CM.

: L



RHO =. 024 |
STEEL AREA =44.15 S@ CM., (TOTAL)
| 22.07 S& CM., (EACH FACE)
0 S0 CM., (EACH SIDE)

UNIAXIAL COLUMN ANALYSIS

AFFLIED LOAD —— 2220 kN FHI = .7

CAFACITY —————— 1550 EN ~ NOT ADERUATE

HIT <RETURN> TO CONTINUE...3
RC.COLUHN 1.0
FROELEM MENU:

SAMPLE PROBLEM 15

———————— 1) UNIAXIAL
Z) BI-AXIAL
3) CHECK A DESIGN

——————— 4) UNIAXIAL, INFUTSECTION
S) UNIAXIAL, FIND SECTION
&) RBI-AXIAL, INFUTSECTION
7) BI-AXIAL, FIND SECTION

ENTER TYFE OF FROELEM

OF 'O TO QUIT, ... =
RC.COLYMK 1.0
FROBLEM MENU:

ANALYSIS '
e 1) UNIAXIAL
. Z) BI-AXIAL

ENTER TYFE OF FROBLEM

DR "0’ 70 @UIT, ... 1
CAFACITY REDUCTION FACTOR = .7

<RETURN> OF NEW VALUE, ...

INFUT THE LOADS
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AXTIAL LOAD, PN, ... 1560

DO YOU WANT TO ENTER MOMENT OR
 ECCENTRICITY (M/E), ... E

ECCENTRICITY,EX,...CM = 20

DO YO WaNT TO CHECK SLENDERNESS 7

Y/M ...y

INFUT OR FIND TYFE OF FRAME

ERAGCED OR UNBRACED 7

I/F ...1

ERACED IN X-DIRECTION

Y/Ne oo N

TYFES OF COLUMNS IN THE STOREY...Z2

INFUT OR FIND K VALUES 7

§ 4 U

COLUMN-X..EB,H,L.. .3,.6,5 A

BRACED EFFECTIVE LENGTH FACTOR-X, KEX=.9

# 0OF SIMILAR COLUMNG-X...7 '

UNBRACED EFFECTIVE LENGTH FACTOR-X, KUX=Z.4

LARGER END MOMENT~X, MX2=31Z2

SMALLER END MOMENT-X, MX1=245

UNERGACED END MOMENT-X, MX3=230

UNEBRACED AXIAL LOAD-YX, UFX=4500 :

DEAD AND LIVE LOAD MMOMENTS-X, DM,LM=112Z,200

TOTAL STORY LOAD, TF=S5000

D¥=1.02923744

COLUMN-X. . B H,L. . .4,.7,4.5

# OF SIMILAR COLUMNS-X...H

UNEBRACED EFFECTIVE LENGTH FACTOR-X, kKUX=1.9

DEAD ARD LIVE LOAD MPOMENTS-Y, DM, LM=20U.¢O”

SY=1, 06721057 .

DEY = 1.02923744 DSX 1.06521097

Py = S&7.040404 EX = 36.34875&7
SOLYING

"

RESULTS

F'C o= T0 MPA B = 30 CM.

FYy = 400 MPA H = &0 CM.
' D' = 5 CM.

RHO =.024

STEEL AREA =44.15 SB CM., (TOTAL)

22.07' 86 CM., (EACH FACE)
0 s CM., (EACH SIDE)

UNIAXIAL COLUMN ANALYSIS

AFFLIED LOAD -—- 1560 KN PBI_= -7

CARARTTY ——e——— 1480 KN AMAT ANEANATE
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APPENDIX 111 IDENTIFIERS

A) .

(o2 TN S 2 BN < S S A

[eoBEEN|

10.
11.

12,
13.

14
5.
16.
7.
18.
19.

MAIN PROGRAM

AE is area of steel along sides

AF is area of steel 1in one face

‘AG is gross section area

AN is answer (Dummy)

AS‘is total area of steel in section

BA is area of one bar (temporary)

BF is number of bars along side of section

BN is number of bars

BS is bar size (Nominal) T

BX% is biaxial flag (0-Unijaxial)

B is width of section

CC is the concrete compression fesU]tant force

CD is the distance from NA to compression face steel

. CE is strain at compression face steel

CF ds the strain in thekside steel at the compression face
CH is high 11mi£ on neutral axis

CX% is flag for desigh check

CL is Tow 1ihit on neﬁtra] axis

CP is plateau depth of yielded compression steel
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20,
21.
22.
22.
23
24,

25.
26.

28.
29.
30,
37.
3.
33.
34,
35,
36.

107

CS is the stress in the compression face steel

C is depth to neutral axis

C1ris resultant of compresgion face steel

C2 is the resﬁ]tani of cqmpression plateau side steel

C3 is the resultant of elastic compression side steel

-DP is cover to bar center

D is effective depth of tension face steel
EM is eccentricity roughly cdrresponding to ACI maximum column ioad
ET is target écceﬁtricity for capaéity check
EX is eccentrieity about X-axis . |
EY is eccentricity about Y-axis

EPY is steel yield strain

E is eccentricity of load

E1, E2, E3 are strains used in finding MP
FPC is concrete strength

FY is steel yield stress

HB is rat1o of section height to w1dth

HI is increment of section depth

HM is maximum section depth

HN is minimum section depth ‘ .

" H is depth of section

HZ is H/2

~JD is internal lever arm of face steel

K29 is 200000
K3 is p.pp3
MB is moment at balanced conditions

MP is moment at zero axial load



108
46. MX 1s MX

47. MY is MY

48. NN is nominal column cépacity

49. PB load at balancéd conditions

50. PHI is capacity reduction factor
51. PN is réquired capacity for design

'52.  PT% is problem type flag

@

PX 1is 1oad capacity with EX
5. PY is load capacity with EY

5E. P is load capacity returned from P-M curve
56. PP is load capacity for pure axial case
&7, QP% is flag for problem revision
58. | RHO is steel ratiolfor a section
59. RL is Tower bound to Stee] ratio
€0. RN is design minimum steel ratio
"61. RS is fraction of stee] at sides of section
62 . RU is upper bound to steel ratio
63. RY. is design maximum steel ratio

6. R is string "RE-ENTER"

65. SB is section width in P-M subroutine

66.  SH is section width in P-M subroutine

67. TD is distance from NA to tension face steel
68. TE fs the strain in the ténsion face steel

69. TF is .the strain in the side steel at the tension face
70. TL is iteration tolerance

71. TP is plateau depth 6f yielded tension steel

72. . TS is the gtrésg in the tension face sfee1,

73. T1 is the resultant of tension face steel



74,
750'

76.

77..

78.

T2 is the resultant of tension plateau side steel
‘T3 is the resultant of elastic tension side steel

XT is temporary identifier

YD is distance‘from level of yield strain to neutral axis.

Z] is beta-1

B) SUBROUTINE DESIGN FOR SLENDERNESS

79.
80.
81.
- 82,

83..
- 84..

85.
6.
87.
88.
89.
90.
91,
92.

93.
94.

95,
96.

AX'is eccentrjcity corresponding M2.

AX is eccentricity corresponding N2.

BH is hight of building.

BK is braced effective length factor in y direction
BV is comparison factor for bracing.

BX is By in x direction

"BY is g4 in y direction

B1 is width of right upper beam.

B2 is width of left upper beam.

B3 is width of rihgt lower beam.
B4 is width of 1eft Tower beam

CX is unsupported length of middle column in x direction

".CY is unsupported length of middlie column in y direction

DX is braced moment magnification factor in x direction.
DY is braced moment magnification factor in y direction.
D1 is depth of right upper béam

D2 is depth of left wupper beam

| D3 is depth of right lower beam
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97.

98.
99.

100.
101.
~102.
103.
104.
105.
106.
107.
108.
109.
110.
.
2.
113.
114.
115.
116.
17.
118.
119,
120.
121.
122.

D4
EC
FAX
FBX
FAY
FBY
FI%
FMX
FX
F1
F2
oY
61
62
e
H5
He
IX
Iv
Jx
Jv
KB
KU
LX
Ly
L1

is

is
is
is
is
is
is
is
is

is

is

is
is
is
is

is

is

is

is

is

is
is
is
is

is
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dept of left lower beam
modulus of'é]ésticity'of concrete. -
YA in x direction.
YB.in x direction.
VA in y direction
B in y direction /
flag for effective length factor
the smaller of FAX and FBX
the average of FAX and FBX
ke;/r ratio in x direction
34-12 M1/M2 or 22 in x d%rection
the average of FAY and FBY
key/r ratio in y direction
34-12 M3/Mp or 22 in y direction
depth of middle column in x direction
depth of upper column in x'direction;
depth of Tower column in x direction
total moment of -inertia of bracing elements in x direction
total moment df inertia of bracing elements in y direction
Cm in x direction
Cm in y direction

braced effective length factor in x direction

'unbraced effective length factor in x direction

unsupported length of lower column in x direction

unsupported length of lower column in y direction

‘]ength of right upper beam



length of 1eft upper beém_
length of right Tower beam
length of‘]eft lower beam
smaller end moment about x axis

Targer end moment about x axis.

unbraced end moment about x axis

number of similar bracing element.
number of stories in building.
number of similar columns in x direction

number of similar columns in y direction

'1arger end momeht»about y axis.

smaller end moment about y axis.
unbraced end moment about y axis.

sum of stiffnesses of columns at the upper end in x direction

m

sum of stiffnesses of columns at the lower end in x direction.

sum of stiffnesses of columns at the upper end in y direction.

sum of stiffnesses of. columns at the lower end in y direction.

total story load.

critical load about x axis.

critical load about y axis..

radius of gyration

unbraced moment magnification factor in x direction.

unbraced moment magnification factor y direction

SX% is bracing flag in x direction

SY% is bracing flag in y direction.

123. L2 is
124. L3 is
125. L4 is
126. M1 is
127. M2 is
128. M3 is
129. NE is
130. NS is
131. NX is
132, NY is
133. N1 is
134, N2 is
135, N3 is
136. 01 is
137, 02 is
138. 03 is
139. 04 is
140. PT is
141, PX is
142. PY is
143, P is
144, Sx is
145, Sy is
146,
147,
148, TC is
149. TE is
150, TX is
151, TY is

number of types of columns in the story
number of types of bracing elements.
total critical load of columns in the story in x direction.

total critical load of columns in the story in y direction.



152,
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
-167.
168.
169.
170.
71,
172.

UK

ux-

uy
VL

is
is
is

is

112

unbraced effectivev]ength}féctor'in y direction.
unsupported length of upper column in Xx direction.
unsupported ]eﬁgth of upper column in y direction.

total vertical Toad in building.

W is width of middle column in x direction.

W1
W2
XD
XE
XL
XR
XU
X1
X2
YE
YL
YR
YU
YY
Y1
Y2

is width of upper column in x direction.

is width of lTower column in x direction.

is

is

is

is
is
is
is
is
is
is
is
is
is

is

1ive load moment about y aXis.v

dead Toad moment in x direction.

EI value of middle column in x directiqn.

live load moment in x direction.

the ratio of smaller end moment to larger end moment in x direction.
the load causing sidesway in x direction.

the sum of stfffnesses of beams at the upper endin X direction.

the sum of stiffnesses of beams at the lower end in x direction.

EI va]ue»of‘hiddle column in y direction.

the ratio of smaller end moment to larger end moment in x direction.
the Joad causing sidesway in y direction. |

dead Toad MOment about y axis. _

the sum of stiffnesses of beams at the upper end in y direction.

the sum of stiffnesses of beams at the lower end in y direction.

>
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