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ABSTRACT

The problem of designing slender réﬁnforced concrete
columns for biaxially eccentric loads has been considered by many
investigators to date, but due to the complexity of the problem, a
simple accurate design method is ﬁot avadlable.

An improved method for the design of biaxially loaded
slender reinforced concrete columns is presented in this thesis. The
assumptions upon which it is based are well accepted in engineering
practice and the major variableé involved in the problem are taken into
consideration either singly or in groups. The method uses developed
section property curves which were produced for square section symme-
trically reinforced columns with a cover ratio of 0:75. The curves give
" the relatiénships between ultimate load, eccentricity, position of the
neutral axis and maximum strain for the two extreme eccentricity angles
0° and 45°. A calibrating factor is bresen;ed to enable the use of the
section property curves for other cover ratios. Rectangular section
columns can be designed using the same section property curves with the
aid of a second calib¥ation factor.

A companion experimental investigation was carried out to
study the effects of eccentricity, angle of eccentricity, steel ratio
and leangth on the ultimate load and the ultimate lateral deflection.

A total of 44 columns divided into four groups of 1l each depending on

e
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length and steel reinforcement used were tested until fallure in a
horizontal pinnmed-pinned configuration. T@é values of ul;imate loads
were recorded and deflection values were measured at different load
intervals in two orthogonal planes till failu?e.

The section property cur;es described above were found
to aéequaﬁely describe the experimental behaviour of the test columns.
Furthermore, using the presented section property curves to design

colums for biaxially eccentric loads gave results in close agreement

with those predicted by ACI 318-71.
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NOTATIQONS

= area of concrete

= area of steel

.

- smaller dimension of columns

=

factor rglaﬁing the actual moment diagram to an equivalent

moment diagram as per ACI 318-71

effective depth of section

distance from extreme compression fiber éo centréid of compression

reinforcement

eccentri;ity of load

ectentricity of isad on the X axis

eécentricity of load on the ¥ axis

modulus of elasticity of coﬁcrete

modulus of elasticity of steel

factor to corré&t for cover ratio

specified cylinder strength o.f concrete ’ ‘

allowable stress in steel

specified yield strength of reinforcement

cover ratio o
N

second moment of area of gross concrete area

second moment of area

effective length factor for compression members
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o

max

-design_ultimate moment about the Y axis

= design ultimate moment about the X axis

==

lengfb of column

ultimate moment

ultimate moment about Y axis
ultimate moment about X axis
defined in Figure (2-3)

allowable load

design ultimate load in compression member
.

ultimate load
ultimate load at e, with e, ™ 0
ultimate load at e with e, = 0
axial ultimate load

radius of gfration

larger dimension of columns cross—section

ix

= perpendicular distanceefrom neutral axis to point of maximm strain

ratio of maximum design dead load to maximum design total load

lateral displacement of column
lateral displacement om the Y axis
lateral displacement on the X axis
moment magnifier - as per ACI 318-71
strain

yield strain

maximum strain

[
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= percentage of reinforcement

=

=

curvature

curvature in the X plane
curvature in the Y plane
angle of eccentricity

capacity reduction factor
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_CHAPTER I

INTRODUCTION ™

Column is the name given to the.vertical structural
element which typically supports the floors and roofs of a building.
The columm is basically a compression member which transfers the loads
down to the foundatioms where they are zbsorbed by the substratas.

Ia the classic structures of Greece and Egypt, the columns
were of regular section, short and completely in compression. however,

o

the column in a modern building may be slende;, subje;ted to uniaxial or
bizaxia nding, shear and perhaps even transverse forces.

Structural' elements can be estiméted following two diffe-
‘rent design phiiosophies. The first is the service load desigm zethod
in which the properties of the section are calculated assuming that the

stresses are proportional to rhe straims and ultimate material stresses
are divided b} a safety factor to give allowable material stressés. In
the second design philosophy, namely the ultimate load method, the struc— .
tural element is designed to carry a multiple of the serv;ce loads at fai-
iure, and the properties of the section are usually calculated ignoriﬁg
the compatability of strains. The ultimate load method is generally

preferred for the design of reinforced ccncrete members as the problem

of compatability of strains is avoided, the actual failure load is easy
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to obtain by expef&ment and can be used to validate the prediction equa-
tion(s) and different load factors can be used for the various components
of load reflecting the lack<§i precision in their estimations.

Material failﬁ e governs the load capacity of short columms

under purely axial ioad. Ho&gvgr, an alternate mode of failure can occur

'. :
for slender columns which is failure by elastic, or inelastic instability.
Euler in 1744 presented a theoretical means of calculating the buckling
load of imitially straight columms under purely axial 1oa§§. Engesser
(1889) extended Euler's work to apply to non-elasti; buckling by inéro- -
ducing the concept of a tangent modulus of elasticity.

However in buildings, columms are neither perfectly stréight
or perfectly axially loaded. The Building Cddes specify that colummns must
be designed for the. greater of the calculated design eccentricities or a
minimum eccentricity to account fér initial lack of member straightmess
or the leoad not being applied perfectly concentrically.

A columm, or more correctly a beam columm, can be subjected
to a complete spectrum cf loadings ranging from pure axial load and zero
moment to zerc axial load and pure moment. This problem has been resolved
: =
for short columms under uniaxially eccentric loads by interaction diagrams
which give the envelope of column capacity as a continuous function of
axial load and moment (eccentricity).‘ Interaction diagrams are generally

available only for uniaxially applied loads.

The complete problem of the design of slender columns under

v



uniaxiai eccentric loads has usually been treated by modifying the
_resulgs of a shqert column to take into account slenderness effects.
Typically, the recommended Building Code requiyement of the ACI-318-63
allows the section to be designed as short columns but the load capacity
is linearly reduced with respect to the slendermess ratio. More recently
the ACI and CSA. adopted an alternative approach whereby the long columm
moment is magnified to account for slen&erness and the column is then
designéd‘as.a short colum with the magnified moment. Using the magni-
fication method, no account is takéﬁ of the strain compatability éf the
section in calculating the behaviour of a slender columm, i.e. the rela-
tionship between the curvatures-necessary to develop the strength charac4.
teristics of the section and lateral deflection due to.the curvature is
ignored.

The proﬁlem of slender columms under biaxiélly eccengfic

' ~—— ‘

loads is complicated by the lack &£ adequate short columm axial load
biaxial moment interaction curves and difficulties ig determining the
final eccentricities of the sleqpnf column. The 1971 versien of the ACI
Building Code requirements (ACI 318-71),'recommends that.thg moments in
each direction be magnified separately and ignores curvatures - lateral
displacement compatébility, and the fact that the maximum moments do not
necessarily occur at the same location on the column.

fhe present work introduces a method for the design of,
biaxially loaded slender reinforced concrete coluzns. The method takes

into account the compatability of strains and lateral deformations. It :
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depends on 2 set of produced section property curves whicﬁ give the
relationships between ultimate load, eccentricity, angle of eccentricity
and the position of the neutral axis for different concrete and steel
strengths, percentage of reinforcement and maximum straim values. The
curves provide tﬁé deéigner with the means‘to obtain a good initial
es;imate for the cross éection needed for the coiﬁmn as well as control-
/Eiegﬂghe-ﬁrial and error pro?edure which is unaveidable in the checking
procedure of a biaxially loaded slender ;olumh.

An experiment investigation was carried out to compare
the values of ultimate loads and deflectioms predicted by the proposed

design methed with those obtained experimentally.



CHAPTER II

REVIEW OF LITERATURE

The structural'behaviour of steel reinforced comcrete
colums under concentric, uniaxially eccentric and biaxially eccentric
loads has been under intensive investigation over the past 80 years.
This Chapter reviews the most significant contributions to the analysis
and design of reinforced‘concrete colums under the subheadings of (1)
short columms under concentric load; (2) short columns under uniaxially
eccentric load; (3) short columns under biaxially eccentric load; (4)
slender columns under concentric loads; (5) slender columns under unia-
xially eccentric load; (6) slender columms under biaxially eccentric

load, and (7) ACI 318-71 design method for reinforced cencrete columms.

2-1 Short Columns Under Comcentric Load

Considére (17) about 1900, suggested that the allowable
1oad of a short reinforced comcrete columm under axial load was simply
the algebraic sum of the allowable load of the reinforcement plus the

allowable load of the concrete.

P =Ac £ '+ Ast £ (2-1)
c s



where
P = allowable load
fc' = maximum allowable concrete stress
. fs = allowable stress in steel

Ac and Ast == areas of concrete and steel respectively

Considére's equation ignored completely the compatability
of strain between the concrete and thé steel.

Another approach taking into ccnsideration compatability
of strains in the concrete and.the steel assuming that both are elastic
materials was presented in 1894 by Coignet and Tedesco (14) and is com-

monly known as the straight line theory

P o=Ac £ [1 + (n-1) Pst] _ : (2-2)

where : j
zodulus of elasticity for steel E, i

o " modulus of elasticity for concrete E,

/
f )

Pst — Ast/Ac ' /

However in 1921, McMillan (27) suggksted| that the steel
reinforcement in reinforced concrete columms may develop stresses greater
than those predicted from elastic theory due to the plastic, (creep),

deformation of the concrete.



NS
This suggestion resulted in a series of major experimental

investigations sponsored by the ACI column research section. These in-

vestigations were carried out by Slater (40}, Slater and Lyse (41), and -

Richart and Brown (36) and others in the 1930s to develop ratiomnal equa-
. .

tions to predict the behaviour of short concentrically loaded columns.
These investigations concluded that the load deflection behaviour was
incalculable, at that time, but the ultimate load of such folumns could
be predicted by the equation

I)':-_ t -
P 0.85 Ac £ '« As £ < (2-3)

where N

P ' = ultimate axizal load

o
fc' = yltimate comcrete cylinder strength
£ = vield stress of reinforcement

However the case of pure axial lead is uﬁlikely to occur
in practice as columns are typically cast monolithic with beams and are
subject to moments from those beams. Following the development of the
Slope-Deflection and Moment-Distribution Methods from 1920 to 1930, the
moments and axial loads in the columms of frames could be calculated and a
knowledge of’the behaviour of reinforced concrete columns under eccentric

loads became important.



2-2 Short Columns Under Uniaxially Eccentric Loads

.

Whitney (43) in 1937 presented a semi-empirical formula
to predict the failure load of rectangular section reinforced columns

under combined axial load and bending when the failure was governed by

compression. ‘“'
2 As' fv bt fc'
Pu‘ T TZe ¥ 2 (2-4)
== +1 3te , 6dt-3t
d > =
) d 24
where
As' = area of steel in compression
d' = distance from extreme compression fiber to centroid

, of compressiocn reinforcement
d =~ effective depth of section
b = width of section

t = total depth of section

In 1938, Richart and Olsen (37) presented an empirical
formula derived from test results to relate the ultimate load capacity

of eccentrically loaded columns to the ultimate load of the same column

section concentrically loaded.



where

for failure by

e ™ eccentricity of load

¢ = distance from centroid to extreme fiber in -
compression

C = an empirical constant less than unity

k = radius of gyraticn of the column section

This formula was useful for compression failures but not
vielding of the reinforcement or tension failure.

To predict the failure load of columns governed by the

vield of the temsile reinforcement Whitney (&44) in 1942 introduced the

rectangular stress block with a uniform stress of 0.85 fc

' as equivalent

to the non linear compressive stress distributiom in the concrete.

Whitney developed the theoretical relationships for combined axial load

and moment using the rectangular stress block. Other descriptions of

the shape of the compressive stress distribution (stress block) for the

concrete have been suggested by Stlssi and others.

Hognestad (24), in 1951 introduced the dimensionless inter— -

action diagram giving the failure surface of a glven reinforced concrete



10

section under combined axial load and uniaxiallfﬁeccentric moment.
Hogrniestad assumed the concrete to have no tension capability, perfect
bond between the concrete and the steel, a linear variation of strain
and that the stresses in the concreée-and steel were determined from
theirﬁrespective stress strain oharacteristics. A typical interaction
diag¥am is shown in Figure (2-1). |
In the same work, Hognestad also presented 3 stress strain

characteristic for concrete in compression which is initially parabolié

and then linear. The initial tangent modulus of elasticity of Hognestad's

stress strain curve is given by

s .

E_ = 1,800,000 + 460 £ ' (2-6)

c c i

\

!
/

_ J

2-3 Short Colurms Under Biaxiallvy Eccentric Loads ('

. t
A three -dimensional surface is required (see Figure (Zkgle
to describe the failure of a short reinforced concrete column under bia-/
xially eccentric loads. In general, sucﬁ three dimensional interactions
are not available. Au (2), Chu and Pabarcius (12), and Mattock, Kriz
and Hognestad (26) all presented an approximately similar trial and ferror
design method to determine the section needed to sustain a given u%ﬁimate
ioad at a given biaxial eccentricity. The procedure would start by assu-

ming a section énd a position of the neutral axis, then the vdlue of the

N
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ultimate load could be calculated using Whitney's stress block for any
general stress distribution, assuming a maximum strain value for the
concrete. Subsequently, the assumed position of the neutral axis can

L)

be checked by the use of the equations of equilibrium. By trial and
error the correct position of the neutral axis can be determined for '
the assumed section and eventually the ultimate load it can sustain.

Furlong (23) and Fleming and Wermer (22) presented inter-
action diagrams for biaxially loaded columns, but due to the complexity
of the problem, these diagrams were confined to certain section geome-
tries, concrete and steel strengths and percentages of reinforcement.

In 1960, Bresler (3) suggested a very convenient method
by which the failure load of a short colum under biaxial eccentricities

could be obtained from the failure loads of the same section under uni-

axial eccentricity.

1 1 1 1
P T - P L + P T - P t (2-73)
) u x v o
where

Pu' == ‘ultimate load at eccentricities e, and e
simultaneously

?x' = yltimate load at e with ey.“ 0

P ' .= yltimate load at e with e =0

y ¥ x

P ' = axial ultimate load



In the same paper Bresler also sqggested a second appro-s
ximation to describe the biaxial moment-axial load behaviour by an

equation representing the moment contours at constant axial load

X & v 8
+ o a_=
G (Mf ) 1.0 (2-7b)
X b3
where | T
N - :
M}: ‘I}_ design momep.ts
ME_ Mf_ — uniaxial bending capacity
a a = empirical constants

Both of Bresler's suggested approxiﬁatiogs were criti-
¢ised by Pannel (3a2) in a discussién to the paper. Pannel stated that
equation (2-73) under estimated the actual failure load by up to 20
percent and that equation (2-7b) was up to 8§ percent inacurate.

Pannel (29) in 1963 proposed that the three dimensional
axial load biaxial moment interaction surface could be represented by
a uniaxial load moment interaction diagram plus a biaxial interaction
diagram. Pannel further assumed that the biaxial moment interaction
could be related to the uniaxial behaviour by the deviation between the
major axls moment and the mome;t about the diagonal and a simple trigo-

nometric relationship as shown in Figure (2-3).
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M sec @
v

-

y

.
I

1 - N sin”

where
va = ultimate moment about the Y axis
fo ~ ypltimate moment about the X axis
Hv = design ultimate moment about t
Hx = design ultimate moment about the X axis
¢ ~ ME [ME_

.o

tan & = Mx/Hy
Pannél also p;esented a trénsformation factor by which the
results for square seqtion églumns could be extended to apply to rectan-
gular sections.

Meek (28) in 1963 suggested modifying the interaction
contours obtained when cuttiﬁg the failure surface horizontally, i.e.

/—-,___/
at constant values of failure load Pu to two straight lines joining

uniaxial bending in the X and Y planes with the skew bending about the
diagonal of the section. |

In 1966 the Portland Cement Associlation (34) presented 2
design aid for the design of short rectangular reinforced concrete

colums subjected to biaxial bending. The design aid used Bresler's

(3) moment equation (equation (2-76) for obtaining the moment contours



obtainéd when cutting the failure surface of a biaxially loaded column

at constant values of the ultimate load Pu'.

Besler's equation was reworked into the following form

M M
(M; ) Log 0.5/Log 3 % (“1 ) Log 0.5/Log 8 = 1 (2-7¢)
X e )
where
M.t'Y va = . uniaxial bending capacity
M M = applied moments
xX v

the ordinate to the contours at the
point at which the relative moments

are equal.

The.equation is stated to describe the moment contours
with a difference of less than 5 percent ccmpared to those obtained by
a conventional method using equations of equilibrium with a rectangular
stress block.

To obtain numerical values of £, a computer preogramme was

prepared and curves were produced giving the variation of 8 with Pu'/DC‘

where Po' is the axial columm load, for different values of pf /fc'.
Variations in g (cover ratio) b/t and Fc' were found to have only a minor
effect on the values of £. The design aid used uniaxial load intersection

tables given in a preceeding design fid (33).
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Ramamurthy 1966 (35) presented approximate equatioms to
describe the biaxial moment interaction ef square and rectanguiéffsection
colums under biaxially eccentric loads. The equations were derived
assuming that the plane of action of the load to be normal to the neutral
laxis. A transformation factor was provided to :ransfgrm the load contour
of a rectangular section'qglumn'into an equivalent sqdﬁre section column.
The results given by the approximate method were compared with a stress
block type agalysis and experimental results and was found to be conser-
vative for high loads and adequate for low loads. )

Weber (42) in 1966 presented axial load diagonal moment
(skew bending) interaction charts for square section columes. Taken,
together with the conventional axial load uniaxial moment interaction
curves, the prime ﬁoints on the interaction surfaée were defined.

~

Brettle and Warner (4) in 1968 presented interaction dia-
grams for rectangular section reinforced concrete columns which related
the axial load, eccentricity, angle of eccentricity and the aspect of
ratio of the cro;s sectional dimensions of the section. These interaction
diagrams were only produced for a restricted number of aspect ratio's,
one cover ratic and for sections with 16 or more bars.

The. Comité Européen du Béton (15, 16), and Row and Paulay

(39) have recently presented biaxial interaction diagrams for rectangular

section short reinforced concrete columns.



16

All the biaxial interaction diagrams discussed in this
section were obtained for the ultimate behaviour of the section and

were calculated by either imposing a planar strain distribution with a

“maximum limiting strain on the section and assumed stress strain rela- .

tionships or by assuming the location of the neutral axis and using a

rectangular stress block.
-

when the effect ¢f slenderness is int;oduced, a reduction

in the ultimate load capacity should be considered due to the P -2

effects, i.e. a further complication is introduced inte the dZi%gg\

procedure.

2-4 Slender Coiumns Under Concentric Load

In 1744 Euler presented the mathematical solution to the

problem of buckling of elastic compressicn members namely

P == L LI 2_
Pr o) (2-9)
L
where
PE = buckling load
E = modulus of elasticity

I ~ moment of inertia-

L = /length of column
.
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The Euler buckling formula was modified to the Tangent

Modulus Method by Engesser in 1889 to take into account the material

stress strain characteristies.

(2-10)

7]
Bt

where

11
rt
1

tangent modulus of elasticity at load PTW

2-5 Slender Colurms Under Uniaxially Eccentric Loads

In 1958 Broms and Viest (5, 6) presented a theoretical
analysis to predict the ultimate load of pimmed and restrained slender
reinforced concrete columns under uniaxial ecceatric loads. The proce-
dure assumed the deflected shape as a consine wave and the relationships
between load, strain and moments were derived assuming Bognestad stress
strain curve for the concrete and an elastic perfectly plastic stress
strain curve for the steel. Restraining moments weTe assumed proportional
to the end rotations of the column.

In 1963 Cheng and Ferguson (9) derived relations for
colum slope and deflections. The solution of thes%:;elations was {1lu-
strated by a numeri;al method using the relations b;tween 103&, strain

’ -

and moments previously derived by Broms and Viest. The method does not /

depend on the cosime wave assumption for the deflected shape. (;i’/ﬁ



In 1964 Pfrang and Siess (31, 32) presented an analy-
tical study fox long restfaiued and unrestrained columns. The study
used Hognestad's stress strain curve for the concrete and ‘an elastic
perfectly plastic stress strain curve for the steel but no assumption
was made concerning the deflected shape of the columm. A numerical so-
lution using a computer to handle slendermess ratio, eccentricities,
percentage 0f reinforcement, and &egree of end restraint, was developed.

Ip 1965 Riad (38) introduced a strain analysis to obrain

the ultimate load of a uniaxially loaded slender column. Riad's appreach

was based on trial and error. /§iad Jerived curves giving the relation-

ships between load, eccentricity and pogition of the neutral axis, and

these curves were used to establish a curvature diagran from which eccen-
tricities can be checked. Rigd's curves however were confined to 2 parti-

siv/ceTeaTs iterat] ;
cular problem s=tr certarn geomentry and several reiterations were needed
to achieve a solution.

”

2-6  Slender Columms Under Biaxially Eccentric Loads

Copsidering slendermess effects together with biaxially
eccentric loads for reinforced concrete columns include numerous varia-
bles. CEither simplifying assumptions are made which reduce the accuracy

or a laborious trial and error procedure is needed. In both cases, for

design purposes, +he first choice of section is an educated guess relying'

on experience.

&

\



Abolitz (1) presented equations for the working stress
design of symmetrically reinforced concrete short and slender colums
subjected to flexure. TForx the problem of combined biaxial bending and
axial load weighted averages of certain parameters were used. Straight
1ine interaction diagrams were used for symmetric colummns and since these
interaction curves are super ellipses in the case of rectangular columns,
a correction factor was used in the design method; All equations apply to
borh uniaxial and biaxial flecture and were divided iﬁto sets for tension
and for compression failure respectively. To account for slenderness,
reduction factors for slender colums bending about the'X and ¥ axes res-
pectively were used as per ACI 318-63. Then, an overall reduction factor
was int;oduced for biaxial Sendinglusing the uniaxial sleanderness reduction
factors and the weighted average of the eccentricities to take account;of

biaxial slendérness effects.

E
+
Ex/Ry Ey/Ry

(2-11)

where
| e, and e = eccentricities about the X and Y axes
o - respectively

. and t = colum depth and width respectively

E - e /t
X x X .



E - a [t
Yy ¥

E = E E

x Ty

Rx and Ry f//reduction factors for slender columns

bending about the X and ¥ axes respectively.

In 1968 Panmel and Robinson (30) suggested an approximate
means of calculating the final eccentricity of slender reinforced con-
crete columns under bilaxially eccentric loads. It was assumed that the
failure of a slender colum under biaxial load could be predicted in
terms of an equivalent axially loaded colummn and the moment failure sur-
face of a similar shortacolumn under biaxial bending. Linear relation-—
ships were assumed between the interaction curves in the X and ¥ planes
and the plane of bending in the failure surface. The maximum eccentri-

cities e and ey were given by the following equations

. x -
g = — .
x es

L- ef

x ——
(2-12)
el

e -
v es

1 - _F

ef



where
) el and eiy = initial eccentricities
Psx and Psy - axial failure loads of a similar slender
column constrained to fail in the X plane
and in the Y plane respectively
\ .
Msx and MSy - moments.opp051te to Psx in the X plane and
Psy in the U plane respectively in the
-~
{nteraction curves of a similar short ¢olumn
es - M /P
x sx' ~sX
es - M /P
- ¥ sy sy
Pf = failure load of the biaxially loaded slender
colummn

Mf_ and va = failure moments 6pposite to Pf in the X and
¥ planes respectively in the interaction
curves of the similar short column

ef - fo/Pf

ef = Mf /Pf
Yy

In 1969 Farah and Huggins (21) presented an intergration
method to analyse reinforced concrete colums subjected to longitudinal
load and biaxial bending. It lead to three non linear simultaneous equa- -
tions which are solved by a procedure based on the Newton Raphson method.

A lirear strain distribution was defined in terms of the values of strain



o
(%]

at the cormers €95 €9 and Eg and the corresponding values of load 5}

and moments ﬁ:, and i; calculated.

Then, having

Mx — Mx (al, 82’ 53) (2-13)
My — My (el, €ys 53)

. The expressions for P, Hx’ and Mv were expanded by

Taylor's theorem neglecting second order and highér terms to get

? =§-gils'el-gizae2_%533

15 =T—?ans-?ane_aM-‘ae (2-14)

X b4 csl 1 oEZ 2 oE3 3 =
_ 3 M M 3 M

M.y = My --EEZX 8 € - EEZE g €y~ 3221 § €4

Then if the partial derivatives in the previous equation are replaced by

the corresponding difference gradients and by incrementing each strain
-
quantityg&t a time, the rates of change could be calculated, then the

simultaneous eguations (2-14) are solved and & El’ ¢ 52 and § 63 deter-

mined. These increments if added to the initial strains would give a new



5} E;, and ﬁ;. If the wvalues of ?} ﬁ;, and ﬁ; are not equal to P, Mx,
and Hy the process should be repeated until convergence is obtained.
For slender columns, the column is divided into segements, then eccentri-
cities plus deflectioen at mid-column height are assumed, thus giving
values of M and My with thé given load P. Using eqﬁations (2-14), the
strain distribution giving P, Mx, and Mv could be determined. Having the
strain distribution, curvature at the middle segment could be calculated
and subsequently the values of eccentricities at the end of the first
segment. The procedure would continue until the eccentriq&ties at the
top of the column are obtained. If these calculated eccentricities are

>

not equal to the given ones, the procedure is repeated using readjusted

eccentricities (curvatures) at mid-column height until a correct answer

rF

is obtained.

-'in 1973 (10) and 1974‘(11) Cheng and Mirz; presented a
study of the behaviour of reinforced concrete square section columns under
biaxially eccentric loading. Their method of analysis is essentially
equivalent to that of Huggins and Farah (21), but using strain and curva-
ture instead of cormer strains as the deformation variables in the Taylors
expansion to satisfy equilibrium at a section. ‘

Lateral deflection was calculated by moment area from the.
curvatures rather than numerically as in Huggins and Farah.
4 similar method to Huggins and Farah (21) was presented

by Cranston (13) in 1967 for restrained uniaxially loaded slender columms

using a computer programme.



Drysdale 1967 (18) and Drysdale and Huggins 1971 (19)
investigated the behaviour of slender reinforced concrete columns sub-
jected to sustained biaxially eccentric loading.

Drysdale's theoretical investigation considered the strain
on a section to be composed of three components namely elastic strain,
shrinkage and creep.‘ At given time intervals the strain distribution at
any section Qas modified by the strain due to creep and shrinkage. As
element stress strain compatability and equilibrium would no longer be
satisfied, the elastic strain distribution was modified until compatability
and equilibrium were again satisfied.

Drysdale. also carried out an experimental investigation and
concluded that the load capacity of a noderately slender square section
symmetrically reinforced concrete columm can decrease by 20 to 25 percent

due to a sustained load of 25 years duratioen.

2-7 ACT Design Method for Reinforced Concrete Columns

// \_‘-x‘
The 1963 version bf ACIL 318-63 Building Code requirements
(7) recommended that 2 slender colurm upder uniaxially—eccentric load
- |
could be designed as short colums ﬁﬁt both the moment and axial load be

|
!
|

jncreased to allew for slenderness \effects. The decrease of lcad capa-

bility wirth slendernmess ratic waé linear of the form given below

\

2 = 1.07 - 0.0075 %E (2-15)



The ACI 318-63 Building Code Requirements recommended that
long columns under biaxially eccentric loads should be designed as short
columns with the axial load and both moments increased by the inverse
slenderness factor. The slenderness factor being calculated for the most

-~

severe case of the two axes.
The 1971 version pf ACI 3158-71 Building Code Requirements

(8) recommends that a slemder columm be designed taking into account the
influence of the axial loads, variable séiffness, the effect of lateral
deflection and the duration of the loads.

| Alternatively an approximate method given in the Code may
be used which states that compression members shall be designed for the
axial load obtained from frame analysis and a magnified moment.

- . :
The moment magnifier is given by:

C
- m
§ = —s 1.0 (2-16)
1 Pu/¢-c
where
Pu = axial design lcad
PC = critical load

6! = capacity reduction fraction
- +
Cm 0.6 + 0.4 MI/MZ
Ml and M2 values of smaller and larger moments respectively
on compression member calculated from conventional frame

analysis.

q

+
\

S
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The use of Cm is needed as in the derivaLion of the
moment magnifier it is assumed that the maximum moment is at or near
mid height. If the maximum moment occurs at one énd, the design must
be based on an’ equivalent uniform moment, Cm Hﬁ‘

However all the terms iIn thé moment magnifier are not wéll
defined or easily obtained. In the orig;nal derivation of the equation
the factor ¢' in the denominator was not included and sécondly the wvalues
of EI'suggested are only approximate.

The errors in the formulae for EI suggested by MacGroger,
Breen, and Pfrang (25) were a factor of between O and 150 percent for
equation (1) and up to 500 percent for equation (2). The effegt of creep
on EI values was taken into consideration by dividing values given by
equations (1) and (2) by 1+ Bd where B, is the ratio of dead load moment
to total load moment.

Drysdale, Sallam, and Tan (20) have concluded that the

moment magnifier method does mot result in comsistent safety factors.

2-8 Summary v

Interaction curves are available which give the biaxial
failure envelope for restricted reinforced concrete sections. These
interaction curves have generally been derived assuming a rectangular

stress block, and the derived interaction curves give no information




concerning the curvature or-strain necessary to develop a given point
.
on the interaction envelope.

Alternatively many complete computer programmes exist
which can analyse the behaviour of any given column under any load pattern
including the effects of E;eep and shrinkage.

Currant design methods ACL 318-71 and CSA A23.3 1974 allow
the designer to detail a long colum using short column interaction curves
by increasing the design moment'ﬁy a moment magnifier. For biaxlally
eccentrically loaded leng cclumns the design moments in each orthogonal
plane must be magnified separately and then combined - even ifrthe ma-
gnified moments do not occur at the same section. The moment maguifier
does not take into account the strain or curvature on the section.

More detrailed interaction curves Ior both uniaxially and
biaxially eccentric loading are needed which include information on the
strain and curvature.inherent in genmerating any point on the interaction

surface. By summation of the load-moment—curvature along a columm, a

better estimate of the column behaviour could be made.
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CHAPTER III

Y
SCOPE OF PRESENT INVESTIGATION

If a strain distribution 1is imposeﬁpspcn a reinforced
concrete section, stresses result in the various ﬁteé and concrete
elements of the sectiom. By algebraically summing the elemental forces
due to the stress on the various elements, the external applied force
and moment necessary for equilibrium can be determined corresponding
to the imposed strain distribution. By sucéessively imposing a number
of strain distributions onto an assumed section, the total axial load,
moment, strain distrghffion interaction of the assumed section can be
determined. ) .

In engineering design applications, the reverse situation
exists — the external force and moment are knownt and it is necessary Lo
determine the section required to sarisfactorily support the known loads.
A further complication in design examples is that the extermal moment
applied to a section is composed of the external applied moment plus a
contribution from slendermess (PL) effects.

The object of this thesis was to develop section property
charts giving the relationshipé?ﬁ§£:ii3;axial ioad, biaxial moment, cuf—

vature and maximum strain. Hence a design metheod for slender reinforced
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concrete columns under biaxially eccentric loads was devised using ﬁhe
derived charts. The P4 moment of a slender column under a given axial
load and end moments can be estimated from compatability considerations
knowing the end-curvatures and using an assumed deflected shape. The
method facilitates first choice of section aﬁd also provides a means of
control on the trial and error procedure inherent in the design. The
method satisfies compatability of strain (curvature) and lateral deforma-
tion along the height of the column. However it does mot comsider the
effect of creep and shrinkage and these must be considered in the same

manner as in current design methods.

N\
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CHAPTER IV

THEORETICAL INVESTIGATION

4-1 Introduction

A method for calculating section property charts is pre-
sented in this Chapter. These charts were produced to illustrate the
relationships between the dlfferent properties of a reinforced dggcrete
section. The study is first\limiced to sguare symmetrically re;nforcéd
concrete sections, then the ué? of the same curves for rectangular

!
sections will be studied. A strain analysis was used to produce these
v

charts which can be summ;rfééd as imposing a number of strain distribu-
p -

tions on the cross,seééion and studving the equilibrium eof intermal

stress and oxfernal forces te give the complete axial lcad, moment and

strain distribution behaviour. Before calcula?ﬁng section properties,

2 series of assumptions must be made. The assumptions listed below are

well accepted in engineé?ing practice and are not peculiar to this thesis.

§=2 Assumptions

1} A plamar strain distribution exists over the cress
section at all load levels; O
2) The stress-strain relationship for concrete in compres—

sion is assumed as Hognestad's relationship as shown in Figure (4-1);
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3) No tensile stress can be taken by the concrete;
4) Maximuem strain at the extreme compression fiber at

ulrimate strength shall not exceed 0.003;

5) Steel in both tension and compression behaves in an

elastic perfectly plastic manner (see Figure (4-2));

6) The angle of eccentricity is comnstant along the column.

4-3 Section Property Curves

Numerous strain distributions were imposed on a nominal
cross section (r.t) to giﬁe resultant forces at angles of eccentricity
0° and &50, see Figures (4-3)} and (4-4). The nominal cross settion was
divided into 144 elements each one square unit iz area. For each strain

" distribution, the straim at the center of each element was determined
and the elemental stress was obtained using the relevant (concrete or
steel) stress—strain curves. Subsequently, the external force resultant
needed to satisfy eq;ilibrium was calculated by summing up elemental
forces (product of element area with the stress of the centroid of the
area). The external moments about the X and ¥ axes respectively were
determined by summing up the moments of the externmal forces (product of
elemental forces with the distance of squares centers from the X and Y
axes respectively). To obtain the eccentricity e, the appropriate mo-=

ments were divided by the total force for each strain distribution assumed

to give e, and ey and hence e (which equals#e’c2 + eyz). The value of



Z (distance from the point of maximum strain normal to the neutral axis)
was determined from ﬁhe geometry of each assumed strain distribution.
Subsequently all values were non dimensionalized to obtain Pu /fc' bt,
e/t and Z/t, where t is the section depth and b is its width. The pre-
vious steps were executed by a computer program whose flow chart is shown'
in Figure (4-5) and listings for the different cases are included in the
Appendix. The results of the section énalyses were plotted as curves
showing the relationships between Pu'/fc' bt, e/t, and 2/t for different
concrete and steel strengths (governed by the assumed stress-strain
curves of concrete and steel), different steel ratios (governed by the
area of reinforcement of the nominal sectieon), different maxinmum strain
-
values (governed by the naximum strain value gssumed) and two angles of

. o o . ; .
eccentricity 0  and 45 and 3 iinear interpolation can be used for angles

in between.

4-4  Calculating the Values of Curvature

Q

. I1f any cross sectionm of a column 1s subjected to 2 linear
strain distribution, the value of the maximum strain € nax and the distance
from the point of maximum strain normal te the peutral axis Z are known.
Hence the curvature which eq;als emax/Z can be obtained.

However, the plane of curvature need not in general be the

plane of action of the applied mcment. If the line passing through the



Another maximum strain value

- . € 5,

Read: | .

Stress strain curve of concrete
Stress strain curve of steel
Geometrical properties of section
(divide section into small squares)

Maximum strain € = 0.003

Another strain value at corners

] .
. Read values of strains at corners

Zaro values of forces and moment
about both Y and X axes respectively

_ Another squfire

Identify whether the square is
-concrete or steel

Calculate the values of ?z and EZZ'

‘and Z' if any (see Figures (4-3) and (4=4))

then, calculate the value of
strain € at the middle of the square

Get the values of stress corresponding
to the strain values ¢ from the
stored stress straim curves according
to the nature of square
i.e. concrete or steel

-

Get the value of force by multiplying
the stress obtained by the area of square

—

/ T

(continued)

)
el
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Get the values of moments about both the
X and Y axes respectively

Add the forces and the moment about both
the % and Y axes respectively

Another square

Non-dimensionalize the value of total force
and the values of the total moment
about both the X ané Y axes

Another strain value at cornegs

Calculate the value of eccentricity e
and the distance from point of maximum
. strain to the pneutral axis 2

-
L

~

Print

Another maximum strain value

Maximum strain = ell - 0.0002

Steop

End _J ,;

-

FIGURE (4-5) FLOW‘CHART OF PROGRAM FOR DEVELOPING
INTERACTION CURVES
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point of applization of the load and the centroid of the sectioﬁ inter—
sects the neutral axisﬁat a right angle, then therplane of curvaﬁure is
parallel to the“ﬁlané.of action of the load. To determine if the line

of curvature 1s parallel to the plane oft;ction of the load two different
strain .distribution (shown in Figures (4-6) and (4-7)) were imposed on a
symmetrically reinforced concrete section. Two strain distriﬁutions

with maximum strain values of 0.002 and 0.003 were chosen to glve dif-
ferent values of load, ec;entricities and angle of eccentricity. As
shown, 2 iiné drawn from the point of application of the load sassing
through the centér of gravity of the section is normal to the neutral
axis irrespective of the wvalues sf load, eccentricity, angle of eccentri-
city and maximum stfaiu. From these dem@nstrations and others, it is
concluded that the curvature in symmetric sections is in a plane parallel
to the plaﬁe of action of the load. Pannel (29) and Ramamurthy (35)
arrived at the same conclusion by the same reasoning.

4-5 Effect of Combining Parameters

~—
u'\'

The diffieulty in analyzing the behaviour of reinforced
concrete sections under biaxizlly eccentric loadé is due to the inter-
acti%é of many parameters. Hotrever, it would be very helpful+if some of
these parametexs couldﬁbe combined together without significantly effec—
ting the results. In this work the reinforcement ratio pfy was identified
as reasonably independenF parameter and the effect of cover ratio was taken
into account ﬁy using a single factor to modify results obrained for cme

cover ratio to another cover ratio.



e
4-5-1 Effect of combining Ofy/fc' in one factor

L=

The parameters pfy/fc' where p is the-’percentage of steel,
fY is steel.yiéld strength and fc' is the concrete compressive strength,
has been used by numeroué investigators-(gé), (29), and is a reasonably
independent parameler of columm strength irrespective of eccentricity,
angle of eccentricity, maximum strain Sr magnitude of axial load. This
parémeter can be logically identified as independent for pure bending or _
pure moment where strain compatability effects are umimpaertant. In ge-
neral, however, it is only possible to demonstrate that this parameter
is independeﬁf. Figure (2-8) was obtained using two combinations of 7,
f and f " to give a value of Df /f T o= 0.6. !The two combinations were
ol 32, f = 60,000 psi and £, ' = 6,000 psi for ‘the first and P = 6%,
fy - k5;000 psi and fc' = 4,500 psi for the second. For each of the two
combinations, the inéeraction of M '/f ! bt2 with P '/f ' bt'curve was
cbtained for the extreme angles of eccentricity of 0° and 45°. Two values
of maximum strain Emax‘_ 0.0030 and 0.0020 were used, thus covefing t?e
effect of combining P, fy and fc' in one factor on eccentricity and its
angle% ldéd and maximum strain. The £igure shows less than 2.57 diffe-

rence in case of Emax = (0.0030 and less than 57 difference in case of

émax = Q. 0020 according to a Chi Square test. To investigate the effect of

-

comblning pf /f " in one facteor om curvature the relationships between

Z/t\and P '/f ' bt was plotted in Figure (4-9) for the zbove mentione‘ two

\ ,-"_‘. . "

-
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combinations of p, fy and fc' giving ofy}fc' = 0.6. Again two maximum
strain values €ax 0.0030 and 0.0020 were used and the curves wére
obtained }or the extreme angles of eccentrileity of 0° and 45°. The
figure shows less than 3% of difference for the different cases accor=
ding to the Chi Square Test. Thus the use of ofy/fé' as one factor is
justified as it does not have a significant effect on results irrespec-—
tive of the values of axial load, eccentricity and its anglé, maximum
strain and curvature.

Four sets of section property curves were produced for

corner reinforced square section colums with reinforcement ratie's
pf

E—%-- 0.2, 0.6, 1.0, and 1.4 respectively for a nominal cover rﬁtio of
c
0.75. Each set of curves consists of ten similar graphs for various

[ 5 U N R

i

maximum strain values ranging from 0.0030 down to 0.0012 at an interval

of 0.0002. The curves are presented in Figures (4-10) through (4-29).

P EAY I S

4-6 Cover Ratio Effect

h

Iq_developing section behaviour curves, the cover ratio
effect cannot be ignored. However, if the effect on section properties
is univalued, one set of seg;ion property curves can‘be developed for a
certain value of cover ratio, and used with a modifying factor for other
cover ratios. To study the effect of cover ratio, typical ﬁu'/fc' bt2

versus Pu'/fc' bt curves were plotted for two differeat cover ratios, 0.6,

and 0.75, for angles of eccentricity of 0° and 45° and for two values of



36

maximum strain € T 0.0030 and 0.0020. The results were plotted for
two different values of ny/fc', namely 0.2 and 1.0, and are givem in.
Figures (4-30) through (4-33). To investigate the effect of cover ratio
on curvature, Z/t versus Pu'/fc' bt relationship was plotted for the
same two cover ratios, 0.6 and 0.75, for the same ny/fc' = 3.2 and i.O,
two maximum strain values of € ax 0.0030 and 0.0020 and the extreme
eccentricity angles of 0° and 45° in Figures (4-34) through (4-37).

It was found from Figures (4-30) through (4-33) that
Mu'/fc' bt2 versus Pu'/fc' bt curves would coincide with each other if
one is multiplied by the ratio of the balanced moments irrespective of
the values of eccentricity, angle of gccentricity load, maximum strain
and pfy/fc' value. In these figures, the use of theusingie value factor
F which is the ratio of the two Halanced moments for the two different
cover ratios gives a difference ranging from 2.57 to 8% according to the
" Chi-Square Test.

The effect of cover ratio on values of Z/t as shown ip
Figures (4-34) through (4-37) is very small and the Chi-Square Test shows
anp .average d?fference of 37 in Z/t values obtained with cover ratios
equal 0.6 and 0.75. Thus, if the effect of cover ratio on the values of
maximum str;in ig taken care of, the error in curvature will be insigni-
ficant.

In Figure (4-38) a set of curves is presented to give the

value of F for different cover ratios and different values of ny/fc‘



37

- relative to a cover ratio-of 0.75 (the cover ratio of the rnominal cross

section used to develop the given set of property curves). These values
were produced by a computer progran whose flow chart is shown in Figure

(4-39) and listing included in the Apperndix.

\
)
4-7 Accuracy of the Numerical Caleculation ’ '\\‘A

In producing the section capacity curves, 2 12 x 12 grid
was. used. To check the accuracy of the chosen grid, a 18 x 18 grid was
tried for ofy/fc' = 0.6 and it was found that the arithmeticé mean of
error due to using a 12 x 12 grid instead of 18 x 18 grid is +0.89 percent.
Similar conclusions were also reached by Drysdale (18) and Brettle and

Warner (4).

5-8 Slenderness

In long columns, the reduction of ultimate load due to \‘

the P4 effect where P is the load and A& is the lateral deflection must

be considered. To calculate the Pa effect without affecting the accuracy,
compatability of strains and lateral deformation along the column height
should be considered. 1f the values of curvaturé are known at the ends
of the column and the deflected shape and the curvature a;sumed at the

critical section, the lateral deflection at the eritical section cam be



Another concrete strength

37a.

N

Reaé: | N
Concrete Strength
Steel vield- strength
Percentage of reinforcement
Cover ratio

Another steel yield strength

Another percentage of reinforcement

Another cover ratilo

Calculate position of the
neutral axis

Calculate the depth of
the concrete stress block

Calculate steel tensile strain
then steel tension force

Calculate steel compression
strain and steel compression force

Calculate concrete compression
force

Take moments and get the
value of the balancing moment

\

v

- ‘ Stop ‘ AAJ
End __J

FIGURE (4-39) FLOW CHART FOR CALCULATION OF BALANCED MOMENTS
FOR DIFFERENT CONCRETE AND STEEL STRENGTHS,
PERCENTAGE OF REINFORCEMENT AND COVER RATIO
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calculated. To satisfy équili

axial load and the calculated

38

brium at the critical section under the

moment a certain value of eurvature and

strain are needed. If this curvature at the critical section is appro-

ximately equal to the assumed

curvature then the calculated lateral

deflection is exact. If the assumed and calculated curvatures are not

equal, a further reiteration must be undertaken. If the strain necessary

. to satisfy curvature - lateral displacement compatability is less then

0.0030 then the section is adequate.

4-9 Rectangulaxr Sectioms
~

As it was illus

trated previously, the presented curves

were calculated for cormer reinforced squafe section concrete columns.

However, Pannel (29) suggested that the use of a single valued factor

will enable the use of the same curves for corner reinforced rectangular

section columns.

If the failure
zontally, i.e.'for ccﬁstant va
will be obtained. These conto
circles in square columms and

arcs in rectangular columms (s

surface (see Figure (4-40)) is cut hoeri-
lues of ultimate load Pu', moment contours
urs are approximately of the shape of
approﬁimately of-the shape of elliptical

ee Pannel (29)). However, when the hori-

zontal coordinates of the moment contours for the rectangular column are

multiplied by Mfy/Mfﬁ {see Figure (4-41)), the moment contours of the

analogous sguare colum will b

e obtained.

—_—
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Then, if a rectangular colum is £o be designed to carrcy
.an ultimate load Pu' with eccentricities e and e, abour the X and Y axes
respectively, the presented curves could be uéed, to design the analogous
square colum ﬁaving the same depth, if e is multipiied by the ratio of
ny/fo. Then having the appropriate square section to sustain Pu' at
o e and ey where ¢ ™ valﬁﬁx, the analogous rectangular columm will be

able to carry Pu‘ at eccentricities e .and e .

The ratios of va/fo for a rectangular column is equal to
Hbv/MbY where Mb and Mb_ are the balanced moments about the Y and X axes
respectively. To justify the ME /Mf = Mb _/Mb_, the P '/f ' bt versus
Ty Tx v u ‘e

9
Hu'/fc bt°, curves were plotted for a rectangular colum (12 x 20) about

both the X and Y axes. These curves were produced for two maximum strain

values € = (0.0030 and 0.0016. Thus, the curves of P '/f ' bt versus
max u'Te T

Mb
Mf"/fc' bt? were multiplied by ¢ I‘qgl to coincide with those of
3 o =

Pu'/fc' bt versus MfY/fC' btz. The Chi-Square Test gives less than 5%

difference (see Figure 4=-42)).

Furthermore, to check the effect of using the single
value factor to coavert the contours of a rectangular column to its ana-
logous square one with the same depth, the previously mentioned curves of
Pu'/fc' bt versus Mu/fc' bt2 were.plotted for two columns, a rectangular
colum (12 x 20) and a square oneé (20 x 20). The curves were galculated

for two values of maximum strain Emax = 0.0030 and 0.0016 and for the



extreme eccentricity angles of.Oo and 45°. Subsequently, the curves of
the rectangular column were pultiplied by ¢ to coincide with those of

the analogous square columm having the same depth. The Chi-Zquare Test

-7
shows a difference of 5% to 9% {see Figures (4-43) and (4.44)). It
should be noted however that, in case of 45° eccentricity, a modification
in the value of ¢ should be made to account for the elliptical shape con-
tours of the rectangular column, refering to the mathematical equation of
the ellipse (see Figure (4-45)) %
P A
2 2 ' )
o - a2~ + b 5 :
’ =
33 a2 0 :

where a and b are half the length of the major and minor axes of the
ellipse respresenting Mfy and fo respectively.

To investigate the effect of using ¢ in case of rectan-
gular columns on curvature, the values of Z/t were plotte& against

Pu‘/fc' bt for both a square (20 x 20) and a rectangular (12 x 20)

colum. Curves were plotted for € ax = 0.0030 and 0.0016 and two angles
. 0 = ;
of eccentricity 0 and 457 The Chi-Square Test shows fﬁaxfference ranging
from 5% to 87 (see Figures (4-46) and (4-47)).
The value of & = be/Mby in rectangular columns symmetTi-

cally reinforced concrete sections is always equal to b/t.
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It should be noted however that g for the rectangular

colum should be the same in both directions irrespective of t/b

value.

[ ¥]

™~



CHAPTER V

EXPERIMENTAL INVESTIGATION

5=1 Introduction

An e#perimental investigation was carried out on four
groups of colums to compare the values ;f ultimatecloads and.deflectiong
predictéd by the proposed method with those obtained'expérimentally.
Steel ratio, eccentricity and its Qngle to a reference axis and length
of columm were the major variables taken into-consideration in this
progfam. A total of 44 columms, divided into four groﬁbs of 11 each,
according to length and .steel ratic were inyestigated. All samples
were cast and tested horizontally in a pinned-pinned configuration wmtil
failure and deflections were measured in two orthogonal planes perpendi-
cular to the faces of the column. Table (5-1) shows the combiﬁation of
variables used in that test program. |

\“ .
\

5-2 Fabrication of Test Columms

5-2-1 Description of samples

All columms had a nominalrcross secrion of 6" x 6" and
enlafgea ends of 12" x 12" to enable loads to be applied outside the
section. The columns were 90" or 134" long to give (for a pinned-pinned
configuration) slenderness ratios of-SOJand approximately 75 respecti-

vely.
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Steel Ratio Cyvlinder Length e ' e

Strength x - ¥
~ ' -

0.00 2.50
p o= 6.67% 1.25 2.50
# 7 bars L/x = 50 2,50 2.50
£, ™ 67000 psi nominal "L -=90" 0.00 5.00
6" x 6" section. 4000 psi , 1.66 . 5.00
- e T 3.33 ‘ 5.00
p = 1,227 5.00 5.00
# 3 bars L/r = 75 0.00 7.50
fv = 65000 psi L = 134" 2.50 7.50
6" x 6" section 5.00 | ©7.50
“ 7.50 7.50

TABLE (5-1)

-

Combination of Variables Considered in the

f

*

Ia

Experimental Investigation

Accuracy of eccentricities is % 0.05 inch
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. 5=2-2 Details of reinforcing cages

’

[N

| S
\“\\ Two sizes of steel reinforcing were used, # 3 and # 7

bars givihg steel ratios of 1.22% and 6.67% respectively. All columns .

cross sections were .symmetrically reinforced with 4 bars, one at each

_cornmer giving 0.45" and 0.55" of covér for # 3 bars and # 7

e -

bars respectively. Number 3 stirrups at 4" centers were used in columms
while the spacing was reduced to 2.25" at the enlarged ends to prevent

shear failure. The details of the colummns, reinforcing bars and stirrups

-

are shown in Figﬁres (5-1) through (5-3). —

5-2—-3 Detrails of forms

@2221 forms which consist of Ne. 15 channel at the bottom

and two No. 12 chanmels, 12" apart for the sides wegé used. One side
of the form was fixed while the other side tould ée moved. A wood filling
~ was prepared to give 2 cross section of 6" x 6" changing smoothly to

12" x 12" at the ends. The form hid threaded rods with n;Jts at each end .7 ‘

. _ X

to be able to adjust the movable side Ep.the right.dimensions without ~N
developing difficulty when removinngﬁ; colums from.the forms. ‘Three

- B
screws with nuts welded to the bottom of the form were used to provide =

the movable side with horizontal supports (ome in the middle and two

pear the ends) in order to prevent it from cutside bowing under the fresh

. A

weight of concrete. The details of the forms used are shown in Figure

(5-4).
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To prepare forms for casting, they were cleaned and the
‘wood filling was placed in its position in the middle 6g/the form. The

required dimensions of the fdrq were adjusted by the two\end threaded

"rods and the three side screws. The wood filler was covered with polye-
tﬁylene_ and the whole -form oiled to prevent the c;oncrete fr;:ng sticking
to it: The steel cages were centered on sma}l precast conérete biocks_
W pEpviée the specifiéd cover.

. . .
‘ -

5-2-4 Casting and curing

_ Ready-mix concrete of the specified compressive strength, .

aggregate size and slump were used to cast the columms. Columns were

~

cast- horizontally in groups of five. To de ermine compressive strength

T four 6" diameter x 12" cylinders were ¢ with each column, making a

total of 20 for a single cast. An electrically driven vibrator was used

to vibrate the concrete and a slump test was taken for each pour to

check workability. After 24 hours, columms and cylinders were removed

from their forms and covered with wet burlap for 28 days.

T,

5-3 Test'ﬁpgaratus

§-3-1 Detalls of roller bearing and end plates

-

Since it was desired to test columms in a pinned—pinned

- A
configuration, special pin bearings were fabricated. Basically, each

-

E,

-

o

|?7
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2

bearing consisted of a 2" ball seating into two machined sockets. So-

A

ckets were cylinders 6" in diameter with a conical groove 0. 625" deep

to accommodate the 2.0" ball in between-. To minimize the effect of

‘friction during tiasting, ;he bearings were pre-loaded to EZ\?(‘JJﬁdps to

plastically deform the conical shaped groove into a spherical one. The Tt

"

end bearings were mounted to end plates 1" thick. Each.end plate had

* 11 machined hc;les at the. desired locations from the column center line T
in order:' to l.ocate the a;.\:ial load accurately Two angles wére welded
to the back of each of tl1e end plates at right angles to help mount the
end plates to the columms ends accurately. The details of end bearings
and emd plates are shown in -}E‘igures (5-5) and (5-6). -
- }/

§-3-2 Details of end brackets

- -

Since the columms were to be tested horizontally where
the load was to be applied through a jack at one end and measured by'a.' /
load cell at the osher end, TwoO end brackets were needed o which to 4

T

mount both the jack and the load cell, T&.le two end brgckets were fabri- ‘
cated with stée'l chammels and plates and fixed to the 3 feet thick strong

floor of the laboratory. Each bracket was bolted to the strong floor with

two 2.0" diameter high tensile ‘steel bolts which passed through holes in

the fleoor. To prevent twisting, each backet was "braced horizontally to

the strong floor at two points by means of two steel plates welded to

it at one end and fixed the strong floor with bolts at the other ex}_.

\



:

The details of the end brackets are shown in Figures (5—7)jyy&—63=8}=

5-4 - Test Procedure

) | o -

5-4-1 Testing of concrete cvlinders and steel reinforcing bars

. Py

To determine the column cgnerete compressive strength,
the four cylinders casted with it were test &-to failufe on the same -
da&. To prepare the cylinders for testing, they were capped with a

ndard sulfur compound. A 300,000 lbs capaci}y Forney hydraulic con-
“rete testing machine was used to test‘the cylipders until failure.
The average compressive strength of the four cylinders was taken to be

the compressive strength of concrete. These results are _shown in Iag les

r

{5-2) through (5—55. -

The steel yield strength o;_the reinforcement was deter-—

mined from samples tested in tension until failure. Stress-strain

. ~ .
diagrams were drawn for each sawple to obtain the yield stress and again
] ) _ ] d

the average value of $ield strength would give the yield'strength of the ‘
b

reinforcing bars used. The stress-strain curves for ‘both 3 and # 7
. X/}
reinforcement are shown in Flgures (5-10) te (5-11)-

5-4-2 Testing of columms

. .
R s

Columms were tested in 2 horizontal pinned-pinned confi-

guration with 1oad applied by a hydraulic jack at one end and measured
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by a load cell at the other. The desired eccentricity was obtained by
‘moving the pall bearings to fhe proper position—relative to the end
plates which were mounted on the specimen ends. The end plates, com-
plete «with the ball bearings fixed, were mounted on the specimens and
then the specimens were adjusted so thaﬁ the center line of the end
bearing facing the jack coipcidé; with its center line and also, so
that the?centér line of the other énd bearing facing the laxd cell coin-
cides with the center line of the\ oaa cell. Subsequently, a small
load was applied by the jack to keep t§% specimens in place. The
Gilmore hydraulic jack used to apply tke load had 2 6" stroke and 100
kips capacity. The Gilmore load cell at the other end was connected
to a digital millivolt indicator, Gilmore madel 471.‘ After adjusting

the specimens to the desired position, three mechanical dial gauges

were fixed in the two orthogonal planes along each face (see Figure (5-93).

One dial gauge was placed at the mid-length of the column and the two
others near the ends. The dial gauges were adjusted t§ zéro and then
the load was applied. The load was applied in small intervals and at
each interval the load was kept constant and the readings of the six
dial gauges were recorded to give the deflection of the two column faces
under that load. - Columns were tested until failure and deflections were
récorded at each load interval. The time needed for testing ranged from
20 to 30 minutes. An outlirne of test programs is s%own in Tables (5-6)

through (5-10).

ot
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5-5 Relationship Between Léad. Eccentricity, Maximum Deflection

and Curvature

. To. illustrate the effect of load ana eccentricity on LT
maximum deflection, confours were drawn to give the values of deflec-—
tions at variouS'fnferqgls of the load for each combination of eccen-
tricities. The curves also show the effect of ex/ey on AH/AV where e : -
and e, are eccentricities on the X ana Y axis respectively and 8H and
AV are deflections on the X and Y axis respectively. Those relationships
are shown for the different groups in Figures (5;i2) through (5-13).
To illuscraie tée effect of load and eccentricity on
curvature, contours were drawn to give values of curvature at various
intervals of load for each combination of eccentricities. The graphs
also illustrate the effect of ex/ey on ¢x/¢y where ¥ agd ¢Y are curva-
tures in the X and Y planes respectively. Those relationships are
shown for the different groups in Figures (5-16) through (5-19). Pictures

of samples after failure are shown in Figures (5-20) through (5-24).
s v ® l

The accuracy of the qpplied eccentricities was £0.05

5-6 Experimental Errors

i

ins. The effect of such an error in eccentricity on the fallure loads for -
the eccentricities used in this study would be insignificant as the erroT
in the eccentriecity itself would only be Z percent in the extreme case of

an end eccentricity of 2.5 inches. .

]

N

—
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The re¥nforcing steel had some strain hardening imme-
diately after yield‘ Some e;?br obviously arises in comparing the . ' 1%? l,_;;ﬁﬁ
experimental results with the theoretical results using the design = ( .
charts as the charts‘yere.derived assuming an elastic-perfectly plastic

stress-strain characteristic for the steel. The effecf would give

experimental ultimate loads greater than those predicted andlexpeii—‘

*  mental deflections smaller than predicted and would be more noticed

a .

for the columns reiﬁfo;ced with # 3 bars thqgﬁthose reinforced by the
R .

# 7 bars.
.=
No account was taken for creep and shrlnkage effect on

-

* the results. Since the time needed for the test was approximatelv 20~

\ »

to 30 minutes and shrinkage strain is very small these effects(é;e

thought to be minor. ’ ' /// . - *
- . :




COHPARISON OF PROPOSED‘METﬁOD WITH

-~

EXPERIMENTAL RESULTS
]

-
» 1

!

] . . \ ) -
6-1 Summary of Results . .

[y

The object of the_expe;iméﬁtal progrém was to provide
data to determine the validity of ghe proppsed method to predict the

f
behaviour of slender reinforced concrete columms under biaxially

eccentric loads. The eﬁpefimentarsprograﬁ covered the effect of eccen-
" tricity, angle of epcentricipy,'slenderness ratio and percent;ge of
- reinforcement o? ultimate lo;ds and deflectioms. . Values of eccentri-
city varied from e/t = 0.42 to e/t.— 1.8 at angles of eccentricity
ranging froﬁ 0° to 45°. The percentages of reinforceﬁEﬁE'ﬁéed;gere 1.27%
» and 6:7%. Two sets of columms were fabricated with siendernes%
ratios of 530 and 75'respectively. |
The ultimate loads and lateral deflections were calcu—
& Lated by the proposed method for the L4 test samples and compared with
those measuredffrom the companion experimenta{ prygram in Tables (6= 1)
through (6-4). ﬁowever as the colpmns were tested ™} rizontally, the

4

53 effect of the moment due to the columms self weight had o be included.

/
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The theoretical capacity of the colum was first determined using the
section property charts not including the self weight moment of the

colum. Hence the self weight moment was divided by the calculated

ultimate load to obtain a correction to the eccentricity. Subsequently,

the| capacity of the columm was again calculated using the corrected . \\\\\

v

eclentricity. ‘ ‘ /
further, as the ﬁroposed method of analysis gives the

strain.distribution in the celdhn at any load, the load/deflection

(curvature) behaviour of a.given column can be predicted. ﬁnfornpna— -

tely, the described method being 4 design aid rathet than a method of

znalysis, obtaining the load curvature characteristics of a given column

is rather tiresome. However, the load defl@ktion curves of eight.(S)

colums were calculated aﬁd compared with the appropriate experimental

cerves shown ia Figures (6-1) through (6-4).

S~

6-1-1 Comparison of predicted and measured load-deflection

behaviours ‘

It can be observed from Figures (6-1) through (6-4) that

v : . \
the predicted load deflection curves are similar in form to those mea- \\\M -
sured. However, the theoretical curves have higher values of

deélectlons and the difference between the theoretical and experimental
results is greater for rhe columns reinforced with # 3 bars than those

reinforced with/fj% bars. This is due to the assumptions inherent in
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N
4

caleculating the deflections of reinforced concrete members even with
access to moment curvature relationships and partly due to ignoring

strain hardening in the deviation of the theoretical section property

curves.
. -
L ) —\ .
6-1-2 Comparison pf\Bredicced ultimate 'loads with measured
. ' : 1 .
ultimate loads //r\\ ' - / .
* - - -~
s . ,
- From Tablet (6-1) Through (6-4), it can be seen that thé——

proposed method closely predicts ﬂhe experimental ultimate loads with

"mean values of P experimental/? caleulated of 1.01, 1.13, 0.95, and

-

1:02 for the four groups of experiments respectively. The overall

— ’

average for the four groups was 1.03 with a coeffxcxent of variatién

of 0.072. It can be noted that the dlfference betwqfn the experimental .
and predicted results is greater !\‘Eables (6—2) and }ﬁ—ﬁ? (# 3 bars)
than rhat from Tables (6-1) and (6-3) (# 7 bars). This is attributed

to the theoretical method 1gnor1ng strain hardenlng ané as the # 3 bars
exhibited morg/strain hardgping than the # 7 bars, the discrepancy is ~

'

greater. - W N .

6-1-3 Comparison of predicted ultimate deflections with measured

ultimate deflections

Comparison between the predicied and experiﬁental ultimate

Y

~



deflections in Tables (6-1) through (6-4) shows that the proposed method
predicts the experimental ultimate deflections with average values of

A experimental/t calculated of 1.Q3, 0.83, 0.98, and 0.88 for the four

»

groups of test program respectively. The overall average was 0.93 with
[}

a coefficient of variation of 0.091. .

It*must be noted.fhat it was difficult to measure exp@{i—
mentally the ultimate deflections of the édlumns at lsads near ch;\3r€£-
mate load with‘the-preseng'te§t arrangement as the load deflecﬁion

curves wgré relatively flat topped. Secondly, the theoretfcal deflec-
: N

, . ‘ N '
tions were calculated-assuming no strain hardening in the stael and that
A : T

the deflected shape of the column was parabolic.

/
)

. ] .
-+  6-1<4 Comparison of the proposed method with available test data
. {f

P

A comparison of the results obtained by the pgoposed design
method for gquare and rectangular columns with corner rginforcement with
experimental ‘data obtained from Drysdale (18) for square columns and
Bresler (3) for réﬁtangular éalumns is shown in Tables (6~5)} and (6—6)
for shert term leading.

o
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; e
Column - Length pf /£ g e g P test/P cal
Size yo¢ '
0.42 1.0" 0.0° 0.92
_ ' 0.46 _ 1.0" 22.5° 1.03
X3 13 0.46 0.7 1.0m | 4s° .02
0.41 - 1.5 | 22.5° 1.06
TABLE (6-5) Comparison of Calculated Resudts
hY
with Drvsdale's TesE’Bhta -EVQ
i
Co%umn Length pf}_/fc g e e, P test/P cal
Size :
i;:ﬂ%B? 6 - 0.96
d. 39 g, ~ 0.42 3 - 0.95
0.37 gy = (.56 - 4 1.0
0.30 an average - 8 1.01
1 1 1] - )
6"x8 4 0.43 value of 3 | 4 0.94
0.37° 0.49 was 6 | 8 1.01
—
0.39 used 6 1V 0.98
0.38 3 8 1.06
TABLE (6-6) Comparison of talculated Results

— with Bresler's Test Data




53

6-2 Conclusions

From the comparisons between the predicted-and experi-
mental results given in sections 6-1-1, 6-1-2, 6-1-3, and 6-17& it can
be concluded that the given sectioﬂiproperty charts adequately describe
the behaviour-df slender cormer reinforced square section columns uader

biaxizlly eccentric loads. Hence a design method based upon these

section property charts could reliably be used to design such polumns.

\0



]

€

CHAPTER VII

DESIGN METHOD -

H -,

7-1  Introduction r Y

. -
To completely describe the behaviour of a reinforced

doncrete columm, the load, eccentricity, angle of eccentricity, maximum

straj®l and the position of the neutral axis (to determine curvature) %

i 4
need to be known. In additiom, to describe the behaviour of a slender

reinforeed concrete column, the lengthwise lateral deflection compaga-
bilitﬁgwith curvature and leoad at any section are needed.

-

Section beﬁaviour charts were preparéd for square columns
with .cover ratio g = 0.75 giving the relationship between non-dimensional
load Pu'/fc bt, eccentricity e/t, location of the neutréi éxis Z/t and
maximum strain for angles of eccentricity 0° and 450. A calibration

. T
curve was derived to use the same curves for cover ratios other than 0.75
and a method to design rectang&lé; columﬁs using the same curves wag also
illustrated. By using these sectgon behaviour curves, it 15 p0551b1e to

determine the complete load deflection behaviour of a slender reinforced

concrete columm.

L
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~7

. 7-2 Calculating LatLral Deflection - Curvature Compatabilitv

h ~
..

When 2 reinforced concrete celum is desigﬁed'to carry a -
biaxially eccentric load, a cross sectiom with steel arrangement is *

assumed. Then, at the top_of columm, knowing the magnitude of the 1bad
. r

and the eccentricities, there is only one linear strain distribution
which would satlsfv these fﬁndltzons. If -that ;traln dlstrlbutlon is
found, the value.of maxlmum strain €oa J‘hd the normal distance from
the poznt of maximum strain to the neutral axis Z at the column top are

known and the curvature at the top (E aY/Z)t can be calculated. At mld—

colum height; the value of load is still the same, then assuming 2

value for maximum strain and assuming tha;/the angle of eccentricity ise
. - .7

still the same, there is only one linear strain distribution which would
PR . -~ .

. " .

sﬁtisfy both load and strain constraiiﬁp-from the linear strain distri-

bution. The value of curvature at the middle section (Ewax/Z)M and
LY »

-

eccentricity of load e Jadld] 3" be calculated. Since the curvature at

top and middle of column are known and assuming a deflected shape for
- ~

the columm, the value of maximum deflection .3t mid-column height & can be

calculated using the moment area pethod or any elementary method for cal-

. <

culating deflection since the curvature diagram (Emax/z)diagrf\‘ls equi-

valent to the elastic weight dlagram (M/El)diagram' To satisfy compata-

bility of strains and lateral deformation etop + & should equal e iddle’

- e
otherwise another value of maximum strain "at the middle should be assumed

. LI
until convergence takes place. The rrial Qsd error involved in finding

\



—

- the value of maximum strain at the middle is controlled since it is

logical to assume larger value of ¢ at the middle if e *A>
max top

. -
emlddle and a smaller value if etop A < emiddle'

7-3 Design Method by the Use of Curves

First a concrete strength fc' steel vield strength f

and 2 percentage of reinforcement o $rc assumed and using the value of

_ cféigcf, the proper set of curves can be selected. Then a cross section

is assumed for the columm which is thought to be suitable.Having

- values of ultimate load Pu' and eccentricity e, Pu'/fc' bt and e/t at

Eal

thé top of columm are defined, then by the use of curves, the value of

. e
maximum strain'emax and also Z/t at the top_can be found. From the value

of ¢ and 2 at, the toﬁj the curvature (¢ __/X)_ at the top can be cal-
max : max t .

culated. Since P '/f ' bt is constant along the colum, and assuming no
change in the angle of‘th\\?ccentrlcity, 2 maximum strain at the ‘middlg, °
can be assumed and again, by"the use of curves, the value of e/t and Z/t

1
at the middle can be obtained and the curvature (E ®x /Z) at che-middle~
\.
can be calculated. Then, as eiplalred previously, having.the cupvature

’

diagram and assuming 2 deflected shape, the value of maximum deflection
. N : ‘

4 can be calculated. $he assumed € . at mid-column helght wbdldmﬁélboq-

N .
trolled by equatins Crop | & FO emiddle .

, :
I1f the maximum strain &t the mli of the colum ‘neeled

to satisfy compatability (etop +)§'_‘¢middle) is ;érger than 0.0039?:the1

~ ~ . D, b . .
. - . 5
/ L e N . _ .
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.chosen section is too small and a bigger one needs to be assumed.
However, if that strain is too much less than 0.0030, a smaller section
may be tried because if it is found to be adequate, it would be a more
economical solution.

7-4  Solved Examples

Example 1:

Determine the éection-and reinforcement required for a
relnforced concrete column 14' long monolithically cast with slabs at
both ends to carxry a design cltimate load of 150 kips and de51gn ulti-
mate moments of 665 kip.ins. and 1000 kip.ins. respectively about the
two axes. The column is assumed to Qe bent in single curvature about

both the axis and a design under strength factor of 0.7 is to be used.

Assume 2 concrete strength of &000 psi, 2 steel yield

stress of 60000 psi, 4% reinforcement and a cover ratio of g = 0.7

’ of /£ ' = 0.6
y, e

-

e =/ (.62 + (6.67)% = 8 1ins

.. -1 665

§ = fan = —pxm ©
(S22 1000

= 33.6



g

From Figure (4-38) with g™~ 0.7 and ofy/fc' - 0.6

i

F= 1.08

e odified ~ T°¢ 1.08 x 8 = 8.64 ins

L 1
LA Pu/¢‘ = 214 kips

\

" Assume column size to be 1l ins X 11 ins, .

P 214000
P T T -~ -
v p,'/f." Pt = 7500 x 11 x 11 0.442

. 8.64 -
eft = 1 - 0.786

At the ends of the colum, using Figures (4-15) thro’ugh -

(4-19) and estimating 6 between g = 0 and © -‘45, no point for e/t = 0.786

and Pu'-/fc‘ bt = 0.442 exists — hence, section is too smal_lf

Assume columm size %O be 13 ins ¥ 13 ins,
et v e 214000 - -
B /£ PE T 500 x 13 x 13 0.317

) 8.64
eft 300 0.665
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At the ends of the column, using Figure (4-18) and esti-

mating © between 8 = 0 and g = 45° *

Maximum strain ¢ = 0.0018

z/t ™= 0.72 . weT. 2= 9.36 in2
(Z is the perpendicular distance
between the point of maximum

strain and the neutral axis)

.. 0.0018 ., =1
Curvature —-—-—-9.36 0.000193 ins

At mid column height, the load is the same but the eccen-
tricity and its .angle are unknown.

Assume maximum strain = 0.0030. Again from Figure (4-15)
e/t = 0.765 e = 9,95 ins

z/t = 0.710 Z = 9.22 ins

carvature = 222032 = 0.000326 ins T
9.22
Assuming the deflected shape, 2 second degree parabola

and using moment area method .
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R= 0.000193 x 7 x 12 + 0.000133 x 7 x 12 x 2/3

= 0.0162 + 0.0075 = 0.0237

’

A =0.0237 x 7 x 12 =, 0.0162 x 7 x 12/2 -..0075 x 7°x 12 x 3/8

~-1.95 - 0.68 — 0.23 = 1.08 irks .

-

Hence,’g.actual = €rop + A e §.64 + 1.08 = 9.72 ins J

N

epossible = 9.95 ins

’

e . > e .7, section is O.K.
possible actuzal s

\ -

- . - .
1f we change the design pltimate load and moments in the

. 'J . -
previous example to 200 kips, 1000 kip.ins. ané 2000 kip.ihs. respecti~
i

‘vely for a 207 céluﬁn with g = 0.80, the solution would be: —~

Assume a concrete strength of 3000 psi, a steel yield

stress of GQOOO psi, 5% reinforcement and a2 cover ratio of g — 0.80

K}

T o=
pfy/fc 1.0

-

Assume column size 15 4ins x 15 ins

]

7
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i'_ i LI L "
— ~ 2 P /¢ 286 kips ~

"_‘\.-_--.:,‘,

-

286000

a1 r - -—
Pa/E Bt = 3550 x 15 X 15 00

-

e =/ 25+ 100 = llJZiné
From Figure (4-38)with g = 0.8 and ny/fc‘ —-1.0
2 ) F=0.92
€ odified = F.e = 0.92 x' 11.2 = 10.3

-1 _ 1000

. e . e
8 tan 5000 26.5 ‘

10.3

eft "-—15—"’ 0.687

At the ends of columm using Figure (4-22) and estimating

§ between 9 = 0 and & = 45°
Maximum strain € & .0020

] z/t = 0.69 . ... 2 =10.35



" 0.0020 . 1
Curvat -t E .
urvature 10.35 0.000193 in

At mid column height the load is the same but the eccen-

tricity and its angle are unknowt.

Assume maximum strain = 0.0030. Again from Figure (4-20)

e/t ="0.89 e =~ 13.35
Z/t = 0.68 Z =10.2
Curvature = 949929--

55 = 0.000294

R = 0.000193. x 120 * 0.0010 x 120 x 2/3

= 0.0232 + 0.0081 = .0313

g 0.0313 x 120 - 0.0232 x 120/2 - 0.008% x 120 x 3/8
= 3.75 - 1.39 - 0.36

- 3.75 - 1.75 = 2.00"

= = +
Hence, €,.pual etop + A 10.3 + 2.0

- 12.3"

section is 0.K.
epossible > €actual

o
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Try Maximum strain = 0.0024 :
e/t = 0.815 e = 12.2
N
z/t = 0.67 z = 10.0 ¢
© 0.0024
Curvature 0.0 -0 002?_
-\ -
= 0.000193 x 120 + 0-.000047 x 120 x 2/3
0.0232 + 0.0038 = .0270 «\\\~
A == 0.0270 x 120 - 0.0232 x 120/2 - 0.0054 x 120 x 3/8
-3.24 = 1.39 - 0.17 = 3.24 - 1.56 = 1.68 °
- i - - 1"
Hence, €_ . .7 etop 4 A= 10.3 - 1.68 = 11.98
epossible > €. .rual section is 0.K.
Since epossible (12.3) is fairly close to e .. .1 {11.98).
.".  Maximum strain = 0.0024

It is noticed whea assuming Maximum strairc = 0.0030, that

epossible
assuming Maximum strain = 0.0024, e
poss

v
ible

(13.35 ins) is much bigger than e_ .1 (12.3 ins) while, when

(12.2 ins) is close enough

to e ) (11.98 ins) which means that in the above mentioned example,
actual

the maxi%um strain is =~ 0.0024.
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1f more economy is required a column size 14" % 14" may

be assumed and used if ¢ does not exceed 0.0030 i.e.
max e. if epossible 1s

stilil bigger than e when maximum strain is equal or less than

actual
" 0.0030.

Try ¢clumm size 14" x 14"
, P '/f ' bt = 0.486
u’' ¢
10.3

e/t = —l_&_-, 0.735

At column ends using Figure (4-21) and estimating 8 between

g = 0° amd € = 45°
Maxdimum strain = 0.0026
z/e = 0.7 zZ=9.8
Curvature ='94%%%§-f 0.000265
At mid column height, agsume maximum strain = 0.0030

eft = 0.77 e = 10.78

zZ/t = 0.69 Z=9.65
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- 0.0030 _ .
Curvature ————9'. 55 0:00031

- .o

R = .000265 x 120 + 0.00045 x 120 x 2/3

= 0.0318 + 0.0036 = .0354 l\

st

A = 0.0354.x 120 - 0.0318 x 60 - 0.0036 x 45

- 4,25 = 1.91 - 0.16 = 4.25 - 2.07

.= 2,18

€ crual - 10.3 + 2.07 = 12.37

epossible - 10.78

© > e ossi . ion X.
actual possible section is not O and N

15" x 15" columm should

be used
Example 3:
Determine the section and the reinforcement required for
a reinforced comcrete colurm 24' long monolithically cast with slabs at

both ends to carry & design ultimate load of 200 kips and design ulti-

mate moments of 2000 kip.ins. and 1000 kip.ins. respectively about the
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two axes. The/golumn is assumed to be bent in single curvature about

both the axes and a deéign under gtrength factor of 0.70 is to be used.

Assume

A

-

fc' = 4000 psi £, = 60000 psi 47 reinforcement

-

' pf JE T = 0.6,
y <

-~
ction of aspect ratio t/b = 2.0 is

* If a rectangular se
needed, then “ .
&= t/b=2.0
. . 1000 _ 1qv
- . @ e, 2.0 x 200 10
- 2000 _- " - 2 + 2
ey = 00 ~ ¢TIV % Ty
- la.ll'
g = 45° A
W% - p 1 ep o =20 =286 kips
u u 0.7

»

! at de_ and e
%

quare column to carxy Pu .

Now design the. analogous S

Assume 17" x 17" analogous column

286000
- 1 ] - - 0. 47
- P /E P T 000 x 17 x 17 2
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I

e/t = 0.830
At the ends of column, using Figure (4-17)
€ ax = 0.0020

z/e=0.73 z = 12.4"

0.0020

- -1
15.4 0.000161 ins ~

Curvature =

At mid column height assume € = 0.0030
max

eft = 0.96 e = 16.35
z/t = 0.7 Z =~ 11.9
N L3
0.0030
Curvature =

11.9. - 0.0002‘52

-

R = 0.000161 x 12 x 12 - 0.000091 x 12 x 12 x 2/3

- 0.023 - 0.0087 = .0317

A =0.0317 x 12 x 12 - 0.0230 x 6 x 12 — 0.0087 x 12 x 12 x 2/3
- 4.60 - 1.65 - 0.94 = 4.60 — 2.48

- 2.11" -




—

e & =141% 2.11- 16.22

X emiddlel— 16.35 0.K.
Then the rectangular celurm can carTy Pu' at e and e.-
Use a 17" x 8.5".with As = 17 x 17 x'i%a = 11.56 in2

i.e. szu

7-5 Comparison with ACIL 318-71

The design of slender columns in accordance with the
approximate proc;dure of _.ACTI 318-71 involves two stages -— determining the
moment magnifier and then using an appropriate short column biaxially
eccentric load interaction curvés. Tﬁe comparison between t?e proposed
method and ACI 318-71 is on the basis of moment magnifier and section
required to support 2 stated load at defined eccentficities.

The moment magnifier term itself ca;'Ee used in two ver-
sions (1) as presented in ACI 318-71 yith the simple EI and ¢' in the
dgpominatpr and (2) a; presented without, 4'in the denominator as origi-
nally proposed by MacGregor, Breen, Pfrang (25).

The comparison is shown in detail for the previously solved
examplés 51 ané # 2 pages 57 and 60 respectively.

A more exfensive comparison is summarised in Table (7-1).



For Example 1:
Exact analysis moment magnifier 8
exact

(1) Calculation as per ACI 318-71 - ¢' included

Sd = 0.0 to correspond with previous

(all 1live load)

¥

3
213 x 137 . . &
g = 2380 in

E = 57000 v £ '
c c .

- 3.6 x 10°
E. T 3.6 < 10° x 2380

_ T35 - 2.5
EI 1+ 6 T+ 0.0

= 3420 x 106 l'ns.ins2

69

®

9.72

8.64

= 1.125
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P = n? EI _ 22 x 3420 x 10°
S L« x 14 % 12)°

= 1190000 lbs- °

: ;

- 5 - m — .
P , . _ 150 x 1000
l--= 0.7 x 1190000
¢' P
c
"8 '=__.l__-— - _1__ =m
s=T-o1s o | P
: LT
Colum is bent in single curvature 61{ = GV - § = 1,22
. . 2 Y
. & = +
. “acT /Zc ex) (8 ey)

L/r = 43

Bence the section needed to sustain Pu

eccentricity of 10.54 ins (1.22 x 1.08 x &)

o

= 150 kips at an



3

.71

K

Try 13" x 13"

s 150,000
o - 0.317
SE,' bt - 0.7 x 4000 x 13 x 13

-

10.54
e/t = 13 - .81

With reference to Fié;ure (4-15) it can be shown that

this section is adequate.

(2) Calculation as per ACI-318-71 - of not included ir denominator

&
= = (0.0 I = 2380 1in -
o 1 Sd g n

E = 3.6 x 106
c
EI = 3420 x 106 lbs.in52

Pc = 1190000 lbs

. Cm 1
§ = 5 =
Lo lu , _ 150 x 1000
B, 1150000
1 1L o 1.14

1 - 0.126  0.874
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.

Column is bent in single curvature 5wl_ Gy =& = 1.14

Y 2. 2 - =
. 01 (8 ex) (8 ey) S e

OACI/Gexact - 1475
\ ~

Hence determine section required.

Try section 13" x 13"

P
u 150,000 - 0.317

~  FE ot = 077 % 4000 x 13 x 13

_ 8.66 x 1.14 _
elt e 0.76

With referen

. 4
ce to Figure (4-15) this section can be seen

to be adequate.

For Example 2:

e — —

. ‘s . _11.98 _
Exact analysis moment magnifier ¢ .. .¢ 10.3 1.165
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Calculation as per ACI 318-71 - ¢' included in denominator

¢ =1
S m
N

8, =0.0 to correspond with previous

I = 5.625x 2% 6% = 405

6 .
3.12 x 10°% x 4210 . ,oc o 99 x 10°

5

1+ 0.0
6 6
= 2625 x 10° + 11745 x 10" -
: 6
= 14390 x 10

21 _ o2 x 14370 x 10°

P f=—3
2
¢ (K 1u)2 (1 x 20 x 12)
= FR455217
J
2o Cm - N
° P | =200 x 1000
1 - 0.7 x 2455217
o' P
[o)
1 L =113

T - 0.116  0.884
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~

Column is bent in single’ curvature 5x -y w o =1.13
. < y )

Jse)? v (ep’ =5 e

o e
ACT \L

’

SacT
T 1.03
exact
L/z = 53

. Hence determine section to sustain Pu = 200 kips at

15.09 ins=t¥9.30 x 1.465) at 26.5°.

Try 15" x 15"

. E
u 200,000

b T 07 %3000 % 1513 = 0.42

15.09
eft = 3 = 1.0

With reference to Figure (4-20) it can be seen that the

section is adequate.

¢' not inmcluded in denominator

(2) Calculated as pexr ACI 318-71

&
c =1 Bq= 0.0 1g-=4210 in

E_ = 3.12 x 10°
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EI = 14370 x 106

Pc = 2455217 1bs

/) . - Gm - 1

O

P | 200000
P 1-5 2455217
[
1
-~ 7-o0s ~ 9

ST 2L s aen 82 .
I e\t -§ (3 ex) + {3 ey) = e

Spcr = 107

/s = 0.94

SacI’ Pexact

Hence the section to sustain a load of 200 kips at 13.25" and 26_.5o needs
to be determired.
Assume a 15" x 15" section

¢

o L 200,000
SE bt T 0.7 x 3000 x 15 % 13

= 0.42

13.25
15

e/t = ~ .88

Again, with reference Lo Tigure (4-20) it can be shown

chat this section is adequate.
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7-6 Discﬁssion of tomparisons
/ -

. Comparing the magnification factor obtained bf'the pro-—

\ posed design method with that obtained by the ACI 318-71 .design method
(see Table (7-1)), shows that the ACI is always on the conservative
side except for va/fc' - 0.2, H;wever, there are two versioms for cal-
culating the ACI magnificatibn factor; the first including.the ¢' which
is very conservative and the second excluding the ¢' ylelding reasonably
close values to the proposed design method. However it should be noted
that crude values for EI were used to obtain the ACI magnifier; had a

. more accurate values been available, it would yieid less conservative
magnification factoxs. °

Comparing the sections obtained by the proposed design

method to those needed to sustain the load with the magnified moment
(moments multiplied by the ACI 318-71 magnification factor) shows a small
or no change except for high values of K i/r (seé Tabke (7-1)).

" Tt must be concluded than in spite of the errors inherent

in calculating EI for the moment magnifier method, the sections obtained

are remarkably close to those given by the more exact method.
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CHAPTER VIII

CONCLUSIONS

§-1 Conclusions

Section capacity curves which give the relationships
‘between load, eccentricity, angle of eccentricity and position of the
neutral axis are produced for different comncrete and steel strengths,
percentage of reinforcement and maximum strain values. These section
1
capacity curves are produced for square section columms with cormer
reinforcement and a cover ratio of 0.75. However they can be used for
the design of columns with other cover ratios and also recténgular
columns.

By thé use of these section capacity curves, reinforced
concrete columm subjected to biaxial bending can be designed considering
the compatability and equilibrium across the cross-section and aleng the ‘
columns without that need of using sophisticated computer pPrograms.

This makeé the method available for use in ordinary design offices.

From the comparisons between the p{edicted and experi-
mental results described in this thesis and the comparisons between the
predicted results and the test data provided by Drysdale (18) and

Bresler (3), it can be concluded that the proposed method reasonably

N\
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deseribes the behaviour of slender square section corner reinforced
concrete columns under biaxially eccentric loads. Hence, a design
method based upon the above method of énalysis can be used to reliably -
design such columns. A possible criticism would be that the range of
eccentricities in the companicn test program was for e/t values between
0.42 and 1.8 and thus not covering the low range of e/t values. However
ﬁhe comparison with Drysdale's test date for e/t = 0.2 and 0.3 gave
reasonable agreement.

'The accuracy of the chosen grid 12 x 12 to produce the
section capacity curves was proved to be adequate by comparing the results
with those ob;ained using an 18 x 18 grid, the arithmetic mean of error
being *+0.89 percent. . \

Some of the discrepancy between the experimental and the
. gaa ' i
caleulated results would be due to an imaccuracy in the eccentricity
applied and the strainm hardening of the steel reinforcing bars immedia-
tely after yield (see Figure (5-11)).

Lateral buckling is not generally considered critical for

reinforced concrete columms but circumstances caz be envisaged where the

lateral stiffrmess of the partiaiiy "plastic’ section 1s not adequate to
prevent buckling lateral to the line of action of the ioad. Hence, the
lateral fle#ural stiffness of the plastic section is required. EHowever,
as reinforced concrete colums fail by material £ailure, the problem of

determining the lateral stiffness can be avoided by resolving the curvature
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onto the symmetric axes and calculating the lateral deflections about

each axis separately.
The provided section capacity curves are for columns

with cormer reinforcement: other arrangements of reinforcement would

need additional sets of section property curves. The same method used

in the development of the present curves may be used .to develop the

new ones.

VComparison of the magnification factor obtaingd by the
proposed desiga method with that of ACI 318-71 shows that tﬁe ACI magni-
£ication factor is always comservative except for pfy/fc' = 0.2, The
comparison of the sections obtained by the proposed method with those
needed to sustain the load with the magnified moment according to the

ACI 318-71 shows small or no change except for high ¥ 1/r values.

o
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AN IV G LEVEL 2L WATH DATE .= Ta05B 23732/7¢C
C .
c . . .
% CALCULATING Tro RELATIONS BETWEEN FORCZS  MOMENT S« ST AINS,
E ECCENTRICITIES AND THE LOCATION OFf THE NEUTR&_. AXIS
<
C
C S1DE UP
c .
<
E FC=3C20 PS1.F5=060000 PSIWP=3X
C ——
C E51 WIMAM STRAIN VALUS
C £52 20,5 S12=8RAIN VALUES AT CORNERS
C £Cs RAIN VALUZS AT ThI CoNTHER J° A CONTZRETT SOJARE
_ C 55 ) }..15x.‘_y:.L,;E_A‘I'__THE_CE_\'_T_EQ_J F_a_STLEL Swvr2z et
C SN ESTEL B 5 VALLE AT T CNT1Es Cf A CONCRLIL SwJsArD
C PPLE=STRLSS VALLSE A TaZ CENIER n: A STEZL S2WARZ
C RMXT=TCTAL MUMeNT ASDIUT THE X AXI1S
C RMYT=TTTS MOMUNY_ASTUT THZ Y AXIS ———
C FT=TCTAL FORCE
< E-ECCENTRICITY
C Z=LJCATION OF TrE NEUTRAL AXLS
: - -
DIMINSTON Escc150).ESS(IbOJ.PSC(tbo:.pSS(150}.E5?1(1531.n522(:50>.
.AC(ls.‘ﬁz.Asc.:.:J:.rczas.:::.rs::s.:::.nmx::::.:s:.tnv: Laei%l.
29H¥5tlbuHUJ54LZUtu}§z-FT:1u.15:.wartzs.xb:.Ru¥1<1b.xb:.xz:ath
3¥ (190
C
C .
C JQJH_:L;_gggﬁ_glaﬁlg_gggéjtONSHIP FOR CONCRITE R
C - .
C
180 READ (1.138]) KLESTIRY » PSCIK) « NOXT
18 FORVMAT (_1%.2F1C+5 160
TF it et el G0 TO iRm0 - —
NESCEX
C
C B ot __ﬂ__,_______________,_;___,___
o REAUING STRESS STRALIN RLLA TORNSHIP FOR STEEL
C
.c
__..___,____1,9_0_READA, {133 ) _KLESS{K] PSS(K LI NEXT
3 e 0avAT  (I3.2F12.us10]
I+ L XT-EC.C) GU TO 190
. NESS=K
C
< A\
c GEOMETERICAL AROPERJ4HES OF SECTION
¢ -
< —_
AEEL (T 15X [1. 1=1+12){Y () J=1.12) -
15 FORMAT (8F32) :
C
o

N\

N\
|
)

/
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Bl

Afd LV G LEVEL

21 MALIN o . DATE =
MAX[MAM STRAIN

74058

23702 -

ES1150.0030 N

e Yalal Ala AT AN

REAC VALUES UF STRAINS AT THE CORNERS

(L)-L=1'6)|(5522(N)'N=‘901op*l‘
L=tv6)-(ESZZ(H)- M=1+06)
]

ZERD VALUES CF FORCES AND MOMENTS

nnann

po 1000 L=1+
oo 1000 M=
SuUM1=C.0

sUM220.0
SUM2=0.0
SUMA=0.0
QUMH-D c

——

S—
DO 2000

SUMH-Q Q
HUMT= Vel
SUMEB=0.0
QUMQ C.0

1=t .12
Do 2000 J=1.12

anann

{OENTLFY THZ LUCAY JON OF REINFORCEMENT

1.7

- eS e AND. YtJ)oEO-‘“.b)bU g 17

27

[ X A

47

S7

™
[a]
L
(N
i
h
r
me 0 m

'+ 0,
o

s

O'-

4.5 ANDSY{J)<EQ. 4.5) GO TO 37

1w~

8.5eAND Y {J) +EQ 4.5)6G0 YO ST

o7

77 ACLLL)=0-0

ASLiedl= 1a
IF[X(I]-EU- QaS-AND-Y[J)-EOo—“-SJ GO TO 77
Go To 87

87

218

AS{ T 0= 1+0
CONTINUE
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P
AN TV o CrveL 2t WA IN DATE = 74058 R VTEVE
% A CLCULATION CF STRAINS .
C
ES!Z—ES:l-ESEl(L)otbzth)
1F (ES12.6T.C0030 G0 T3 81
GC__ T 3l
B1 £S51220.923
g1 It (ES11l-uT=E512) [e3a] TS 13
GO JO- 18
12 ESL sz 1 +{ESLI-ESI2Y+ (b, LR AW P RYA TR
ES.—:::&;.&.?(HH(CS.?&l\.)—Eszztv-J)-to.on'(.n) 12. 0
IF {EST.GTLESZI) G2 TC 10
o T3 21 -
10 EESConesiIelES rorszim(a+ex(L)l/i2.0
LESS:&S.’Z*(ESJ-LS:Z)*tth(1)1/1'2-0
GO TYO S
21 EESC=ESL 4(ESZZ-ESZ)‘(6-X{Il)/‘lz.o
—_— £eS-fcr +(ES2I=BLI2R o=xll1)/10.0
GU TO b
14 ESZ=ESI‘.+(ESIB—ESH 1% (60=-Y(JII/12. .
ES?A‘—"—&S?HL.I*(.‘:522[*4)-'.:'521(L))‘{b-O—YtJH/IE-O .
_IF__(ES? .-QI_-_;ZS.&,’.J_.'&J_J.'-:_.LO 1 e
G0 10 29! .
101 E.F.SC—'-‘.:'.SZ.Z*(ESZ—[SZZ}-{G.O*x(I)1/12.0
EESS'-'ESZZ+(ESZ-1:SZZ)‘(0.04-:({.1H/I.?.-o
GO _TT_5 —_—
201 ESC=LS2 4~(L:‘.:’.::-Eszw(b.0-xt1)}/12.0
C5S=ESL +(E52£-ESZ)‘K6.0-X( 1117120 N .
5 CONTINUE
< —_—
C
S CALCULATION OF STRESSES
< .
C P —
1F TACIL=J}l «5Q.1.0) co TO 6
GO TO 25
& 5 =ABS{EESC A
=1 _ _ __ . —
1 IF(ESCIRI=5)1.2+2
1 K=K+
GO TO 11
?_PRSLERSCY K=l )+ {S-ESCIR. V) x(2SCLK )=2sck K- 1)) (50K T G S I b S
133 PPS5=0.0 -
co 1Cc 169 -
25 Gz ABRS (EESS }
e _( S5 wGE0-C 02co _!_G_O__T_ 99 -
K= 7
110 IF (E5SiK)=55)19.20,20
16 K=K+l .
[ . . TO 116 .- e e L i
26 P:—Jbb:pssm-1Jf{Sb-ESb(K-l))HPSS(KJ-P Sie=-1) ) FikSpl mLssiv-101
cCc 10 134
99 PPR5S=65C00.0
— 124_PPESC=0- [}
106G FCLled)=PP3L *ACLL «J)
C
C
C MMl NG P FRRCES _AND OAMENTS

~

-
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AN LIV w LEVEL 21 MAIN DAalz
- C
<

= Ta0>»Y8 23/ v’ 2

SUMI-SUﬂIOPCll-J)
ES{LJ1=PPSS  #AS(l+d)

SUMc=,b““*F5(I.J)
RURCilad)obClia ey s
5uﬂ\-xuh3bﬂﬂ\C(l.J)
- RHYL(X.J)'!:&!.JJ-X(I)
SuMATSUMA+HMYC
GRS EA R
HM X

TT{ 1 '. ol FL L Y
suM = bu?orr‘
RMXT(] ed)=rmal
. SUMB =S UMY IMXT
—_— ________f"‘\T".x adlzhey gl
SUM U SUMIERMYT(
2000 CCONT INUE

i

: (1
BUMLTSLHANEIMYS
Al

[

J
t
&
J
1
1
1.
i

C
< - -
C NC#-’DU-'.ENTiONING
C
' ~
SUM Iz SUMT/6 2030 o — —— —
SJV‘lfHUHv/bldD -0
N V3 “Jl(:.\.‘--.— .
bU'-‘\l KER UL WA-TEi0 1 R .
—_— _______<u~'1y*~umz¢'u 23 U —— : ———n
C
C .
C CALCULATE THE ECCENTRICITY AND LICATE THE NEUTRAL AXIS
C % ——
<
Z1=ES11%12 0/([511~¢S°I(L))
S Z2=21/1.418
SU15=22/1248 —_——
I'_.'.':SI.I'.Il'_I/_L"I_lu >
F1=50RT(2.07E¥*¥2)
SUM16=t1/12.C
8 A O 10 L DLSUMS ). CLL..L__LS’__L.ANQ-.LSUMQ/SU%SJJ,LJJLL- Q)G T3 T
co o refd
7 WRITE (2.29%) ESLL
250 FLRMAT (FH a4 )
.___________.___._\'-I-'T‘( 1521 5L 1:SU"'?_-bU'-’3 LSUMa . SUN S-S‘JM&;SUH?_;SUM‘%.SU_\{;‘I__,__________
156 FORMAT (/70X FIF 13«2 3X))
wWRITE(3,1511 SUMI O bu~'11.SUM12.SUH13.5U~!1-‘-.SUM15.SJMD
151 FURKAT _(//2

X-?(rla.b.ZXlJ o
]QOQ C{"*TI" .

N C CHANGE THE VALUD OF MAXIMAM STRAIN

FS11=5511=-0x L0002
11 (iHl Bl . F) €] TO o6
500 CONTINUE
STORP
END
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1

AN LV L Levil

21 MALN

OATE 237538/

74058

S

TALCULATING 1ht NELATIONS bETwes

N hDRC:b.NQMENTb‘bTRAINht

hCCQNTRICITIES AND THE LOCATION OF THE NEUTRAL AX TS

5

10E DCwN -

FL=JLTC PST-Fo=0L 00V FSleP=1h

ESI
ES21.E522
EESC=STRAIN VALUE
EESS=STRAIN VALUE

—HEANTRAR STRAIN wALUE
+ES12=SRAILN

VALUES AT CORNERS -
THE CENTER OF A CONCRETE SOUARE
THE CENTER OF A STEEL SQUARE

AT
AT

—POSCESIrFE5s valkdo
PPSS$=STRESS VALUE
RMXT=TOTAL MCMENT
RMYT=TOTAL MOMENT

=T TRE LENTER OF & TONCRETE SWJARS
AT THE CENTER QOF A STEEL SQUARE .
ABQUT THE X AX 1S

ABOUT THE Y AXIS

rnwnnruwnnruwnnrwnnrnﬂnnruﬁnnruﬁnn

FT=YUTAL FORLE
E=ECCENTR1C!TY
Z=LQOCATION CF THE

~

NEUTRAL AXIS

DIMENS ION ESC(lSO).ESS(150).PSC(150).955(15C)-ESZl(!SCi-ESZE(!SO)
1&:115-151-A:(12.1S:.FC(lS.15).F5(15-15).Rﬂxct:5.15:.RHYCb15.ZS!,
ZRsttlS.IS).RMYS(!S.IS).F?(:S.:S).RMXT(!S.iS}.RMYT(:S.!S).x(1SQ}.
3YL{1i20])
c READING STRESS STRAIN RELATIONSHIP FaR CONCRETE
C
C & ' -
TBT READ (L+151] n.EbCLh).PbctK).NExT - .
C B : '
< ) " - -
18 FORMAT ( 15,2F10.5. 16}
Tt (NE - . .
NESC=K
C
C
[ REALD I Nb STRESS SI1RALN RELATIONSHIF FJR STEEL
C .
< -~
190 READ_(1.33) K ESS(K) PSS (K] s NEXT
=31 FOR .o TR ) -
IF({NEXTEC.D) GU TO 190
NE SS=K
c
[
C GEOMETERICAL OROPERT IES OF SECT ION
C
C
- READ L1120/ TXCTL)e L=1'123olY(J]| J=1112) . i
15 FORMAT (EF8.2}
C
[«
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\\ﬁ g7 CONTINUE
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N 1V W Lz VEL 21 MA LN SATL = 74358 2373573
< MAX IMAM STRAIN : )
- c
£511=3C<CC3
C
C N
% TEAD VALULD OF STRAINS AT TRE CURNL RS
[«

66 DO SCC 11=1.1% .
. L -l (1@[0‘ III-(::21(L1-L=1-01-(EbZZIﬂS-M:[.oS.ﬁFIl
16 FORMAT (Ja.szﬁ.a.1a)
wrl TE (3,384 £521 (L) L=1.6)-(ESZ2(N’- M=1 + &)
BS.FURNAT (//1H1-3X-12F3-5)

ZERO VALUES oF FQRCES AND MOMENTS t

2 (alalids

oo 1000 CoL=1le
po 1cct M=
SUM1=C00
TUME=0 eV _—
SUM3=C-C
syMa=C.C .
SUMS=0 .0 ) »
SUMQ:G.C -
SUM‘?zc-C
sUMB=0 .9
suMe=CeC . ——
v]e! peye]s) T=1.1<
po 2000 J= o1

TDENT IFY T rHo [UCATION OF QEINFORCEHENT -_

.

ancnn

AC({I.J1=1eC .

- e

—<ST T+ 0 ) =%
IF(XEI).EQ.—&.ﬁ.AND.Y(J).EQ-—éoslGO 0 17
6o 10 27

17 AC(1:3)=0.C

37=—1.

27 IF(XEIl-EO.-a.s.AND.Y(J).EQ. s.5) GO TO 37 .
GO TO &7 B

a7 ACL1 e33=EsC

o] =—. -
Tav IF(X(LE-EQ- QosoAND-Y(J)-EQ- 45360 T0 S7

D = 1.0
&y TF(x(1)-EQ. 4.5 AND < Y( ) sEQe=825) ¢o. TO 77

77 AC(I I =0 *

an
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AN lV-GL LLvEl &1 . MA LN DATE = 74058 FRYEYY;
% CLCULATION CF STRAINS
[

ESIZ:ES\l*ESZl(L)—ESZZ(M)
1F (ESID.GTeZ+CE3) G0 TOQ 81
. GC TO_ 9 .
3T ESTa=0a 0 J

91 IF (ES11.GT.ES512) GO To 13
GO TO 13
13 ES2=(ES12 )*(ES!!-ESIE)’(G-CGYtJ))/XZ-O
EsLa-lt.ocl L] T+ ESZZ(MI-E52 (LI I+ Yt RREAY-EL

Z=12-ClE$Z/(ESZ+E$ZZ)
1F ((O-C*XCIII-LT-(Iz-O—ZJ) G0 TO 10
EESC =ESZ‘(6-C+X(11—(12.C-Z))/Z

[ =::4*lo-uéh(s)-(12-0—‘11/L
GO0 TO S
1¢ EESC =C «C '
EESS =ESZZ*((lE-C-Z)—lé.O*X(I!)l/(lZ-O—Z)
GU TW 2.
14 ESZI=(ES11 I*(ESIZ—ES!!)‘(Q-O—Y(J))/12.0
ESZZ=(Z322(™) J+(E521(L1-E522(H!l‘(b-c*Y(J)lllzcc

- Z=12-C‘ESZ/(ESZ+ESZZ)

[ 93 (KC-‘.'+1_(T,10EI R errrLrel G0 T9 9

EESC =ESZ‘(6-C*X(I3-(12-0-11)/2

EESS =ESZ‘(6-C¢X(I)-‘12-C-Z’1/2

GO 70 5 ) 7

EEoC =Ney - ——e

o] .
EESS =eszz=(£12.o-za—(a.0¢x(1;):/(12.0—2)
§ CONTINUE

"

CACCULATIOR OF STRESSES . _

noen

TF (AC(!-JJ.EQoloC) [=]] TO =]
G0 TL 29 . .
& S =TABS{EESC ) »
. IF (S ECQ+Cel) - GO TO 89
K=1
11 1?(::C(ui-5)1-2.d
1 K=K+l .
6o O 11
4 PPEC:PSCEK—::+(5-CSC(R—13)‘(PSC(K!—PSC(K—liJICESC(K)—ESC(K-lil
o 10 132 ‘
89 PPSC =C.+C
133 PPSS=0.%
Qg TGO 1¢9
25 TEEABSI(EESS )
IF LSS-GE.C.GCZCCJ Go TO 99

K=1
110 IF (ESS(K)-SS)I?-ZQ-ZQ
IS R=Rri |
Go TO 112 . . . -
20 PPSS:RSS(K—11+(SS-ESS(K—1}It(PSS(K)-PSS(K—IJ)l(ESS(KI-ESS(K—l))
G0 TO 134
- o5 PPUSS=IG 200 C =0
134 PPSC=C.0C
109 FC{l,J)=PPSC *AC(144)

C

A
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N LY o Ltviel

C
<

21 . MA LN

SUMMMING UP FORCES AND MCMENTS

BaJC = 7405p

EEYRE-YEY

<
LS

SUM1=SUMI*FC(I-J) .
FS(l.J1=P255 aas{led?

SUNS=SUMZFESL [aJ)
RMXCLT W JY=FCL :.J)-Y(J)
SUM3= SUMI*RMXCL T+ )
AMYC{1eJ1=FCCTaddexil)

TUNMa=ouAat MY Tad)

RURS(I.21=FS{1 Jymvy{ D)

SUMS=SUMS+RMXS Led)
1aJ

{
4
RMYS{I+JISFS(L . ysx (1)

;uqo:buﬂotnM7ST[.J)
FT(I-J):FC(I.J]+FS(!.J}
SUM7=SUM2*FT(I-JI
RHxT(l-J):RuxC(I.J)+QM1$(I.J)

20C0

SUHo=bUH3f~“il(I-J1 -
RMYT(I.J)=RHYC(1-J)+RHYS[I-J)
SUH9=5UHQ+RHYT(IQJI

CONT INUE

ANnnan

NONDIMENT IONING

SUMIC=SUM?/433.0
SUM11=SUM$IDI:C-C
SUM12=SUM9/5150.0

SUﬁl3=bUH11/5UH12
SUM14=SUM12/SUH11 -

anonn

CALCCUCATE ink ECCERTRICITT AND LOCATE

-

Z;:ES].I'!.Z-C/(ESII+E521'(L))

S0 =
E=SURG /£ 5URT
SUM16=E/1z-0

THE NEUTRAL AXIS

IF ((SUNSI-GT-(-S.O).AND.(SUMBJ-LT-(S.O)) Go YO 7

25C

150

151
1000

oo 10 L1iw-
wRI TE (3.25CI1ESLL -
FORMAT (FG6ed)

UMG » SUM T SyUHS. SUMS

HRITﬁ(B-ISOl SUMI.SUHZ.SUHB.SUMA'SUHS.S

FAORMAT (//Ex.?(Fla.ﬁ.zx)l
CONTINUE

Fij. * + ¥ j . '
WwRITE(34+1951) SUMlC-SUHlIoSUMlZ-SUHIBnSUHIQ;SUHlS.SUHlG

[a X2l

CHANGE THE VALUE CF MAX IMAM S RAIN

ESI!=ES!1—C.OC02

560

Ir PRI-CUeC oo 10 o6
SONTINUE

STOP ’

EMND

\\
L



171

AN ¥ L LEVEL 21 MA LN BATE = (4u5B 2a/>1lrs4

N

TALCULATI NG 1HE RELATIONS BETWEEN FORCtS.MONtNTS.STRAlNS-

ECCENTRICITIES AND THE LOCATION OF THE NEUTRAL AXLS

CCRNER DOWN

ez 2080 STIF S=00000 PS1 e P=0R

ESTI=MAK I MAM TTRAIN vYALUE -

ESZl-ESZZ.ESIz:SRAIN VvALUES AT CCRNERS

EF SC=STRAIN VALUE AT THE CENTER QF A CONCRETE SCUARE
EESS=STRAIN VALUE AT _THE CENTER_QF A STEEL SQUARE .
a3 AGEEEIN e SERGI TERTER OF A CUNC&ETE'SEUIQE“"“—
PPSS=STRESS VALUE AT THE CENTER ofF A STEEL SQUARE
RMXT=TOTAL MOMENT ADQUT THE X AXIS
RMYT=TOTAL NMCMENT ABCUT THE Y AXIS
FY=T0TAL -

E=ECCENTRIC1TY -

Z=LOCATICN CF THE NEUTRAL AXI S

<
[
c
C
C
[<)
<
C
C
[«
c
C
[«
<
<
c
C
<
C
C
C
[
(=
C
C
<

a———r———

DIMENSION ESC(!SG)-555(150!quC(15O)o955(150lvE512C150)oESéZCISDJ-
lkCllS-IS)oAS(IS-ISI-FC(lSolb).FSi!S-lS)-RMIC(15.!5)|R~VC(15-:5!.
ZRMXS(ISoIS).RHY {15-15).FT(15-151.RH&1(lS-lSi.RH?T(lS.:b).K{155)-
[*R) ’ .
g .
C READING-STRESS STRAILN RELATIGNSHXP FOR CONCRETE
E .
180 READ (1.18) K.ESC(K).FSC(K).NEXT
18 FORMAT L !S.ZFIO.S. 16)
1F !NEKI.EU.G! 2] 9] T V=19] —r——
NEST=K
[
C
[ HEADING STRESS'STRﬂTﬁ'ﬂEtKTrtRSHTF'FUR-STEEE—_
E -
190 READ (1+34) KvESS(K)oPSS(KI.NEXT
£ -Uﬁﬂxl T !S.ZFIZ-E- IO)
IF(NEXT-EO-O) GO TQ 190
NESSZK
< —
C GébHETERICAL PROPERTIES oOF SECT ION
c
e — C —
. ] =1Ll * . =1l
15 FORMAT ( B8FB8.2)
C
C -
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W IV U Lovel <21 MA LN

MAX [MAM STRAIN:

DATE = 740548

227,51 /78

ES11=C.003C -

-

Yl alatnaralal

66 DC_ S00 11=1.10

RERD yA;uE; OF STRALNS AT THE GLANERS

READ (1100 (1i.(::12(L1.L=1.p).(:bzztus.

1& FORMAT (14012F605.14)
- wikR] TE

38 FORMAT (//1H1o3X.12FQ-5!

(3.38)C ESI2LL) . L=1+6)s (ES22(M) 4

Mzle6)

M=1lesGJoPHLl

- ZERGQ VALUES OF FORCES AND MOMENTS,

lafalalals

Do 1€00 L=1+% - -
[s]0] 1QC0 M=1+0

SUM1=o0.0 -
Soie=let
SUM3=0.0

- SUMaA=C.0
sUMS=0. 0
ZUME=C-C
5UH7=C- [ o]
SUMS=Q »
SUMG=C.C
DU 2¢C0 J=ls12
po 2000 I=le12

nn

(214}

AC(1+J)=1a0

C TSERNTIFY THE LCTCATION OF HE I NEORCEMENT

AGTUL JI=Ce%
1th2:>.Eo.-4.s.AND.Y:J).eo.—4.sace 10 17

GO TO 27
17 AC(1ad3=0e0

AS(T.00=-1 L

27 IF(X(I’cEQ.-ch-ANDoY‘J)OEOO gos)
GO TO &7 - .

37 AC{I1eJ)=0a=0 '

GO YO 37

AS

sd i = e .
47 IF(X(I)+EQe 4 o5 e ANDaY{JYECS 4.,51G60 TO S7

GO TO 67
57 AC{1,J43=C.0

ESTTs31= _1+C

&7 JFCX(1).EQ- 4.S-ABS.Y(J)oEC-—4-Sl
GD TO 87

77 AC(1.J)=0.0

GD.TO 77

AS(IIJ)-: Tel
ar CDNT}NUE

N
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AN IV O LuvEL

C
<

21 - - MA LN ] CATE = rECER ———55/51/%
CLCULATION QF STRAINS

[«

ESZI=E511—ES!2(L!-E522(N) :
ESZ:ESZ!*(ESII—ESZI)‘lb-C+X(Il)/12.0
xx:(ESl?(Ll-!2-C)l(ESl2(g)¢ESEZjH))

“IF ctfi?b—xx;.ur.to.ovngfT) cg a0 3

o Yo 31
Eszz=es:2(L)-c(6:c+x(1)>-(1z.o-xx))/xx
EESC:ESZZ*(ESZ-ESZZIl(b.C+Y(J)3/12-C

31

.-E;:»::--t:::.?. T (cSZl-E52Z) T(G.0rTiJ11 /12«0
G0 TO :

a3 .
ESZZ=ESZE(M)‘((12-C—XX)—(6.0+X{13))/(12-0—!!3
Z=(12-C‘ESZ)/(ESZ+ESZZI

TF ((12.0‘—‘25.‘;.1'_(. AT A EREE 57

.60 'TO S8

o7

EE5C=ESZ‘((6-0*?(J))-(12.0*Z))/Z -
EESS=ESZ‘({6-O+Y(J))—(12.0—2))/2 .

<5
33

retu I 1o I X

EESC=0.C
EESS=ESZZ*((12-0—2)—(6-0+Y(J)l)/(lZ-O-Z)
CONTINUE .

CALCULATION OF STRESSES ¥

s (alalala

ir {AC(!oJ!-EQ-I-O) GO TO S .
Go TO 25 Co- .
s =ABS(EESC

=

11
1

K=1 -
»IF(ESC(K)—S}I-z-a

IF (S el el o0 7 GO 19 BY

-

K=K+l

2
89
PR

25

A ——n

Gd 10 11
PPSC:PSC(K—I)+{S-ESC(K—11)*(PSC(K!—PSC(K—I})I(ESC(K)—ESC(K—I))
Go T0 133 . :
ppsc  =0.0
PR So-be U

GC TC 1T%
S5=ABSLEESS

1F (ss.cs.o.oozdb} ¢a TO 99

————

.

110
19

K=1 k)

IF (ESSYIK}=55119.2C+20
K=K+l

Go TO 110

zﬁ‘gpssEwssrz=r7vr§s=tssrz=71111wssrz1=vser=TTTvTEserT=Essrz=111——‘

$9
1 34

TO0 134
PPSS=10BCGO0
PPSC:O-O

—_——Y 0T FCC I J=PPSC T #ACTLs )

SUMMMING UP FORCES AND MOMENTS

annnn

SUHI=SUM1+FC11-J) - -~
FS{ 1.J)=PPS55 saSt1.Jd)

S
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NMOIV G LEVEL 2t

DATE = 74058 22/91 7%

SUM2=SUM2+FSL 1.

SUAS S SUMA e RMX

J
RMXC(1adI=FOllsd
1
RMYC(leu)=FC{ 14D

RMXSLT + 31 SFSL

[

1
Suun:suma+QuYC
L

S

:uﬂS:Sumsrknx‘(I 2 .
RMYS(1 +JI=FSH{
SUMG=5UMES AMY
FT(I.JI=EC( .

CRMXT(L s ) =RMX

SUMBI=SUMB+IMX

{
)
J
SUH?:SUH7+rT(I
[
T
RMYT(I-J]:QMYC

2200

Suﬂﬁzbuﬁ§+n. i
CONT INUE - ) . {

nannn

NDNDIH;NTIUNlNu . . "

SUMIO:SUMT/G33-C

.bUH]1=5UMU/bldO-O

SUM12=5SUM3 /51800 - . : ' :

'SUH13=SUM11/SUM12

SUHIQ:SUMIZ/SUM11
- " Cy

CALEULATE ™S ECCENTRICITY AND LOCATE THE NEUTRAL AX1S .

AN Hn o

21=E522(M)‘12.0/(E512(L)+5522(H1)
Z2=2Z1/ 14418 .

200
15¢C

SUH15=(17.C-22)/12.0

E=SUMG/ SUMY g -
EI:SCRT(Z-CIE*!ZI ’ -
SUM16=E1712.0 .

WRITE (3.250) £s11

FGH:AT(]'D.I") .

PRITEL2LIEC) suu:.sua:.sumz.SUﬂa.s;xs.suzs.sumr.susa.sum:
FORMAT (//2!.°(FIC-2‘3K)) A
WR1TE (31511 SUM1C.SUH11.sum12.suu13.suuta.suﬂls.SUMIG -

151
1¢00

FDm . X=X
CONT INUE

anonn

;HKNGE’TﬁE‘VXEUE'UF_ﬂIXTﬂTﬂ STRAIN

£511=£511-0.0002

5Q0

T+ TPHIEC-D ) oo 10 " &5
CONTINUE
sSTOP

END
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TAN LY G Livel

21 MA LN

OATE = 74058 - 21708,

CALCULATING THZ

ECCENTRICITIES AND

RELAT [UNS BETWEEN FORCES-HOMENTS-STRAINS.

THE LOCATION OF THE NEUTRAL &X15

CORNER UP
TN

FCz2500 PSI.FS=4SC00 S5 1.p=2% .

f
ES11=MAXIMAM STRAIN VALVE

ESZI.ES:2-F512=°RAIN‘VﬂLUES AT

EFSC=STRAIN VALUE

TSI TRALN vALUS

EAT TRE CENTEW O

t-—

PPSC=STRESS VALUE
PPSS=STRESS VALUE
RMXTETUTAL MUMENT

RRYTETCTAL NoAENT
ET=TOTAL FORCE
E=ECCENTRICITY
Z=LOCAT ION QOF THE

nﬁnnnnnnnrnnnnnnnnnnnnnnnnnn

CCRNERS

AT THE CENTER CF A CONCRETE SQUARE
A ST START

CFf A CONCRETE ST UARE

OF A STEEL SCUARE

X AXIS

Y AXIS

AT TnE CENTER
AT THE CENTER
ASOUT THE
ABQUT THE

* ————

NEUTRAL AXIS

OINMENSION fSC(:SC!.ESSi:SC).PSC{150!.?55(!59:-ES::::SC!.fShZ(Isct
1#:(15-15!-AS(12.15).FC::SvIS)-fstls.ls}.R“rC(lS,IS).=“YC{15.1$!.
ZRNXb(lbolb).RMYS(lb-lb).FT(IS.IS)-RMXT(IS.IS)-RMYT(IS-I&!.XTTSUTT
3Y(150) ’
C
<
L= T AUTRG STRESD SIRALN AETATIONSHIP FIR CONCRETE -
c .
c .
180 READ [1+158]) KoESC(K).pSC(K).NEXT
18 FuURY - serFleDe =)
1F (NEXT.EQ.G) GO TO 180
NESI=K
C
[
C READING STRESS STRAIN RELATIONSHIP FOR STEEL
c -
C
1SN READ (1.33) N oESSTRTPSS{RI +NEXT
33 FURMAT (IS.2F12-6.16)
IF(NEXT-EQ.O) 60 TO 190
NESS=K
g
[ GEOMETERICAL PROPERTIES OF SECT ION
—— c —
[«
READ (1.15} {XCI)oe I=1.12}-(Y(J). J=1412)
15 FORMAT (&FB8-2)
C

4
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v Iv o L-vockl <l j MA LN TAIE = +9.58 2:>:hlp,

MAXIMAM STRAIN . - T

E511=C.C03C

READ VALUES OF STRAINS AT THE CORNERS

tlnannn nnon

56 90 96w

1 (L).L::;b).(Eézz(ux.n:x.s);pnx)
16 FORHMAT {1
{3 . L=l-bl-(€522(ﬂl- M=1.6)

=D FORMAT lrrin

ZERO VALUES OF FORCES AND MOMENTS

nnNnnn

0ON16CC L=l
. D27 o0¢ M=
SUMLI=C =0
sSuM2=0 -0
R SUM3=6.0
SUMA = .0

|

SUMD=U e U
4 SuM&=0.0
SUMT=0 .2

SUR=C.0

SUMYSL eV
0o 2300 i=
oD 2000 Ny

IDENTIFY THE LOCATION OF REINFORCEMENT

falalatals

mo =
O

—a.b-AND-T(J)-EO.—#-S)GS TS 7

7 ACT

[A)

Q

-

o
[UPRNPRE {8 L e

o 1o u

ml

I.
l‘

27 1F(X{ - a5 e ANDaY{J) +ECQ. 4.5) GO TOQ 37
T

N
MmO

2.5¢ANDY( J)+ET 4.5)60 TQ 57

O renlf

I

m
el o X]

=]
»
47 IFCX(
Q
T7 AC(L.

.

s ¢ A
o

n—q(_(r

“.S.AND.Y(J}-EQ.—G-S) -GJ T0 77

Tr ALl Led
AS(IeJd
£7 CONTINU

o1

o

a

-

o
] (1) e
[

.
(2]

mil i~te
[y
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TAtd LV w Lzvel 4l * MA LN DATE = 74058 21 /54

CLCULAT TN OF STRAINS

[alaYalal

E312=FS22(M]1~ES21(LI=-ESIT ~
Eszigéj?*QgS??(M)—E51??-(6-O-x(1))/12.0
XXz Siimlc.c/leSti+En21(L))

IF  ((12+.CoXX)aLTa(8.0+x{113) GO 0 3
ca Yo 31

3 ES;;:ESl:-(ia.o+x(1):—(1z.o-xx::/xx .

oL 2l 2/ ESL+ESLLY

I= ((12-012)-LT-(O-0*Y(J)J) GO TOo 9T
GO TO S8 ’

7 EESC:ESZI‘((&-C+Y(J)!—(12.3—2!)/Z
EEba=:bZZ'((c-b¢Y(Jl!—(12-0—2)!/2

G) TO S

98 EESC=C ¢
EiSS:((12-3—2)—(&.C+YIJ))!*ESZ/(IZ-S-Z)
Oo W 2

3 ESZZ=§SZITL]‘((12.0-X!)—(6.C+x(I)))/(IZ-O—XXU
ESSC=Ca0 .
:sss:eszz+tsszkeszz)*ce.o—Y(Jiifxz.o

o CUNTINUE

CALCULATICN OF STRESSES

nrinno

e tAC(L.J).Ec.:.C) GO 70O [2)
G0 TO 25 .

55 =ABSlEESC ] . -
IF (S<EQeC.C) GD TO 8% .

K=1 :
11 IF{ESCIKI=511.2,2
1 =€ 31 -
G0 TO 11 . .
2 PPSC=PSC(K-1)*(STESC(K-li)‘(PSC(KJ—PSC(K-l))/(ESC(KI—ESC(K—Il)
GO TO 133
S PP og =G0
133 PPSS=C.C :
&0 Yo 14H
25 S3=ASS(EESS )
IFAATbb-GE-C.CUISU) GO - iv K]

K=1
110 1% (Esscx)—ssrlfféo.zo
19 l'(=11:+éjj
TO T Y]
20 PgSS=PSS(K-1J+(gﬁrESS(K-1})*(PSS(KI-PSS(K-IIl/(ESS(K)—ESS(K—l})
o TO 13¢ : .
99 PPS55=3240C.C
T 356 PPSCRUsL N
109 FCll.3)=PPS< 2ACL o)

SURRARING UFP FOWRCES AND ROMERTS

nann

SU“1=5UM1+FC(I.J)
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-~

N AV

Level

)

21 MA LN DAIE = /4450

FS(1,03=PP5S #AS(l.d) *
SUNMISSUMI #FST L.

PIWELYAS

HMRClLlsdbt=bwlle
SUM 3= Sy 3eRMXCL
RMYC(ledi=FCl 1.
GUMEL SS5UMa+ INY

1
3 c
RHRStle JI=F o0 | Y{J)
SUMSSSUMS+RNXS
RMYS{1.J1=F5C1

S

SUM = SUMASIMY

x(1? '

[N LS ) {
- |

)
.
)

)
EY({ledi=Faillsd FSlled)
SUMT=SUMT+FT(I »
RHxT(I.J)=RMrcc1.J)+RMxS(I.J!

SUM8=SUH5+=MxT(l.J!

L4l

2000

e —.

RMY\TT131=antTTzJ)+RHYb(1.J]
SUH9=SuM9+RMYT(x.J)
CONTINUE

falatata

NONDIMENT IONING

SUFTC=50M I 70o¢ =0

SUM11=SUM5/TSO0.0
SUM12=SUM9/73CC.O
SUH13=SUM11/SUH12

5UH1¢=SUH12/5UH11

CALCULATE THE ECCéNTRICITY AND LOCATE THE NEUTRAL ARIS

[als [alala

ZI=ESII‘12-C/(E511+8521(L)}
SU“IS:ZI/(!-Qlé'IZ-C)

ESSURS 7 SUM7

El=SQRT(2-O‘E*t23

SUM16=E1/12.0 -

1F ((SUM?/SUMBJ.GT-(O-97).AND.(SUH9/SUM8)-LT-(I-OB)) [e]

250

o [¥] T we

WRITE (3.25¢) ES11

FORMAT (F&e2)

ﬂRITE(3oISG) SUM‘-SUMZ-SUM3.SUMQ.SUMSQSUHﬁ'SUM7-SUMG-SUM9

1

151
1000

T 7

FORA AT 77X IFICCe Rt ]

WRITE(3+1523 suulc.suu11.SUM12.SUM13.suula.suu15.suuié
FgIMAT (//2X.7(F14.6.2x))

CONT INUVE

CHANGE THE VALUE OF MAXIMAM STRAIN

e falalala

5CC

ES11=ES511-0.00C2 .
Pl {pri.E0.C) GO TO& 66
CONTINUE

sTor
END
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IAN IV G LEVEL

21

MAIN DATZ = 74058 21753732

CALCULATING THE BALANCING MOMENTS FOR DIFFERENT CONIZIRETE STRENGTH.

STEECL YEILD SYRENGIM.PERCENTAGE OF RS [NFORCSMENT AND COVER SRATIQS.

CC=POSSION_QF THE NEUTRAL _AXID

A-DEPTH CF THE CONCRETE BLOCK
T=STEEL TENSILY FORCE
C1=STECL COMPRESSION FORCE
C=CONGRETE CQWPRESSION FORCE

FMB=BAL ANC ING MOMENTS

Nnon nnnnnnnnnnnnnnnnnn

CIMENS [ON FC(!OO)-FY(IOD).AS(100).6(100)

READ CONCRETE STRENGTH

10

SEAD (1107 (FC(1ls1=1+3)

FORMAT (3F7.1)

READ STEEL YEILD STRENGTH

nnn

20

READ (1+20) (FY(J1,J=1,48)

FORMAT

4

4F3eid

nnon

30

READ PERCENTAGE OF RE INFORCEMENT

READ (1.301) (AS(K) 1X=1.8)
FORMAT _(0F 6. 3}

noo

READ CCVER RATIO

40

0g 15

Co_16

I

READ (1,80) (G{LIa3=127)
FORMAT [7F6-§I

mu
\

- 99

0o 17
wRITE

A b

N e

-
1
1

@

(3.99) FC(I).FY(J SiK}
FORMAT (1HO:3Fl4e5)
po 18 L=1.47 .

CALCULATE THE POSSION OF THE NEUTRAL AXIS
CC=(B7OOOHQ/($7Q9939+FY$J)))‘(10.0-{(1090—G(L)‘1010)/2oO!J

-
nnnl AOO

CALCUL ATE YHE DEPTH OF THE CONCRETE B8LOCK
1r (FC(1)-.6T.4000-0) gD TQ 22

A=0. BS*CC
GO TO 23
22 A=0.B02CC
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AN IV G LEVEL

C
C

21 MAIN DATE = 74058 21,5%3733
CAD?ULATE‘STEEL YENSILE STRAIN ANB,S{EEL TENS ILE FORCE

23

H=10.0-CC

M= (0.0C3eH) /CC
2=H=((10.0-G{L)#1001/2:0)
ZZ=rpe 24N, :

IF(ZZ.LT.FY(J!/ZQ'IO‘*bJ ¢D T0 8 L)
GO 7C 9

FYT=ZZ*2G*10%¢0

T=P 08AS(KI#FYT

nrn

GO T0 11 -
T=2.0%AS{KI*FY{J}

CALCULATE STEEL CQHPQSESLON cTralN AND STELL coMeIESSION FAICS

11

. /4

w2CC-((10.0-G(L}*10401/2.0) - :
wWa={0.0030wW}/CC ﬁ

TE (WW.LT.FY(J)1/20%]0%%6) G TOQ 12

-

12

GO 10 13

FYC=xwe29%10888 .
Cl1=2.0#AS(K)*FYC

GO TO 148 ’

13

- —
C1=200-A5(K3'PY(J)

CALCULATE CONCRETE COMPRESSION FCRCE

212 1a Bl ALAl4]

14

CoA®0.Co#10. C=rC (1) .
CALCULATE THE BALANCING MOMENTS o - .

FMO=CF (D04 A /2-0))#(C1*T)*G(L)*S.O
FMB=FNB/1000.0 ! *
WRITE (3.9C9} EFMB

FORMAT (1HO. F15 .21

TUNTINLE . ’ .
CONT INUE
CONTINVE

CONTINUE L~ P
STOR . )

END o






