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Frem Figure 5.1 for —TX 0.60 no point on the curves for f 0.87Z
and —3“— = 0.52 ~ hence segtion too small.

Increase column size to 15" x 15"

Pu'

T = 0.33

C

e _ 10.48 _

* = Is.00 - 0+698
0 = 26.6°

At the ends of the column estimating between 0 = 0 and 6 = 45°
and using Figure 5.2

Max. strain = 0.0018

% = 0.66 .. z = 9.88" (z is the perpendicular distance
from the neutral axis to the
point of maximum strain)

0.0022
9.88

curvature =

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

Assume max. strain = 00,0030
From Fig. 5.1
e

e 0.83 e = 12.45"
%= 0.65 2z = 9,73"
curvature at midheight = 969%%9

Hence from moment area (noting that e/z
about the neutral axis is A = 1,17"

%%? the lateral deflection

e actual = (e top + A) = 10.48 = 11.65
e possible = 12.45"
e possible > e actual .. section OK.

Obviously the maximum strain at the mid height to satisfy com-
patibility of deflections is less than 0.0030

Try € = 0.0024 by interpolation

% 0.66 z = 9.88"
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0.78 e = 11.70"

|
i}

A= 0,93"
e actual = e top + A = 10.48 + 0,93 = 11.41"

11.7"

e possible
section OK

Comparison with ACI 318.71

Comparison with the current ACI method can best be made by com-
paring the moment magnifiers of the two methods.

_11.41

Exact analysis Gexact = 1048 = 1.09
Calculations as per ACI 318,71
c =1
m
Bd = 0.0 -+ to correspond with previous
Ig = 4218 ins.4
E = 3,5 % lO6
c
EI = 5900 x 106 lbs. 1ns.2
SACI = 1,20

Comparison shows the two moment magnification factors
Soxace™ 1.09 and Spcy = 120 to be in close agreement. Similar agree-
ment has been found for all the trial columns checked by the authors.

Discussion of Method

A possible criticism of the method is- that the neutral axis 1s not
necessarily perpendicular to the line of eccentricity; giving rise to
deflection of the column lateral to the line of eccentricity. For
square section columns this effect 1s not large and can be ignored.

Lateral buckling is not generally considered critical for re-
inforced concrete columns but circumstances can be envisaged where the
lateral stiffness of the partially 'plastic' section is not adequate
to prevent buckling lateral to the line of action of the load. Hence
the lateral flexural stiffness of the 'plastic' section is required.
However as reinforced concrete columns fail by material failure the
buckling problem can be avoided by resolving the curvatures onto the
symmetric axes and calculating separately the lateral deflections
about each axis.
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CONCLUSIONS

Design charts are presented which simplify the design of slender

square section symmetrically reinforced concrete columns under bi-
axially eccentric loads. The method satisfies equilibrium and com-
patibility across the section and along the length of the column.

Comparison with the ACI moment magnifier method shows the ACI

method to be approximately 57 conservative,
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NOTATION
smaller dimension of column cross section

factor relating the actual moment diagram to an equivalent
moment diagram as per ACI 318-71

eccentricity of load

modulus of elasticity of concrete

factor to correct for cover ratio - defined in text
specified cylinder strength of concrete
speclfied yield strength of reinforcement
cover ratio

second moment of area of gross concrete area
second moment of area

ultimate moment about y axis

ultimate moment about x axis

design ultimate moment about y axis

design ultimate moment about x axis

defined in Figure 2

ultimate load at actual eccentricity e = ex2 + ey

0

ultimate load at ex with ey

[

ultimate load at ex with ex 0
axial ultimate load

larger dimension of column cross-section

perpendicular distance from neutral axis to point of maximum
strain

ratio of maximum design dead load to maximum design total load

lateral displacement of column
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§ moment magnifier - as per ACI 318-71
€ strain
P steel ratio
P y
™ x
My
My

Fig. 1--Load biaxial moment interaction surface
Mgy |

Pannell

Present work N

My Mgy

Fig. 2--Horizontal section through interaction diagram
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