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ABSTRACT

In a previous paper the authors described an iterative solution for the
analysis of rectangular reinforced brickwork columns subjected to biaxial
bending. In this paper the method is developed further ard interaction diagrame
included which enable the designer to consider the effect of different
eccentricities of loading about both axes. The curves are suitable for solving
for both uniaxial and biaxial bending.

A brief description of laboratory tests on columns is also included and a
comparison made of eXperimental and theoreticzl values.
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INTRODUCTION

Columns of reinforced concrete loaded eccentrically about one axis have
been studied extensively and some recommendations have also been put forward
for uniaxial bending of reinforced masonry. In the case of biaxial bending
of reinforced concrete columns it is usual to consider the two axes separately and
to use some combination of two separate uniaxial cases.

Very little work appears to have been done for the case of biaxial bending
in columns of reinforced brickwork and a procedure for the design of such
columns is outlined in this paper. Only one type of rectangular section is
considered and although the number of interaction diagrams is limited to three
cases it will be apparent that the method can be extended to other sections and
additional load cases.

Biaxial bending can arise directly from an applied load which is eccentric
to both axes or indirectly from forces introduced by wind or earthquake and it
is important that the columns are adequately designed to allow for these moments.

The problem is non-linear in that the bending produces a deformation which
introduces secondary bending and the procedure used for obtaining a solution is
based on an iterative method similar to that used by Farah and Huggins (1) for
columns of reinforced concrete. The columns are first subdivided into sections
and a triple iteration procedure used 1) across the section 2) between adjacent
crose-sections 3) over the column length. (2).

BASIS OF THE METHOD

Since the eccentricities at any section will consist of the algebraic sum
of the applied eccentricity and a component of the deflection it follows that
a knowledge of the variation of the eccentricity implies a knowledge of the
deflected form.

(a) Initially the following assumptions are made with respect to the central
section.

i The eccentricities

2. The corner strains

The forces and moments at the central section can now be calculated
independently on the basis of the two assumptions and any differences corrected
for, by changing the corner strazins incrementally. The calculation of the
forces and moments from the assumed corner strains is based on an integration
of the stresses over the section.

(v) Opce the two sets of forces and moments are within acceptable limits the
analy31§ proceeds to the next section by first calculating the value of the
eccentricity at the second section as a function of the previous value and the

Eurva?ure. This requires a second iteration since the curvature is itself a
function of the two eccentricities.

The corner strain at the second section are now assumed and the first

iteration repeated at section two until the two sets of forces and moments are
in agreement.

(c) Finally the process reaches the top of the column and the calculated
eccentricity compared with the known applied eccentricity. If the difference
is not within acceptable limits the whole process is repeated by incrementing
the assumed values of the eccentricities at the central section.
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Thiz would be very tedious for hand calculation and a computer program has
been developed in Fortran to carry out the iterative processes. A flow chart
for this program is shown in Fig. 1. In this chart the second iteration
between adjacent cross-sections has been omitted since it was found that, for the
sections considered, the inclusion of this iteration did not greatly affect the

results.

MATERIAL PROPERTIES AND GEOMETRICAL DATA

Stress-strain relationships must be defined for the three materials used in
the construction of the columns and for this present work the relationships used
are as shown in Figs. 2 and 3.

Although the computer programme is written in non-dimensional form it is
based on columns of rectangular section similar to that shown in Fig. L. The
modification required to analyse other sectional forms would present no
difficulties.

THEORETICAL, RESULTS

Interaction diagrams are shown in Figs. 5, € and 7 for a typical rectangular
section for which dq = 0.9T znd dz = 0.85B. The diagrams are based on values
of the axial load P of 0.2, 0.3 and 0.4.

where P = N/meT

For these interaction diagrams it has been assumed that the grout and the
brickwork have identical stress-strain characteristics.

A set of these charts could be produced for other load cases and other
rectangular sections with different values of d41 and dp. The charts shown
have been derived using factors of safety of 2.5 for brickwork and 1.15 for steel
so that ultimate values of the moments are indicated.

The charts can be used in two ways.

1. Knowing the applied axizl load and the moments about both axes, it is first
necessary to select the appropriate chart for the axial load (or interpolate
between two charts). Then by locating the interaction point using the known
values of moments, the required smount of steel can be ascertained.

2. Knowing the axial load and the arez of steel used, suitable values of the
ratio of Mx to I\‘ly can be determined.

Example 1:

Consider a rectangular column with B = 100mm, T = 200mm, dq1 = 0.9T and
do = 0.85B. Agsuming that the axial load (N) is 300 kN and the moments are
My = 7.2klim and My = 2.LkNm. The required area of steel can be determined 5
as shown below. The design stresses are taken as f = 15N/mm? and Fy = 1460N/mm* .

non

Solution
e e _ _ 300 x 100 B
E= N/meT = 15 x 100 x 200 030

2 7.2 x 1000 x 1000 B
M /1 BT = 5 x 700 x 200 x 200 = 012
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2 2.4 x 1000 x 1000 _
My/fm L 15 % 100 = 100 = 200 0. BR

From chart (Fig. 6)

A /f BT = 17 x 10"h
S m
; _ 13 x 15 x 100 x 200 _ 2
i.e. As = 7000 = 390 mm

Example 2:

Using the same section and design stresses as given in Example 1 and
assuming that the steel area is known to be 3901111:12, then safe combination of
Mx and My can be determined from the charts as shown below,

Calculate N = 300 = 0.3
fm BT 15 x 100 x 200

Therefore use Fig. 6

L

s = 390 = 13 x 10°
BT £_ 00 x 200 % 15
The broken line lying between AS/BT f_ values of 15 x 10_}'l and 10 x ‘10-14

shown in Fig. 6 represents safle combinations of Mx and My'

EXPERIMENTAL INVESTIGATION

A test rig was constructed for application of axial loads and biaxial
bending to columns constructed of half scale brickwork. Details of the test
rig are shown in Fig. 8.

Initial tests indicated that there were inherent weaknesses in the rig
construction which required modification. These changes were concerned mainly
with the support conditions at either end and the final arrangement the axial
load was applied through steel balls placed at both end of the column.

The results obtained from three subsequent tests are shown below.

Test Ult. axial load Measured Values (klNm) Theoretical Values (klm)
No. kN Mu Mu Mu, Mu
% ¥ X ¥
1 235.8 10.95 4.07 10.08 L.48
2 235.8 9.12 4.98 8.19 L.71
3 294,.8 7.08 3,01 8.65 4.27

The deflectionprofiles determined using the computer programme, I"br
constant axial load P and different combinations of My and are shown in Figs.
9 and 10. The measured values obtained from the tests are also shown on the
game diagrams.

846



CONCLUSIONS

The limited number of practical tests completed to date shows that the
theoretical results are conservative. Additional testing is required before
firm conclusion can be drawn but the results indicate that the theoretical
approach gives results which are in close agreement with the measure values.
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