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ABSTRACT 

When bending takes place about both axes of symmetry 

In a symmetrical element, or when It occurs In an unsymmet-

rical element, a condition defined as unsymmetrlcal bending 

exists, which means that the element bends about an axis 

other than an axis of symmetry. 

In the past, many studies have been made concerning 

homogeneous elements subjected to unsymmetrlcal bending, 

but non-homogeneous elements such as reinforced concrete 

have been neglected, both in theory and experimental investi

gation. 

The object of this thesis is to determine the accuracy 

with which the elastic theory may be used to compute the 

stresses in a square reinforced concrete column subjected 

to unsymmetrlcal bending. 

Two 10 inch X 10 inch X 96 inch reinforced concrete 

columns were constructed for use in the experimental portion 

of this thesis; one column contained 1.24 per cent reinforcing 

steel and the other column contained 4.0 per cent reinforcing 

steel. Pour tests were performed on each column, with vary

ing positions of eccentricity of the load about one axis and 

a constant position of eccentricity of the load about the 

other axis. The increment of load was varied four times for 

each test. 
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The strains in the steel and concrete of the column 

were measured by means of SR-4 strain gages. A strain gage 

was mounted on each reinforcing bar and on the concrete at 

the point of maximum stress, and was connected to a strain 

indicator which gave strain readings directly in micro inches 

per inch. 

The stresses in the steel and concrete due to each 

loading condition were computed by the elastic theory and 

compared to the stresses obtained from the experimental in

vestigation. 

Results of the tests indicate: 

1. In a square tied column containing approximately 

1 per cent steel that is subjected to unsymmet-

rical bending, the use of the elastic theory to 

compute the stresses in tensile steel and com

pression concrete will yield conservative results, 

while the compression steel may be stressed as 

high as 120 per cent of the computed stress. 

2. In a square tied column containing approximately 

4 per cent steel that is subjected to unsymmetrical 

bending, the use of the elastic theory to compute 

the stresses in steel and concrete will yield re

sults that are unconservative. 
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CHAPTER I 

INTRODUCTION 

General.--The most general condition of bending in structu

ral members, such as reinforced concrete columns, can be re

ferred to one of two cases. The first case Is that In which 

a normal force acts away from an axis of symmetry of a sym

metrical member, and the second case Is that in which a nor

mal force acts on an unsymmetrical member« In either case, 

bending takes place about an axis that is not an axis of 

symmetry and it Is thus defined as unsymmetrical bending. 

This general condition is important in that all other 

conditions of bending can be referred to it. It is of pri-

mary importance in the case of reinforced concrete members 

because the use of the principle of superposition to calcu

late the stresses in non-homogeneous members subjected to 

unsymmetrical bending is not valid. If This is primarily 

because the modulus of elasticity of the steel is greater 

than that of the concrete, and because a reinforcing bar 
• 

will act alone to resist tension forces due to bending about 

one axis, but will be aided by the surrounding concrete to re

sist compression forces due to bending about the other axis. 

Reinforced concrete columns subjected to unsymmetrical 

•̂ Underlined numbers refer to the bibliography on 
page 55. 
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bending may be of such importance in a structure that it 

would be unsafe to depend upon an approximate analysis to 

determine the stresses in the column. Therefore, it seems 

essential that the problem of unsymmetrical bending in non-

homogeneous members be recognized, and that theoretical 

solutions, verified by experimental data, be made available 

to the structural designer. 

Previous -Studies of Unsymmetrical Bending.—While the theo

retical analysis of stresses in homogeneous materials, such 

as structural steel, arising from unsymmetrical bending has 

received a great amount of attention, the problem concerning 

non-homogeneous materials, such as reinforced concrete, has 

been neglected until recent years. To the knowledge of the 

author, the investigation conducted for this thesis consti

tutes the first experimental effort to determine the stresses 

in a reinforced concrete column subjected to unsymmetrical 

bending. 

Review of the Literature.--A search of the literature per

taining to the problem revealed only three sources of appli

cable material. Lu-Shien Hu, £, sets forth design aids in 

the form of graphs and charts to assist the designer in de

termining the stresses in rectangular reinforced concrete 

columns. Williams and Cutts, 3_, present an exact solution 

for the problem" and also include design aids to decrease the 

labor of the designer. 

The theory presented in Chapter II is primarily based 


