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Abstract: Columns are vertical compression members which carry primarily axial Compression load; the axial load 
may be associated with bending moments in one or two directions. They transmit loads from the upper floors to the 
lower levels and then to the soil through the foundations. Since columns are compression elements, failure of one 
column in a critical location can cause progressive collapse of adjoining floors and might lead to total collapse of the 
entire structure. This study is carried out to investigate the general deformational behavior of laterally braced reinforced 
concrete columns at floors' levels. The columns are subjected to axial compression loads acting at the top level of 
column. The cross section of columns and their reinforcing steel are kept constant, while the locations of the lateral 
beams at floor level within the long dimension of the column cross section in addition to the unsupported length of 
columns and the rigidity factor of the lateral bracing beams are variables. The experimental phase of this research work 
comprised testing of four reinforced concrete rectangular columns of medium scale  model repesenting a ground and 
two typical floors column. In the analytical phase of this research work, the tested columns were analyzed using a 
computer program (ANSYS), taking into consideration the nonlinear behavior of concrete and reinforcing steel. A 
comparison between the experimental and analytical results was made to verify the finite element model of the tested 
columns. This was a necessary step to study more related parameters by the finite element analyses such as the 
unsupported length of columns and the rigidity factor of the lateral bracing. This research presents a proposed equation 
for calculating the ultimate load of the laterally braced tied columns which takes into consideration the effect of 
changing the unsupported length of columns, the rigidity factor of the lateral supports and its locations within the long 
dimension of columns’ cross section. 
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1. Introduction 

Structural column failure is one of major 
significance in terms of economic as well as human 
loss. Thus, extreme care needs to be taken in column 
design, with higher conservative strength than in the 
case of beams and other horizontal structural elements, 
since compression failure provides little visual 
warning. 

This study is undertaken to investigate the general 
deformational behavior of centric / eccentric laterally 
supported reinforced concrete columns at floors' levels. 
These columns are subjected to axial compression 
loads acting at their top level. The cross section of 
columns and their reinforcing steel are kept constant, 
while the locations of the lateral supports through the 
cross section of columns in addition to the unsupported 
length ratio of columns (lc / b) and the rigidity factor of 

the lateral bracing (I
b

 / l
b

 ) are variables. 

Studies on high strength concrete columns under 
eccentric compression were conducted by Lloyd and 
Rangan (4). The results of a research program on the 
behavior and strength of high strength concrete 
columns under eccentric compression were presented. 
Thirty-six columns were tested; the variables were 
column’s cross-section, eccentricity of load, 
longitudinal reinforcement ratio, and concrete 

compressive strength. A theory was developed to 
predict the load deflection behavior and the failure load 
of high strength concrete columns under eccentric 
compression. The theory was based on a simplified 
stability analysis and a stress-strain relation of high 
strength concrete in compression. 

Strength and ductility of laterally confined 
concrete columns was studied by Chung et al. (1). The 
objective of this study was to determine experimentally 
and analytically the magnitude of the strength 
enhancement of concrete confined by lateral ties. 
Sixty-five reinforced concrete columns with a 200 mm 
square cross section were tested. An empirical equation 
was presented to determine the strength enhancement 
as a function of the tie stress, the effectively confined 
distance ratio, the volumetric ratio of ties, and the 
strength of concrete. The validity of the American 
Concrete Institute and Canadian Standards Association 
specifications for minimum tie spacing and the design 
of cross ties were examined. 

Buckling behavior of slender high-strength 
concrete columns was investigated by Kima and 
Yanga (3). The predicted behavior of the concrete 
columns by the numerical method proposed herein 
show good agreement with the test results, they also 
show that the ACI's moment magnifier method may be 
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 A number of  27 reinforced concrete columns divided 
into 6 groups denoted as group ( A , B , C , D , E and 
F) , each contained 4 columns, except group (A) which 
contained 7 columns, were analyzed. 

The following properties were considered common 
to all columns of each group as shown in Table(3). 
- Characteristic strength of concrete, fcu 

- Yield strength of steel, fy 

- The cross section of columns. 
- Reinforcement of columns. 
- The cross section of the lateral bracing in the 

short dimension. 
Summary of the properties of different columns groups 
is shown in table (5). 

 
Table (5) Physical properties of the analyzed columns 

Rigidity factor of 
the lateral bracing 

(m3) 
(I

b
 / l

b
 )  

Unsupported length ratio 
( lc / b ) 

 
e/t 

 
Column no. 

 
Group name  

S.F. F.F. G. F. 

1.56x10-4 9.44 9.44 15.0 0.375 AC1  

1.56x10-4 9.44 9.44 15.0 0.25 AC2  

1.56x10-4 9.44 9.44 15.0 0.125 AC3  

1.56x10-4 9.44 9.44 15.0 0.0 AC4 A 

1.56x10-4 9.44 9.44 15.0 -0.125 AC5  

1.56x10-4 9.44 9.44 15.0 -0.25 AC6  

1.56x10-4 9.44 9.44 15.0 -0.375 AC7  

1.56x10-4 18.88 18.88 30.0 0.375 BC1  

1.56x10-4 18.88 18.88 30.0 0.25 BC2 B 

1.56x10-4 18.88 18.88 30.0 0.125 BC3  

1.56x10-4 18.88 18.88 30.0 0.0 BC4  

1.56x10-4 14.17 14.17 22.5 0.375 CC1  

1.56x10-4 14.17 14.17 22.5 0.25 CC2 C 

1.56x10-4 14.17 14.17 22.5 0.125 CC3  

1.56x10-4 14.17 14.17 22.5 0.0 CC4  

0.78x10-4 9.44 9.44 15.0 0.375 DC1  

0.78x10-4 9.44 9.44 15.0 0.25 DC2 D 

0.78x10-4 9.44 9.44 15.0 0.125 DC3  

0.78x10-4 9.44 9.44 15.0 0.0 DC4  

1.04x10-4 9.44 9.44 15.0 0.375 EC1  

1.04x10-4 9.44 9.44 15.0 0.25 EC2 E 

1.04x10-4 9.44 9.44 15.0 0.125 EC3  

1.04x10-4 9.44 9.44 15.0 0.0 EC4  

0.78x10-4 18.88 18.88 30.0 0.375 FC1  

0.78x10-4 18.88 18.88 30.0 0.25 FC2 F 

0.78x10-4 18.88 18.88 30.0 0.125 FC3  

0.78x10-4 18.88 18.88 30.0 0.0 FC4  

Where: 
           -   lc  :  column unsupported length.                                                -  G. F. : Ground floor. 

           -   b   :  Short side of the column’s cross-section.                            -  F. F. :  First floor. 
           -   I

b
  : Moment of inertia of the lateral bracing beam.                    -  S. F. :  Second floor. 

           -   l
b

 : Length of the lateral bracing beam.                                  

           -  e/t : { lateral eccentricity / long side of column’s cross-section }   ratio.  
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3.3.2 Cracking and failure loads The cracking and failure loads, and the percentage of 
cracking load to failure load for all analyzed columns 
are shown in table (6) 

 
Table (6)  Cracking and failure loads of the analyzed columns 

Cracking load % 
Failure load 

Failure load 
(ton) 

Cracking load 
(ton) 

Column no. Group name 

38.73 75.4 29.2 AC1  

38.4 94.3 36.2 AC2  

39.5 102.1 40.3 AC3 A 
39.6 111.5 44.6 AC4  

39.2 107.6 42.2 AC5  

38.9 104.2 40.5 AC6  

36.9 101.4 37.4 AC7  

43.7 58.1 25.4 BC1  

42.7 62.8 26.8 BC2 B 
39.5 70.7 27.9 BC3  

38.5 74.3 28.6 BC4  

40.0 67.5 27.0 CC1  

41.2 72.5 29.9 CC2 C 
40.5 80.0 32.4 CC3  

40.1 85.0 34.1 CC4  

37.9 70.1 26.6 DC1  

39.6 78.2 31.0 DC2 D 
39.7 86.3 34.3 DC3  

39.5 93.4 36.9 DC4  

39.7 71.3 28.3 EC1  
39.1 84.3 33.0 EC2 E 
39.5 91.7 36.2 EC3  

39.4 102.8 40.5 EC4  

40.0 46.0 18.4 FC1  

43.9 52.4 23.0 FC2 F 
42.4 60.1 25.5 FC3  

40.6 66.2 26.9 FC4  

 
4. Calculating the load carrying capacity of columns 
using code equation with suggested modified 
factors. 

A relation between the load carrying capacity and 
the lateral eccentricity / length ratio "e/t”, Moment of 
inertia of the lateral bracing beam / Length of the 
lateral bracing beam “I

b
 / l

b
” and Unsupported  length 

of column / Short side of the column’s cross- section 

“lc / b” can be obtained by curve fitting using linear, 

exponential and power equations for columns with 
lateral bracing in the inner and outer half of the long 
dimension as shown in figures a , b and c. Apparently, 
the best fitting was achieved when the regression 

analysis factor  (R2) was maximum. 
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Assuming that columns considered in the present  
study  is part of a braced structure ; the ultimate load 

carrying  capacity of the column (AC4) {short braced 
column with lateral supports in the short dimension and 
in  the middle of the column’s longer dimension }can 
be calculated by the following equation: 

 
P

u
 = f

cu
 * A

c 
 +  f

y
 * A

sc 
 ……….(1) 

 = 350.0 * 36.0 * 9.0 + 2400 * 4.15 
= 123.36  ton 
 
The design load of the same column can be obtained 

through the Egyptian code equation ECP 203
(2)

: 
   
P

u
 = 0.35 * f

cu
 * A

c 
 +  0.67 * f

y
 * A

sc 
 ……….(2) 

  = 0.35 * 350.0 * 36.0 * 9.0 + 0.67 * 2400 * 4.15 
= 46.36  ton 

 
It can be noticed that the difference between the 

design load of equation (2) and the ultimate load 
carrying capacity of equation  (1) reflects the implied 
safe factor of the code design equation. The effect of 
the unsupported length ratio, the rigidity factor of the 
lateral bracing and the lateral eccentricity / length ratio  
can now be introduced to the code equation in order to 
preserve the same factor implied by the code. This is 
done through introducing the  K

1
,  K

2  
and  K

3 
 factors 

to the code equation to obtain the design load of the 
tied columns in the form:  
 
P

u
 = K

1
 * K

2
 * K

3
 ( 0.35 f

cu
 A

c
 + 0.67 f

y
 A

sc
 ) ...(4) 

 
Where: 

P
u

  =  Design load of tied columns, (ton). 

fcu = Characteristic strength of concrete. 

A
c
  =  Area of column’s cross section. 

f
y

  =  Yield strength of steel. 

A
sc

  =  Area of longitudinal reinforcement.  

K
1

 = 0.9969 ( Z
1

 ) 
– 0.5214

   

Z
1

 = Unsupported length ratio ( lc / b ) of each group / 

unsupported  length ratio ( lc / b ) of  group (A). 

lc 

/ 
b 

1
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K
2

 = 0.9997 ( Z
2

 ) 
 0.2191

   

Z
2 

= Rigidity factor of the lateral bracing (I
b

 / l
b
 ) of 

each group / rigidity factor of the lateral bracing (I
b

 / l
b

 

) of group (A). 
I
b

 / 

l
b
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Z
2

 0.5 0.6 0.7 0.8 0.9 1 

 
K

3
 =  A  factor reflecting the effect of eccentricity of  

the lateral support 
from mid-distance of the long dimension of column’s 
cross section, and given by                                                                                                  
the following equations: 

K
3

 = - 0.8239 X + 1.0006       for +ve "e/t”       (X= 

"e/t”) in the range of (0.0 – 0.375)   
K

3
 =  e 0.2542  X                for -ve "e/t”        (X= "e/t”) in 

the range of (-0.375 – 0.0) 
 
5. Conclusion 
1- The presence of lateral supports in the shorter 
dimension and at the inner half of the longer dimension 
increased both the cracking and ultimate loads 
2- Average measured values of deflection at the mid-
height of ground, first and second floors levels in the 
case of the presence of lateral supports at the inner half 
of the longer dimension were smaller than that of the 
case of their presence in the column’s shorter 
dimension only.  
3- From the results of the parametric study, the 
following conclusions could be obtained: 

a) Increasing the unsupported length ratio ( lc / b ) 

of columns decreased both cracking and failure 
load. 
b) Decreasing the rigidity factor of the lateral 
bracing (I

b
 / l

b
 ) decreased both cracking and 

failure load. 

4- A proposed equation for calculating the design load 
of the laterally braced tied columns which takes into 
consideration the effect of changing the unsupported 
length ratio, the rigidity factor of the lateral bracing  
and the lateral eccentricity / length ratio  "e/t"  was 
presented as follows: 

 
P

u
 = K

1
 * K

2
 * K

3
 ( 0.35 f

cu
 A

c
 + 0.67 f

y
 A

sc
 ) 

Where: 
K1    unsupported length factor. 
K2    lateral bracing rigidity factor. 
K3    lateral support eccentricity factor.  
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