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Analytical Study on the Shear Strength of Various 
Concrete Column Members 

ABSTRACT

The shear failure of RC members is an important factor in designing 

safe structures, and thus, the determination of the shear strength or 

failure mode is important. However, shear failure mode is a complicated 

phenomenon, and is thus not entirely understood. In Japan, the 

Hanshin–Awaji earthquake of 1995, West of Fukuoka earthquake of 2005, 

East Japan great earthquake of 2011, and the Kumamoto earthquake of 2016 

resulted in severe damages. Shear failure of the columns and piles of 

RC structures occurred during these earthquakes. 

    In contrast to RC columns, concrete-filled steel tubular (CFT) columns 

often undergo flexural failure. However, the rectangular CFT short column, 

which had a shear span ratio of less than 1.0, underwent shear failure 

during the experiment. Thus, the analytical calculation of the shear 

strength of RC and CFT columns is an important research topic. 

In this study, the shear strength of circular RC columns is obtained 

using an analytical models  based on a modified compression field theory 

that enables the sectional analysis of the beams. 

  This paper consists of six chapters as follows: 

    Chapter 1 describes the background and summarizes the purpose of this 

study.

Chapter 2 describes an analytical model based on a modified compression 
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field theory (MCFT). Moreover, the confined concrete stress–strain 

relations proposed by Sakino are described. 

Chapter 3, describes how the shear strength of circular RC columns 

was obtained using an analytical model based on an MCFT that enables the 

sectional analysis of the beams. By comparing the analytical results with 

previous experimental results, we were able to assess the suitability 

of this analytical model for estimating the shear strength of circular 

RC columns. 

In addition, the applicability of design equations for the shear strength 

of circular RC columns was examined through existing experimental results.  

Next, the validity range of the shear strengths was evaluated by 

substituting rectangular for circular column sections. The relationship 

between the shear strength of the circular RC columns and the shear span 

ratio (M/QD) is also discussed. Additionally, we examined the calculation 

of the shear strength in the analytical model by using equations to 

estimate the concrete strength of confined concrete. 

    Chapter 4, describes how the shear strength of RC columns with wing 

walls was obtained by using an analytical model of the MCFT that was 

extended to be applicable to the cross-section analysis of beams.  By 

comparing the analytical results with the existing experimental results, 

the applicability of this analytical model to the analysis of the shear 

strength of RC columns with wing walls was examined. Next, the 

applicability of the design equations for the shear strength of RC columns 

with wing walls shear strength was examined through the existing 

experimental results. In addition, the shear strength was investigated 

by analyses using the wing walls shape and the shear span ratio (M/QD) 
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as parameters. 

Chapter 5, describes how the shear strength of circular and rectangular 

CFT short columns was obtained by using an analytical model of the MCFT 

that was extended to be applicable to the cross-section analysis of beams.  

By comparing the analytical results with the existing experimental 

results, the applicability of this analytical model to the analysis of 

the shear strength of CFT short columns was examined.  Next, the shear 

span ratio (M/QD) and the axial force ratio (N/No), which are the factors 

influencing the shear strength, were investigated by analyses using M/QD 

and N/No as parameters.  In addition, the possibility of applying a method 

of replacement of cross-section, in which shear strength was evaluated 

by substituting a CFT column of a rectangular section for that of a circular

section, is discussed. 

Chapter 6 summarizes the results main findings of this study as the 

conclusions.
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