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Abstract. Irregular-shaped columns, such as T-shaped, cross-shaped, L-shaped columns, can 

increase the efficiency of inner space of constructions. However, many previous studies on normal 

concrete irregular-shaped columns demonstrate their poor ductility, even with large amount of 

reinforcement. To overcome these shortcomings, this paper presents a novel irregular-shaped column 

with enhanced performance. It consists of high-performance fiber reinforced concrete and 

high-strength stirrups. To confirm the behavior of this novel irregular-shaped column, four T-shaped 

columns were prepared and tested under axial compression. The parameters studied include the 

strength of high-performance concrete, and the volume content of steel fiber. The test results show 

that the combination of high-strength stirrups and steel fiber reinforced concrete can improve both the 

axial bearing capacity and ductility of the columns.  

Introduction 

Irregular-shaped columns, such as T-shaped columns, cross-shaped columns, and L-shaped columns, 

can increase the efficiency of inner space of constructions. Many previous studies, however, 

generally prove that the performance of irregular-shaped columns are poor in loading carrying 

capacity and especially ductility, due to limited confinement effect of stirrups. 

Many scholars investigated the mechanical properties and the design method of special-shaped 

columns worldwide, such as [1-5]. Most of the previous studies focus on the axial loading bearing 

capacity of irregular-shaped columns. In China, the studies on irregular-shaped columns began after 

1970s, including studies on the axial loading capacity, shear capacity as well as seismic performance 

[6-8]. Among them, Fang [6] established equivalent uniaxial constitutive relationship for core 

concrete of T-shaped RC short columns. The inclusion of steel fibers in concrete can greatly increase 

the tensile strength, deformation capacity and crack-resistance of concrete [7]. With the technology 

improvement in steel manufacture, high strength steel with yielding strength larger than 1400 MPa is 

already available and has been investigated by many researchers [8-10]. In this study, high strength 

stirrups and high performance steel fiber reinforced concrete was proposed to be used to produce 

irregular-shaped concrete columns with higher performance. Both the steel fiber and high strength 

stirrups are anticipated to increase the performance of irregular-shaped columns.  

To verify the performance of irregular-shaped columns with high strength stirrups and high 

performance steel fiber reinforced concrete, four T-shaped columns were prepared and tested under 

axial compression. The strain response and load capacity of the columns were measured and analyzed 

with care. 

Experimental Program 

In this study, four columns were constructed with steel fiber reinforced concrete with different fiber 

content. The details of the four T-shaped columns are shown in Table 1 and Fig. 1. The column height 

was 1200mm. The dimensions of flange were 300 mm × 100 mm, and the dimensions of web were 

200 mm × 100 mm. At the two ends of the columns, square cross-section with edge length of 300 mm 

was adopted to avoid end failure.  
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Fig. 1 Configuration of T-shaped columns with high-strength stirrups and steel fiber reinforced 

concrete 

 

Table 1. Column design details  

Column 

ID 

Longitudinal 

bars 

Transverse 

stirrups 

Tie 

spacing  

[mm] 

Fiber 

content Vf 

[%] 

Concrete 

compressive 

strength (MPa) 

100-1 12 mm 7 mm 100 0 31.0 

100-2 12 mm 7 mm 100 2 44.9 

100-3 12 mm 7 mm 100 1 59.6 

100-4 12 mm 7 mm 100 2 66.3 

In all columns, there were 12 longitudinal bars with nominal diameter of 12 mm. Normal strength 

steel bars were used to produce the longitudinal bars. High strength steel bars with normal diameter of 

7 mm were used to produce the stirrups. The mechanical properties of the longitudinal bars and 

stirrups were shown in Table 2.  

Table 2. Mechanical properties of steel reinforcement 

Bar size 
Yield strength fy  

[MPa] 

Ultimate strength fu 

[MPa] 

Elastic modulus Es 

[GPa] 

12 mm 445 607 204 

7 mm 1044 1228 218 

Steel fiber reinforced concrete were used to cast the columns. The mix proportions used to cast the 

specimens were listed in Table 3. The diameter and length of the straight steel fibers were 0.2 mm and 

13 mm respectively, resulting in a fiber aspect ratio of 65. The tensile strength of the fibers is 2850 

MPa as provided by the manufacturer. The concrete compressive strength obtained from standard 

cylinders were shown in the last column of Table 1.  

All columns were tested on a loading machine with load capacity of 10000 kN. During the test, the 

load was first applied at a rate of 4 kN/s until 80% of estimated load carrying capacity (estimated as 

Pnom=0.85fcAc+fyAs according to ACI 318 [11]); displacement control loading scheme was then 

adopted with a loading rate of 0.5mm/min. Two LVDTs were installed on two opposite surfaces of 

the column to measure the deformation of the columns in the 800-mm middle range. A photo of the 

test set-up is shown in Fig. 2. 
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Table 3. Concrete mix proportions 

Column 

ID 

Cement 

(kg/m3) 

Silica 

fume 

(kg/m3) 

Fly ash 

(kg/m3) 

Sand 

(kg/m3) 

Water 

(kg/m3) 

Superplasticizer 

(kg/m3) 

Steel 

fiber 

(kg/m3) 

100-1 393.6 59.1 118.1 1263.5 256.9 11.42 0 

100-2 393.6 59.1 118.1 1263.5 256.9 11.42 156 

100-3 546.0 81.9 109.2 1134.3 269.6 14.74 78 

100-4 546.0 81.9 109.2 1134.3 269.6 14.74 156 
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Fig. 2 Test set-up Fig. 3 Load versus axial strain curves 

Results and Discussion 

All columns were tested until substantial failure. The load versus axial strain curves of the four 

columns are shown in Fig. 3. In the figure, the longitudinal axis is the total load recorded by the 

loading machine and the lateral axis is the axial strain of the middle part of the column derived from 

the average readings of two LVDTs. Some key test results are summarized in Table 4, including the 

load capacity Pmax, nominal load capacity Pnom calculated by ACI 318 [11], axial strain at peak load 

εco, and axial strain εc85 when the load has reduced to 85% of peak load. 

Table 4. Key test results 

Column ID Pmax (kN) Pnom (kN) εco εc85 

100-1 2836 1885 0.0024 0.0024 

100-2 3010 2460 0.0026 0.0043 

100-3 3587 3068 0.0036 0.0039 

100-4 3735 3345 0.0027 0.0043 

The photos of the columns after test are shown in Fig. 4. For specimens 100-1 and 100-2, a 

diagonal failure plane was observed in the upper middle part of the column. For specimens 100-3 and 

100-4, failure also occurred in the upper middle part of the columns. However, the angle of failure 

surface with horizontal direction is almost zero. During the test, minor cracking of concrete was 

observed when the load first reached about 95% of peak load for all specimens. The cracks in 

specimen 100-1 developed rapidly immediately after peak load was reached, resulting in substantial 

spalling of concrete cover. The load capacity was suddenly reduced by about 45%, indicating poor 

ductility in the specimen with normal concrete. For specimens 100-2 to 100-4, the cracks increase 
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gradually with the decreasing of load capacity. The slope of the descending branch of load 

deformation curve is much smaller than specimen 100-1, due to the inclusion of steel fibers in the 

concrete.  

Specimens 100-1 and 100-2 were cast by similar concrete. The only difference is that steel fibers 

were used in specimen 100-2, while not used in specimen 100-1. It can be seen from Fig. 3 and Table 

4, both the load capacity and ductility of T-shaped columns were enhanced due to the inclusion of 

steel fibers. The load capacity was slightly increased by about 6%, while the ductility was greatly 

increased as shown in Fig. 3.  

Specimens 100-3 and 100-4 were cast by concrete with similar mix proportion but different fiber 

volumetric ratio, which were 1% and 2% respectively. From Fig. 3 and Table 4, it can be seen that 

there is little difference between the load deformation curves of the two specimens. When the 

volumetric ratio of steel fiber was increased from 1% to 2%, the peak load was increased by about 4% 

while the ductility are almost the same. As a result, 1% steel fiber is deemed appropriate for this case. 

 

    
(a) 100-1 (b) 100-2 (c) 100-3 (d) 100-4 

Fig. 4 Columns after tests 

Summary 

In this study, a novel kind of irregular-shaped columns with steel fiber reinforced concrete and high 

strength stirrups was first proposed. Four T-shaped columns were prepared and tested to verify their 

performance. Based on the present study, both the strength and ductility of T-shaped columns were 

enhanced due to the usage of steel fiber reinforced concrete.  
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