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(start title from the 6th line from top)  
SEISMIC SHEAR STRENGTH OF HIGH-STRENGTH  

COMPOSITE STEEL AND CONCRETE STRUCTURAL ELEMENTS 
(blank line)  
(blank line)  

Y. XIAO1; T. T. YAPRAK 2 

(blank line)  
1. Professor, University of Southern California; University of Southern California, Los Angeles, CA 

90089-2531, USA; Professor, Hunan University, Changsha, China 
2. Graduate assistant, University of Southern California; University of Southern California, Los Angeles, 

CA 90089-2531, USA. 
(blank line)  
(blank line)  
Abstract: The objective of this research project is to gain additional knowledge on behavior of 
steel-reinforced-concrete (SRC) structural elements. There is currently a lack of understanding 
of seismic shear behavior to support the rational design for composite or hybrid structures.  
Specifically, the following issues related to seismic shear design are addressed: i. shear resisting 
mechanisms in SRC elements; ii. shear strength decay upon the increase of displacement 
ductility as considered in design; and iii. shear strength of SRC elements of high-strength or 
high performance materials. The research program focused on experimental and analytical 
investigations of the cyclic shear behavior of high-strength composite steel and concrete (HS-
SRC) structural elements. Different shear  resisting mechanisms and the influence on ductility 
were investigated. A model that can predict the shear strength of SRC columns was suggested 
and calibrated using the test results.  
(blank line)  
(blank line)  

INTRODUCTION 
Problem Areas 
There is only limited information of research on seismic shear behavior of SRC elements can be 
found in references (Wakabayashi et.al. 1972; Zhao et.al. 1991; Shohara et.al. 1991). Research 
is needed to address many outstanding issues. The first is related to the design equation for shear 
strength. The PI's previous research on reinforced concrete (RC) columns has found that the 
shear strength can be considered based on the following three components equation (Priestley 
and Xiao, 1994; Xiao and Martirossyan 1996): 
(blank line)  

V V V Vu c t a= + +          (1) 
(blank line)  
Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph 
Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph 
Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph 
Paragraph Paragraph Paragraph. 
(blank line)  
Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph Paragraph 
Paragraph Paragraph Paragraph Paragraph Paragraph. 
 



 

Fig.3(b) shows the condition of N-SRC-0.3 after the excursion of the loading cycle 
corresponding to a peak push drift ratio of 8.0%, where the column was still able to carry the 
applied axial load and more than 60% of the maximum lateral force. Compared to the normal-
strength column, the high-strength RC model column H-RC-0.3 developed more stable response 
reaching an ultimate drift ratio of 6.0%. The lower end of the column was suddenly penetrated 
by a shear crack along with hoop rupture, rebar buckling and concrete crushing, as shown in 
Fig.3(c), during the push loading to approach the third peak at drift 6.0%. The high-strength 
SRC model column, H-SRC-0.3, exhibited very stable behavior until a drift ratio of 8.0%, where 
the test was terminated. As shown in Fig.3(d), despite spalling of cover concrete throughout the 
entire length at drift ratio 8.0%, the column was able to carry the full applied axial load and the 
loss in lateral load carrying capacity was insignificant. It was noticed that steeply inclined cracks 
were developed over the entire length of the two SRC specimens. At large deformation, the 
faces of the SRC specimens parallel to the loading direction bulged out for about 6mm. This is 
considered as the consequence of the H-shape steel deformation that “squeezed out” the 
concrete within the flanges. 
(blank line before the figure)  

                   
(a) (b) (c) (d) 

Fig.3. Condition of Specimens after Testing 
(blank line after the figure)  
(blank line before the paragraph)  
Hysteretic Response 
Fig.4 and Fig.5 show shear force – drift ratio hysteretic relationships for the RC and SRC model 
columns with normal-strength and high-strength concrete, respectively. The envelops of the 
hysteresis loops of the RC and SRC specimens are compared in Fig.6 (a) and (b) for normal and 
high strength concrete, respectively.  
(blank line)  
As shown in Fig.4(a), the hysteresis loops of the normal-strength RC model column, N-RC-0.3, 
are relatively stable until the first cycle corresponding to a peak drift ratio of 4.0%. The column 
developed the maximum load carrying capacities at peaks of drift ratio 1.5% in both push and 
pull directions. Crushing of cover concrete at the column ends was also noticed at this stage. 
The load carrying capacity of the column became unreliable after suffering a sudden shear 
failure during loading to approach the second peak at drift ratio 4.0% in the push direction. As 
shown in Fig.4(b) and Fig.6(a), the SRC model column, N-SRC-0.3, developed much larger 
load carrying capacities compared to its counterpart RC column, N-RC-0.3. The hysteresis loops 
are relatively stable a drift ratio of 3.0%. Gradual degradation in the peak forces can be seen for 
the subsequent cycles of loading corresponding to larger drift ratio. The SRC column did not 
lose any axial load carrying capacity nor suffer any drastic physical damage such as rupture of 
loops even at a drift ratio as large as 8.0%. However, the hysteretic response hinted that more 



 

transverse confinement is needed in order to maintain the shear force carrying capacity of the 
column at large deformation.  
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(a) N-RC-0.3        (b) N-SRC-0.3 

Fig.4. Response of Normal-Strength Model Columns 
(blank line)  
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(a) H-RC-0.3      (b) H-SRC-0.3 

Fig.5. Response of High-Strength Model Columns 
(blank line)  
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(a) Normal-Strength Concrete                            (b) High-Strength Concrete 

Fig.6. Effects of Encased Steel Shape in RC columns 
(blank line after figure)  
(blank line before paragraph)  



 

Satisfactory response up to the second cycle at a peak drift ratio of 6.0% for high-strength RC 
model column, H-RC-0.3, is shown in Fig.5(a). The column developed its maximum load 
carrying capacity at drift ratio 1.5%, similar level of deformation as the normal-strength model 
column. Comparing Fig.4(a) and Fig.5(a), it is clear that the high-strength RC model column 
exhibited stable and improved behavior than its counterpart normal-strength column. A sudden 
shear failure during the loading to achieve the third peak at drift ratio 6.0% caused the 
deterioration of the hysteresis loop and the loss of load carrying capacity of model column H-
RC-0.3, as shown in Fig.5(a). High-strength SRC model column, H-SRC-0.3, developed the 
most impressive hysteretic response, as shown in Fig.5(b). The column achieve its maximum 
load carrying capacity at peaks corresponding to drift ratio 3.0% in both push and pull direction. 
The stable hysteresis loops shown in Fig.5(b) indicate little degradation of load carrying 
capacity until drift ratio 6.0%. Although peak shear forces at 8.0% are apparently, the 
degradation is less than 20% from the maximum shear forces developed by the column. The 
increased load carrying capacity and improved deformability of the high-strength SRC model 
column compared with its counterpart RC column are also clearly demonstrated in Fig.6(b). 
(blank line)  
(blank line)  

CONCLUSIONS 
(blank line)  
Test results of six relatively large-scale model columns subjected to cyclic shear in double-
bending condition and constant axial load indicated that improved seismic behavior can be 
achieved with the use of encased steel in reinforced concrete columns. The performance 
becomes even more promising when high-strength concrete is used. The research study is still 
ongoing with the ultimate goal of establishing design guidelines for steel reinforced concrete 
columns.  
(blank line)  
(blank line)  
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