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Abstract. In efforts to study the shear ductility of regional confined concrete beam, 5 reinforced concrete beams were 
tested to examine its shear performance These beams has the same shear span ratio, concrete strength, different 
ratios of tension reinforcement and shapes of stirrup. The purpose of the test is studying the effects of stirrup shape 
and tension reinforcement ratio on failure mode and shear ductility. The test shows that the regional confined part can 
be used as an independent part and the rest of the beam is good to work together so that the ductility of the beam is 
more one time higher than that of the normal confined concrete beam. The related laws of the effect of tension 
reinforcement ratio and stirrup shapes on beam’s shear ductility were founded  

1. Introduction 

Reginal Confined Concrete (RCC) is a kind of confined 
concrete conception and was put forward by Cao xinming 
(2013). RCC has been developed into relative mature 
theory. It has been employed into many engineering 
practice and brought about great economical merits. 

A measure of the ductility of a structure is the 
displacement ductility coefficient. It defined as the lateral 
deflection at the end of the post-elastic range divided by 
the lateral deflection when yield is first reached (park 
1975). Ahmad Sh (1994) has defined the shear ductility 
coefficient by imitating the analysis method of normal 
section ductility .Yi Weijian (2009) has done the research 
on regularity of shear ductility of normal confined 
concrete NCC beam. In his work, the experimental 
data shows that the shear ductility of NCC beams reduces 
along with the increase of tension reinforcement ratio. 

NCC beam’s bearing capacity is often improved by 
increasing the tension reinforcement ratio while its 
section size and concrete strength cannot be increased. 
Unfortunately, the high ratio of tension reinforcement 
leads to the low ductility of NCC beam. The concrete of 
NCC beam in compression zone is broken before the 
tension reinforcement reaching its yield. This failure 
mode of beam is forbidden appearing in engineering. 

However, as is shown in Fig.1, the reinforcement is 
putted in compression zone of RCC beams and the ratio 
of tension reinforcement is increased. In this way, the 
reinforcement concrete beam’s bearing capacity is 
improved. But there no data to show whether the shear 
ductility of RCC beams decreases along with the growth 
of longitudinal reinforcement ratio. In effort to study the 
shear ductility of RCC beam the monotonic static load 
test of 4 RCC beams and 1 NCC beam was carried out. 

2. Experimental Instruction 

2.1 Specimens 

Experimental beams’ cross section size is 
150mm×300mm and are 1500mm long. Concrete 
strength is 40MPa in the test for concentric compression. 
The yielding stresses and ultimate stresses of longitudinal 
reinforcement, which’s diameter is 10mm, are 530MPa 
and 660 MPa respectively. The yielding stresses and 
ultimate stresses of longitudinal reinforcement, which’s 
diameter is 22mm, are 465MPa and 632MPa 
respectively. The yielding stresses and ultimate stresses 
of longitudinal reinforcement, which’s diameter is 25mm, 
are 442MPaand 597 respectively. And the yielding 
stresses and ultimate stresses of stirrup, which’s diameter 
is 8mm, are 490MPa and 614 respectively. Details of 
specimen are listed in the table 1 and figure 1. 

2.2 Test procedure 

The test was taken at structural laboratory of Fourth 
Engineering Company of China. Beams were loaded on 
Counter force test bench using 1000KN oil jack. The 
loading equipment is shown in figure 2. And the loading 
procedure is shown in figure 3.  

2.3 Arrangement of measuring points 

In effort to study the working performance of beams, 
experimental beams’ deflection are measured by 5 
displacement sensors. They are putted on two beam 
bearings, loading points and the middle of beam. Strain 
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measuring points is arranged in the region where the 
inclined crack is predicted to expand. Mutual vertical 
strain gauges on the surface of beams is used to measure 
the concrete strain. Experimental beam displacement and 
strain measuring points are shown in figure 4. 

Table 1. Specimen parameter 

 
Specime

n 

 
Concr

ete 
streng

th 

Ratio of 
tension 

reinforceme
nt 
s/% 

Ratio of 
stirrups 

v/% 

 
Shear 
span 
ratio 

NCC-1 
 

54.4
2 

5.39 0.021 1.23 

RCC-
1a 
 

55.4
2 

5.39 0.021 1.23 

RCC-
2a 
 

56.4
2 

4.78 0.021 1.23 

RCC-
1b 

 
RCC-

2b 

57.4
2 
 

58.4
2 

5.39 
 
 

4.78 

0.021 
 
 

0.021 

1.23 
 

1.23 

 

Figure 1. Dimension of specimen and configuration of 
reinforcement 

 
Figure 2. Test setup 

Figure 3. Loading history 

 
Figure 4. Arrangement of Strain gauges and displacement 
sensors 

3. Experimental phenomena and 
analysis of load-deflection curve 

The load-deflection curve of RCC-1a and RCC-1b beams 
can also be divided into three stages: elastic stage, 
elastoplastic stage and failure stage. But the load-
deflection curve of RCC beams was different from NCC 
beam. In the elastic plastic stage, there were three 
different slope of the curve. The three different slopes of 
the curve can be seen in the load-deflection of RCC-1b, 
and RCC-2b beam (Fig.6). The failure stage of NCC 
beams showed good ductility, as shown in Fig.6.  

 

Figure 5. Failure modes for beams 
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Figure 6. Load-deflection of beams with different stirrup 
shapes 

 
Figure 7. Equivalent method of equivalent shear 
ductilitycoefficient 

4. Analysis of Shearing Ductility 
Coefficient 

T According to the analysis method of the ductility of 
flexural test beam (Feng 2005), the ductility of shearing 
test is calculated. Based on the energy equivalent 
principle, the load-deflection curve is simplified into two 
linear load-deflection curve. The simplified load-
deflection curve has been showed in figure 7. In equation 
form(weijian 2009), it is  
μ=∆m/∆y                                                (1)       E = 
(P2 

y /2K1) + 1/2(Py + Pm)(∆m- Py/K1) (2) 
Py=K1∆y                                                  (3) 
Pm=K1 (∆m-∆y)                                       (4) 
K2=0.05K1, Py=0.75Pu 
E—the area of the load deflection and the 
 transverse coordinate  
∆y—Simplified yield displacement 
∆m—Simplified limit displacement  
Py—Simplified yield load 
Pm—Simplified ultimate load 

Pu—Ultimate load 
K1—Simplified initial stiffness 
K2—Simplified degenerated stiffness 

By the Eqns 1, 2 3 and 4, the shear ductility 
coefficient (μ) can be obtained. Shearing ductility 
coefficient (μ) should be standardized to μ, which’s load-
deflection curve has significant level line and be listed in 
Table 2. 

Table 2. Equivalent shear ductility coefficient of specimen 

 
Specim

en 

Ratio 
of 

tension 
reinfor
cement 
ρs/% 

Equivalent 
ductility 

coefficient 
μ 

Calibrat
ion 

ductilit
y 

coeffici
ent 
μ′ 

RCC-
1a 

5.4 4.75 2.63 

RCC-
2a 

4.8 7.05 3.27 

RCC-
1b 

5.4 7.43 3.81 

RCC-
2b 

4.8 4.11 1.96 

NCC 5.4 3.66 1.83 

5. Effect of tension reinforcement ratio 
on shear ductility coefficient 

The shear ductility coefficient of the experimental beam 
changes with the variation of longitudinal reinforcement 
ratio (Table 2). It can be obtained that the shear ductility 
coefficient of RCC-a beam decreased with the increase of 
tension reinforcement ratio. The tension reinforcement 
ratio increased from 4.8% to 5.4%, the equivalent 
ductility coefficient (μ) decreased from 7.05 to 4.75. It 
Has reduced by 32.6%.The calibration ductility 
coefficient (μ′) reduced From 3.27% to 2.63% and 
reduced by 19.6% (Fig.8). The reason is that with the 
seam shape of the stirrup, the greater the tension 
reinforcement ratio, the stiffness of the RCC-a beams 
increases. That leads to the reduction of rotation capacity 
of the experimental beam. So the RCC-a beam has poor 
ductility. For the influence of the tension reinforcement 
ratio on the shear ductility, RCC-a beam has the seam 
regular with NCC beam. 

From Figure 8, the shear ductility coefficient of RCC-
b increases with the increase of the tension reinforcement 
ratio. The tension reinforcement ratio increases from 
4.8% to 5.4%, and the equivalent ductility coefficient (μ) 
increased from 4.11 to 7.43. It increased by 32.6%. 
Calibration ductility coefficient (μ′) increased from 1.96 
to 3.81. It increased by 94.4%. And the ductility 
coefficient increased by nearly one time.  

The effect of tension reinforcement ratio on shear 
ductility coefficient of RCC-b beams is Contrary to the 
phenomenon and results in the test of normal confined 
concrete beams (weijian 2009). The reason is that there is 
a regional confined area in RCC-b beam compared with 
the normal confined concrete beam. Due to the upper 
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concrete of RCC beam strengthened by stirrup and 
longitudinal reinforcement, the upper concrete of RCC 
beam belongs to the well confined concrete. The 
redistribution of internal force is caused along with the 
emergence of plastic hinge in lower concrete. And the 
regional confined part has a collaborative work with the 
tension reinforcement. In that way, the shear ductility of 
reinforced concrete beam is improved. Therefore, it 
showed the effect of tension reinforcement ratio on the 
shear ductility coefficient is different with normal 
confined concrete beam. However, the RCC-a without 
stirrups throughout the beam’s section, the tension 
reinforcement is not connected. The regional confined 
part and the lower longitudinal reinforcement cannot 
form a loaded body when the weak confined concrete 
destroyed, which leads to their collaborative work 
performance has not been fully played. Therefore, the law 
of influence of tension reinforcement ratio on shear 
ductility coefficient of RCC-b beam and RCC-a beam is 
different. 

 

Figure 8. Influence of ρs on shear ducltility coefficient of 
RCC beam 

6. Effect of stirrup shapes on shear 
ductility coefficient 

 

Figure 9. Effect of different stirrups on shear ductility 
coefficient of specimens 

The tension reinforcement ratio in normal confined 
concrete beam is limited to 2.5% in the code (2004) 
because the high tension reinforcement ratio would lead 
to the low ductility of normal confined concrete beam. 
Fortunately, the RCC beams with high tension 
reinforcement ratio has desirable ductility (Fig.9). 
Therefore, the beam’s size can be decreased to save 
building space with the application of RCC beam.  

From figure 9, it can be seen with the tension 
reinforcement ratio 5.4%, equivalent shear ductility 
coefficient μ and calibration of the shear ductility 
coefficient μ' from NCC, RCC-a to RCC-b beam 
gradually increases and the increase rate is gradually 
increased. The shear ductility coefficient of RCC-1a 
beam is 30% higher than NCC beam’s. What’s more, the 
shear ductility coefficient of RCC-1b beam is 103% 
higher than NCC beams. The beam calibration shear 
ductility coefficient (1.96) does not meet the 
requirements of seismic ductility. However, the 
equivalent shear ductility coefficient and the calibrated 
ductility coefficient of two kinds of regional confined 
beams meet the seismic demand and have a certain 
surplus. The shear ductility of RCC-a beam is relative 
poor when the tension reinforcement ratio is 4.8%. The 
range of the optimal tension reinforcement ratio of the 
RCC beam needs to be further studied. The test data 
shows that deformation and energy dissipation capacity 
of RCC beam is better than that of the NCC beam. 
What’s more, with the increase of tension reinforcement 
ratio, the deformation and energy dissipation capacity 
will be more prominent when compared with the NCC 
beam. Therefore, it can be inferred that NCC beam can be 
made certain contribution in seismic engineering. 
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7. Conclusion

As a new type of reinforced concrete beam, Regional 
Confined Concrete beam is different from normal 
confined concrete beam in the mechanical properties and 
failure mode. Because of the change of confined 
mechanism, its mechanical properties can be improved. 

(1) The shear ductility coefficient of RCC-a and 
RCC-b is higher than that of NCC beam. It proves
that the seismic performance of regional confined 
concrete beam is more excellent than that of 
normal confined concrete beam 

(2) The shear ductility coefficient of RCC-b beam 
increases along with the increase of tension 
reinforcement ratio. And it contradicts with that of 
NCC and RCC-a beam.  

(3) Because of the experimental beams is not enough, 
the experimental data is not enough to draw the 
formula of the ductility and the optimum tension 
reinforcement ratio, which will be solved in the 
following research. 

(4) With the application of RCC beam, the limit of 
tension reinforcement ratio in code can be 
broaden. And the size of reinforcement concrete 
beam may be decreased to save the costing of 
architecture safely. 

(5) Experimental data proves that the regional 
confined part improves the reinforced concrete 
beam’s brittle shear failure, the seismic 
performance and the energy dissipation capacity. 
The regional confined concrete will has broad 
application prospect in the construction of anti-
seismic structure. 
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