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Experimental study on deformation limits of RC beams

CUI Jidong', HAN Xiaolei"*, JI Jing', GONG Huanjun'

(1.School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510641, China;
2.State Key Laboratory of Subtropical Building Science ( South China University of Technology), Guangzhou 510641, China)

Abstract: To establish deformation limits of reinforced concrete( RC) beams, study on the method for classification
of RC beams, definition of performance states and determining the deformation limit of specific performance state was
conducted. As for the classification of RC beams, parameters affecting the failure modes of RC beams were
investigated using collected test data for 103 RC beams tested under low frequency cyclic loading. A method was
proposed to classify the failure modes into flexure-controlled and shear-controlled based on shear span ratio and
moment shear ratio of beams. As for the performance states of RC beams and their deformation limits, the performance
states of RC beams were divided into seven levels with reference to the current Chinese codes for seismic design, and
the method for determining the deformation limits of these levels was put forward, which is based on three key
performance points ( point of yielding, point of losing 20% load capacity, point of losing bearing capacity ) of the
force-drift ratio backbone curves. With the test data of 103 RC beams, regression analysis of deformation limits was
performed on multiple sets of parameters, key parameters and formula of deformation limits of the three key
performance points were found for the flexure-controlled and shear-controlled RC beams. Deformation limits of flexure-
controlled and shear-controlled RC beams were then put forward. To further verify the proposed deformation limits,
quasi-static test of 9 RC beams was conducted, test deformation limits of three key performance points were obtained
and compared to the proposed performance limits. The results show that the accuracy, discreteness and failure
probability of the proposed RC beam deformation limits are all within reasonable range.
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Tab.1 Main experimental data of RC beams
¥t it f.1/MPa A o/ % A, m V/(f\bho)

3 [10] 22.53~29.36 3.09 0.34~0.87 0.06~0.14 0.41~0.99 0.065~0.095
8 [11] 24.46~29.60 2.75~4.45 0.31~0.62 0.06~0.12 0.20~0.60 0.025~0.085
2 [12] 33.86~35.81 3.28 0.28~0.51 0.05~0.09 0.24~0.34 0.023~0.025
7 [13] 24.96~25.51 2.52~3.53 0.64~1.61 0.08~0.21 0.58~1.43 0.110~0.186
10 [14] 15.18 2.08 0.20 0.04 1.34~2.67 0.091

8 [15] 19.69~29.04 2.00 0.14~0.15 0.02~0.04 1.15~2.39 0.069 ~0.088
1 [16] 35.03 1.76 0.61 0.13 0.35 0.047

4 [17] 32.09~50.44 3.21 0.61~0.69 0.07~0.13 0.58~0.72 0.053~0.084
9 [18] 14.33~15.69 3.85 0.50 0.11~0.12 0.06~1.03 0.008 ~0.144
6 [19] 49.90 1.67~2.22 0.7~1.4 0.09~0.17 0.49~0.65 0.051~0.112
2 [20] 15.65~23.02 5.19 0.47 0.05~0.08 0.59~0.74 0.049~0.08
8 [21] 45.64~46.69 3.00 0.43~0.52 0.04~0.06 0.24~0.48 0.019~0.035
2 [22] 28.50 2.64~3.85 0.31 0.04 0.18~0.25 0.013~0.019
8 [23] 19.93~31.81 0.52~1.97 0.39~1.23 0.05~0.24 0.70~1.24 0.087~0.172
2 [24] 27.79~27.91 0.52~0.90 1.03 0.13~0.14 0.65~0.68 0.112~0.116
2 [25] 21.07~22.2 0.37~0.52 1.15~1.51 0.21~0.29 0.47~0.81 0.156~0.207
11 [26] 24.02 2.78~3.85 0.22~0.90 0.03~0.20 0.18~0.84 0.026~0.097
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Tab.2 Failure mode classification of RC beams
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Fig.1 Failure modes influenced by shear span ratio and moment

shear ratio ( F: flexure failure; FS. flexure-shear
failure; S: shear failure)
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Tab.3 Failure mode classification results of RC beams
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Fig.2 Performance states and drift ratio limits of RC beams
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Tab.4  Failure phenomena and drift ratio limits of performance

states of RC beams
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Tab.5 Failure probability of regression formula of key performance states
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Tab.6 Drift ratio limits of flexure—controlled RC beams
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<0.20 =0.20 =0.10 0.004 0.005 0.010 0.015 0.020 0.025
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=0.80 <0.02 =0.10 0.005 0.002 0.004 0.006 0.008 0.010
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Tab.7  Drift ratio limits of shear-controlled RC beams
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Tab.9 Evaluation results of drift ratio limits of key performance points
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Fig.4 Ratio of calculated value to test value of RC beams drift
ratio limits at key performance points
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Tab.10  Statistical parameters of ratio of calculated drift ratio

limits to test drift ratio limits
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