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Calculation of Shear Capacity of Plastic Hinge Zone of Hydraulic Reinforced Concrete Column
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Abstract: In view of the flexural-shear failure of the plastic hinge zone of hydraulic reinforced concrete (RC) columns during earthquake, the
shear capacity of the plastic hinge zone of hydraulic RC columns was studied. And, the quasi-static test data of 19 rectangular sections and 19 cir-
cular sections of RC columns failed in flexural-shear were collected from PEER-Structural Performance Database in the United States. Through
statistical analysis, the reliability of the shear capacity formula in China's water conservancy industry “Design code for hydraulic concrete struc-
tures” (SL 191—2008) and the power industry “Design specification for hydraulic concrete structures” (DL/T 5057—2009) was evaluated. Then,
because the shear capacity of the plastic hinge zone of RC columns decreases with the increase of deformation capacity after longitudinal rein-
forcement yielding, the correction coefficient with the ultimate drift ratio of column top as the parameter was introduced to modify the formula of
shear capacity, and the reliability of the modified formula was verified. The results show that the hydraulic RC columns satisfied with shear capa-
city of current hydraulic concrete structures design code in china may suffer flexural-shear failure in plastic hinge zone which should pay more at-
tention in the design. For RC columns failing in flexural-shear, the assurance rates of the shear capacity formulas for RC columns in “SL
191—2008 code” and “DL/T 5057—2009 code” are all less than 60%; compared with “SL 191—2008 code”, the deviation of the shear capacity
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formula for RC columns in “DL/T 5057—2009 code” is small, but its dispersion of the deviation is large; compared with rectangular section, the

shear capacity formulas of RC column in the two hydraulic codes have less deviation for circular section RC column. Considering the effect that

the shear capacity decreases with the increase of column top drift ratio, the modified formulas of the shear capacity have 85% assurance rate for the

RC columns failing in flexural-shear, which provide reference for the shear capacity calculation of plastic hinge zone of hydraulic RC columns.

Key words: hydraulic RC column; flexural-shear failure; shear capacity; ultimate drift ratio; design specification
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Tab.1 Basic parameters and shear capacity test values of rectangular specimens
AR HE T (bxh)/ Fean/mm S IPAN ‘iFéiéijﬁﬁi?ﬁ P E R S EARGRIE AR R R BUEARE)
95  (mmxmm) FE 55 £2/MPa JfW/MPa f/MPa 01/% 0/% V /KN
1 200.0x200.0 300.0 294.0 21.0 371.00 344.00 1.27 1.39 107.12
2 200.0x200.0 400.0 183.0 32.0 369.00 316.00 2.01 0.57 83.49
3 160.0x160.0 320.0 486.0 21.1 341.00 559.00 2.22 1.75 59.75
4 160.0x160.0 480.0 517.0 28.8 341.00 559.00 2.22 0.73 47.02
5 160.0x160.0 480.0 517.0 28.8 341.00 559.00 2.22 0.73 51.58
6 200.0x200.0 300.0 265.0 25.8 361.00 426.00 2.13 0.91 113.49
7 200.0x200.0 300.0 636.0 25.8 361.00 426.00 2.13 0.91 125.52
8 152.4%x304.8 876.3 178.0 26.1 496.00 345.00 2.45 0.48 104.19
9 152.4x304.8 876.3 178.0 26.1 496.00 345.00 2.45 0.48 98.48
10 152.4x304.8 876.3 111.0 33.6 496.00 345.00 2.45 0.33 93.27
11 457.2x457.2 1473.2 502.6 33.1 330.96 399.91 194 010 237.35
12 457.2x457.2 1473.2 503.0 33.1 330.96 399.91 1.94 0.10 220.00
13 457.2x457.2 1473.2 1512.0 25.5 330.96 399.91 3.03 0.20 367.00
14 254.0x254.0 508.0 534.0 86.0 510.00 449.00 2.46 1.63 243.11
15 254.0x254.0 508.0 1 068.0 86.0 510.00 449.00 2.46 1.63 287.83
16 457.2x457.2 1473.2 667.2 21.1 434.37 476.00 2.47 0.25 270.21
17 160.0x160.0 320.0 432.0 21.1 341.00 559.00 2.22 0.70 50.22
18 152.0x305.0 876.0 189.0 347 496.00 345.00 2.45 0.30 98.76
19 152.0x305.0 876.0 189.0 347 496.00 345.00 2.45 0.30 101.31
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Tab.2 Basic parameters and shear capacity test values of circular specimens

RELEAEATT AHERGRE  fERGRE PHEHE AR SRR

G LRI A HEL/mm 4 /IP/KN

JERir R r/mm JE 5B £7/MPa Jfy/MPa Sy/MPa o/ % /% V, /KN
1 400.0 800.00 0 37.5 436.0 328.0 3.20 0.51 291.49
2 400.0 800.00 0 37.2 296.0 328.0 3.20 0.51 216.34
3 400.0 800.00 721 28.7 448.0 372.0 3.20 1.02 427.25
4 400.0 800.00 784 31.2 448.0 332.0 3.20 1.02 428.59
5 400.0 800.00 455 36.2 436.0 326.0 3.20 1.02 436.30
6 400.0 800.00 0 33.7 424.0 326.0 3.24 0.51 306.12
7 400.0 800.00 0 34.8 436.0 326.0 1.92 0.51 230.34
8 400.0 1 000.00 431 343 436.0 326.0 3.20 0.51 286.58
9 400.0 800.00 0 323 436.0 332.0 3.20 0.76 326.17
10 400.0 800.00 0 33.1 436.0 310.0 3.20 0.77 340.48
11 400.0 800.00 1813 37.0 475.0 340.0 3.20 0.47 489.30
12 307.0 900.00 145 359 240.0 240.0 1.83 0.63 68.67
13 307.0 895.00 254 34.4 240.0 240.0 1.83 0.63 65.82
14 250.0 250.00 322 26.5 375.0 334.5 0.91 4.27 174.82
15 250.0 500.00 161 31.6 382.0 386.5 1.62 0.75 181.65
16 610.0 914.50 503 30.0 462.0 361.0 0.52 0.28 394.76
17 610.0 914.50 503 30.0 462.0 361.0 1.04 0.17 587.36
18 457.0 910.00 850 35.0 468.2 434.4 5.21 2.70 985.10
19 406.4 1047.75 0 354 458.5 691.5 1.17 0.26 163.44
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Fig.1 Comparison of shear capacity test values of columns failed in flexural-shear and calculation value of each code formula
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Tab.3  Statistic analysis of calculated/experimental val-

ues of shear capacity of each code
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Tab.4 Basic parameters and shear capacity test values of 15 RC columns failed in flexural-shear
R6.16-0.5-50 200%200 1150 829 54.5 365.2 346.9 2.34 0.77 45.68
R6.16-0.5-100 200%200 1150 829 54.5 365.2 346.9 2.34 1.54 45.13
R5.35-0.5-50 200%200 1 000 829 54.5 365.2 346.9 2.34 0.77 62.14
R5.35-0.5-100 200x200 1 000 829 54.5 365.2 346.9 2.34 1.54 61.76
R4.33-0.2-100 200%200 850 332 54.5 365.2 346.9 2.34 1.54 39.78
R4.33-0.5-50 200%200 850 829 54.5 365.2 346.9 2.34 0.77 73.05
R4.33-0.5-100 200x200 850 829 54.5 365.2 346.9 2.34 1.54 66.53
R3.46-0.2-100 200%200 700 332 54.5 365.2 346.9 2.34 1.54 51.24
R3.46-0.5-50 200%200 700 829 54.5 365.2 346.9 2.34 0.77 92.38
R3.46-0.5-100 200%200 700 829 54.5 365.2 346.9 2.34 1.54 83.61
R2.50-0.2-100 200%200 550 332 54.5 365.2 346.9 2.34 1.54 70.13
R2.50-0.5-50 200%200 550 829 54.5 365.2 346.9 2.34 0.77 157.41
R2.50-0.5-100 200%200 550 829 54.5 365.2 346.9 2.34 1.54 155.97
R1.63-0.2-50 200%200 400 332 54.5 365.2 346.9 2.34 0.77 161.17
R1.63-0.2-50 200x200 400 332 54.5 365.2 346.9 2.34 1.54 160.94
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Fig. 2 Linear regression equation of the modified coeffi-
cient
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Fig.3 Comparison of calculation results before and after
correction of shear capacity formula for RC colu-
mns failed in flexural-shear
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Fig. 4 Verification of the modified formula for shear capa-

city of RC columns failed in flexural-shear with
rectangular section
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