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Calculation Method of Shear Capacity of High Strength Concrete Beams
Based on Experimental Data [ . Without Web Reinforcement
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(1. College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China; 2. Department of
Civil and Environmental Engineering, The University of Auckland, Auckland 1142, New Zealand)

Abstract: In order to study the calculation method of shear capacity of high strength concrete
without webs, the experimental data on the shear tests of high strength concrete beams without
web reinforcement were collected, these data included shear capacity, concrete strength, shear
span ratio, effective cross section, tensile longitudinal reinforcement ratio etc. A database of 291
experimental data was established. Three theoretical formulas of shear capacity of concrete beams
were reviewed, the formula in Code for Design of Concrete Structures (GB 50010-—2010) and
the formula in ACI 318-14 and Zsutty equation. The applicability of these 3 formulas in the high
strength concrete beams was evaluated by using the measured data in the database. The further
study of the formula in GB 50010—2010 was done under different conditions. The parameters in
the formula of GB 50010—2010 were revised based on the experimental comparison. The results
show that the prediction results of the Zsutty equation are the most accurate, the accuracy of the
formula in GB 50010—2010 is better than the formula in ACI 318-14, and the proposed formula is

more suitable for the high strength concrete beams without web reinforcement.
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Tab.1 Test Data Summary of Shear Tests of High Strength Concrete Beams Without Web Reinforcement

Bk IR | A B fe/MPa b/mm ho/mm fi/MPa A o/ % V./kN
SCHk[10] 25 63.61~81.25 | 150.0~154.0 | 260.00~267.00 |4.170~4.770|0.981~3.962| 1.46~3.96 | 63.00~257. 36
SCHk[11] 6 55.83~69.00 | 130.0~350.0 | 215.00~585.00 |4.110~4.620|2.000~3.100| 1.77~2.50 | 49.47~239.56
ScHk[12] 6 52.13~69.09 102.0 171.00 3.780~4.370 | 1.560~3.630 1.45 21.78~75.57
SCHk[13] 17 70.00~105.00 | 149.0~161.0 | 259.00~271.00 |3.622~4.015|0.941~2.898 3.92~5.32 | 49.73~768. 20
SCrik[14] 2 58.20~66. 00 200. 0 363. 00 4,030~4.290 3. 000 2.03 110.19~111.78
SCrik[15] 6 70.70~117. 50 200. 0 3 500. 00~600. 00 | 4. 030~6. 140 2.500 0.54~2.17 | 98.00~165.00
SCrik[16] 2 51.40~64.49 200. 0 365. 00 4,060~4.570 1.500 2.03 397.02~422.71
SCHk[17] 6 75.60~93.36 | 196.0~204.0 | 400.00~418.00 |4.790~5.040 | 1.000~3.000 | 1.38~1.44 | 92.00~615.00
CHik[18] 6 81.64~89.51 | 196.0~204.0 | 400.00~418.00 |4.570~5.040 | 1.000~3. 000 1.13 80. 00~615. 00
k5] 12 45.16~93. 68 152.0 298. 00 3.660~5.160 | 1. 500~3. 600 3. 36 89.01~492. 83
SCHkL7] 9 63.40~79. 31 178.0 266.40~273.00 |4.170~4.710 4.000 1.20~3.30 | 57.28~74.75
k6] 35 60. 83~66. 98 127.0 184.20~208.03 |4.120~4.290 | 1.000~4. 000 | 1. 77~6.64 | 44.63~400.35
SCHkL7] 9 63.43~79. 29 178.0 272. 00 4.290~4.710|2.000~6.000 | 1.20~3.30 | 45.08~105.41
CHk[19] 3 50. 15 85.0 130. 00 3. 750 2.000~3. 000 2.00 17. 46~25. 42
SCHik[20] 1 55. 85 350. 0 550. 00 3. 930 3.100 2.50 225.23
k[ 21] 5 53.90~58. 00 150.0 207.00~221.00 |3.910~4, 080 | 3.000~4.000| 3.20~3.24 | 58.01~82.59
k[ 22] 9 58.20~69. 10 | 150. 0~1¢ 193.00~237.00 |4.020~4.370|3.360~6.610| 2.25~4.10 | 71.05~89.88
k23] 6 75.37~127.10 | 290.0~360.0 | 178.00~278.00 |3.600~4, 110 |2.880~4.490| 0.99~3.04 | 75.37~127.10
SCHk[24] 2 67.00~87. 00 375.0 655. 00 4.290~4. 960 3.230 2.85 296. 00~327. 00
CHk[25] 3 56.30~77. 60 110.0 442, 3.300~4.200 | 0.850~1. 690 2.58 186. 00~500. 00
SCHk[26] 15 50. 80~83. 30 160.0 203. 00 3.790~4. 840 | 2. 000~4. 000 | 2.02~3.20 | 45.64~131.54
SCHk[27] 12 58. 60 400. 0 65. 00~895. 00 4.030 2. 500 1.20~2.00 | 52.00~343. 68
k28] 11 34.00~98. 80 300. 0 225.00~925.00 |5.170~5. 380 3. 000 0.50~1.31 | 85.00~334.00
CHk[29] 6 52.00~73. 00 125.0 215. 00 3.840~4. 500 | 1. 500~2. 500 3.77 56.44~142.17
CHkL30] 4 63.00~87. 00 80.0 140. 00 4.200~4. 960 | 2. 000~5. 000 2.00 32. 00~90. 00
SCrik[31] 2 50.30~51. 00 150. 0 165. 00 3.770~3.800 | 2.120~3. 030 1. 60 36.88~84. 65
CHik[32] 5 64.90~99. 00 300. 0 925. 00 4.220~5. 320 2.920 0.50~1.01 | 163.00~193.00
CHk[33] 8 78. 50 160. 0 355.00~935. 00 4. 680 0.530~1.130 ] 0.90~1.00 | 338.10~1 010. 40
CHik[34] 2 61.30~61.90 200. 0 305. 00~330. 00 5. 890 2.730~2.950 | 2.23~4.02 | 125.00~170. 00
SCHk[35] 6 49.90~87.00 200.0 359. 00 3.460~4. 220 3.010 2.24 99.69~140. 09
cHk[22] 5 64.80~68.60 | 203.0~508.0 | 233.00~684.00 |4.220~4.350|2.970~2.990| 1.20~1.30 | 57.23~260.60
SCik[36] 8 52.00~53. 80 120.0 165. 00 3.840~3.910 | 1. 500~3. 000 1.25 41, 20~90. 00
CHk[37] 4 50. 90 200.0 265. 00 3.790 2.000~4. 000 1.13 98.80~138. 30
CHik[38] 2 50. 30 150.0 200. 00 3.770 3. 800 1.30 40. 40~42. 30
CHk[39] 4 49.10 200.0 201.00~476. 00 3.720 2.600~3.900| 1.68~2.46 | 105.60~122.60
CHik[40] 27 44.77~52.77 152. 4 266. 70 3.640~3.980 | 2.000~6.000| 0.87~1.07 | 24.88~116.28
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Tab.2 Statistical Data of Ratios of Experimental

Values to Calculated Values of Bearing Capacity

A ORI -2 {H T o 2 A8 5 A
GB 50010—2010 1.231 0. 848 0. 689
ACI 318-14 1.853 1.342 0.724
Zsutty 1. 142 0.417 0. 365
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Fig. 1 Comparison of Experimental Values and Calculated

Values by GB 50010—2010 Formula of Bearing Capacity
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Fig. 2 Comparison of Experimental Values and Calculated

Values by ACI 318-14 Formula of Bearing Capacity
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Fig.3 Comparison of Experimental Values and Calculated

Values by Zsutty Equation of Bearing Capacity
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Tab.3 Data Analysis Results with Different Variations

&l RS REC | PIE | AR | BERAK
— A7 iR 291 1.231 | 0.848 0. 689
A< 24 | 3.095 | 1.328 0.429
= 1<2<<2.5 98 1.326 | 0.643 0.384
A>2.5 169 | 0.912 | 0.485 0.422
01<20. 01 34 | 0.996 | 0.883 0. 886

= 1<p=<20. 02 110 0. 964 0.478 0. 495

0>>0.02 147 1.485 0.971 0. 654

ho<<600 mm 270 1. 275 0. 946 0.663

L]
ho>600 mm 21 0. 666 0.658 0.998
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Tab.4 Comparison of Calculation Results Between New

Formula and Formula in GB 50010—2010
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