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Calculation Method of Shear Capacity of High Strength Concrete Beams
Based on Experimental Data ]| . With Web Reinforcement
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Abstract: The experimental data of shear failure of 281 high-strength concrete beams with web
reinforcement were collected, and a database of shear failure of high-strength concrete with web
reinforcement was established. The results of all the beams in the database were compared with
those predicted by GB 50010—2010, ACI 318-14 and Zsutty equation. The applicability of each
formula to high strength concrete beam was studied. Then, the formula in GB 50010—2010 was
modified to get a proposed formula. The results show that the prediction results of the Zsutty
equation are the most accurate, and the prediction results of the formula in ACI 318-14 are the
most conservative. The proposed formula is more suitable for high strength concrete beams with
web reinforcement compared to the formula in GB 50010—2010.
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Tab.1 Test Data Summary of Shear Tests of High Strength Concrete Beams with Web Reinforcement

B R UR | A B fe/MPa A fi/MPa b/mm ho/mm o1/ % | pwfvi/MPa V./kN
Hk[11] 12 47.48~63.68 | 1.50~3.61 | 3.65~4.22 |122.0~151.0| 218.0~270.0 0.84~7.18 | 109.90~303.10
xHk[12] 16 90.04~128.28 | 1.00~3.01 | 5.05~6.14 [147.0~160.0| 254.0~274.0 | 2~4 | 2.87~4.20 | 267.10~722.80
Hk[13] 15 83.65~128.28 | 0.99~3.03 | 3.42~4.32 150. 0 232.0~300.0 | 2~4 | 2.21~5.53 | 192.00~476.00
SCHk[14] 9 47.48~65.63 3.06 3.04~3.31 200. 0 359.0 1~210.96~1.11 | 191.47~261.29
Ck[15] 6 49. 36 2.26~2.47 2. 04 150.0 243.0~265.0 | 2~5 | 1.46~4.79 | 271.8~643.87
cHk[16] 6 49. 40 2.26~2.50 3.73 150.0 235.0~265.0 | 2~5 | 1.46~3.28 | 136.74~322.78
SCHk[17] 5 50.15~57.93 | 1.50~2.60 | 3. 76~4.57 200. 0 365.0~435.0 2 | 0.64~1.11| 228.00~501.41
k[ 18] 3 89. 50 3.00 5.04 200. 0 380.0~385.0 2 0.57~0.98 | 252.00~316.00
Hk[19] 5 81. 64 3.00 4.79 196.0~203.0| 386.0~416.0 2 0.57~0.98 | 180.00~267.00
Hk[20] 4 75.43 1.50~3.00 4.03 150. 0 265.0 3 1.73~3.46 | 201.00~403. 50
k[ 21] 4 68.25~85.23 2. 60 4, 34~4.90 200. 0 435.0 2 0.56~0.95 | 208.00~353.00
k[ 22] 1 56.56 2.45 4.02 200. 0 335.0 ! 1.79 330. 00
Hkl1] 1 62.74 4.00 4.19 178.0 272.0 3 0.70 150. 10
Hk[2] 5 51.30~72.33 3.10 3.81~4.48 304.0 538. 7 3 | 0.40~0.70 | 266.05~330.58
SCHk[23] 10 72.41~125.31 | 2.50~3.00 | 4.48~6.06 [355.6~457.2| 558.8~762.0 | 2~7 | 0.33~8.05 |267.58~2 011. 20
kL8] 11 70.10~80.10 | 2.50~4.00 | 4.40~4.59 180. 0 233.0 3~410.76~1.53 | 122.60~247. 86
cHk[24] 4 90.00~103.24 | 3.00~5.00 | 5.05~5.45 127.0 198.1 5 |1.65~2.53| 93.72~122.54
k23] 16 67.00~87.00 3.05 4.29~4.96 375.0 655.0 3 | 0.34~1.00 | 405.00~721.00
k[ 25] 4 56.20~77.60 | 0.85~1.69 | 3.30~6. 40 220.0 442.5 3 |5.05~10.10| 335.00~760.00
SCHRL9] 43 63.60~89.40 | 1.75~3.30 | 4.22~5.03 250. 0 292.0~542.0 | 2~4 | 0.60~1.27 | 174.90~573. 40
SCHik[26] 7 67.25~103. 44 3.55 1. 30~5. 45 140.0 1779.5~183.0| 3~5 0.35 53.53~78.01
Hk[27] 6 93.23~107.74 3.00 5.15~5.58 350.0 400. 0 2 1.02~3.93 | 406.00~665.00
Hkl4] 13 58.00~82.00 | 3.00~5.00 | 4.01~4.80 150.0 310.0 3~40.35~0.71| 93.60~343.80
SCHk[28] 24 52.00~73.00 | 1.50~2.50 | 3.84~4.50 125.0 215.0 4 10.99~7.49 | 98.63~280.31
Hk[29] 6 47.00~75.00 | 2.50~3.00 | 3.74~4.57 |169.0~300.0| 459.0~925.0 1 ]0.40~0.80 | 139.00~583.00
Hk[10] 4 61.00~91. 00 2.00 4.12~5.08 80.0 135.0 2 | 1.25~1.88 | 88.00~97.00
Cik[30] 2 65. 00~80. 00 2.70 4.27~4.73 300. 0 925.0 2 0. 40 395.00~452. 00
k5] 15 47.65~79.20 | 2.50~3.10 | 3.75~5.99 | 85.0~200.0 | 126.0~300.0 | 2~6 | 0.34~6.40 | 24.53~270.00
SCHk[31] 12 49.90~87.00 | 3.06~3.08 | 3.46~4, 22 200. 0 351.0 2~310.75~1.29 | 177.64~308. 71
Hk[32] 6 50. 90~68. 50 4.00 3.79~4.35 200. 0 265.0 2 0.48 131.20~149. 50
CHk[33] 4 79. 20 2.35 4.71 183.0 511.0 6 |4.86~19.45]729.00~1 121.00
SCHk[34] 5 50. 30 1.23 3.77 300. 0 369.0 5 | 1.90~3.75 | 587.20~758.70
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Tab. 2 Statistical Data of Ratios of Experimental

Values to Calculated Values of Bearing Capacity

A ORI 1 {H o v 22 B S R
GB 50010—2010 1. 260 0. 460 0. 365
ACI 318-14 1. 466 0. 506 0. 345
Zsutty 1.177 0.373 0.317
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Fig. 1 Comparison of Experimental Values and Calculated
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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

) RSH HREC | PHME | R | 2R R
— P A 12t 281 | 1.260 | 0.460 | 0.365
A A<2.5 110 | 1.419 | 0.538 | 0.379
a A>2.5 151 | 1.100 | 0.291 | 0.265
- a<<1% 31 | 1.276 | 0.750 | 0.588
- o>2% 238 | 1.257 | 0.420 | 0.334
hy<<600 mm 258 | 1.304 | 0.453 | 0. 347
. ho 600 mm 23 | 0.765 | 0.145 | 0.190
pee fn =<1 MPa 142 | 1.097 | 0.326 | 0.297
T |1 MPa<pu, fy<<2 MPa| 60 | 1.524 | 0.533 | 0.350
s [y >>2 MPa 79 | 1.353 | 0.487 | 0. 360
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Tab.4 Comparison of Calculation Results Between

New Formula and Formula in GB 50010—2010

) 2 NN T E iz | ERRE
JE 2 1. 260 0. 460 0.365
B ' E /AN 1.123 0. 381 0. 344
/NN 1.419 0.538 0.379
B ’ o 1.236 0.451 0. 364
o FEA T 1.100 0.291 0. 265
’ E /AN 1.011 0. 266 0.263
2 1.276 0. 750 0.588
_ ! ot 1.151 0. 659 0.573
- JE A2 1. 257 0. 420 0.334
’ A 1.120 0. 345 0. 308
AR 1.304 0.453 0. 349
° /AN 1.159 0. 381 0. 329
" JE A 0.765 0. 145 0. 190
! /NN 0.717 0.132 0.184
J 28 5 1.097 0.326 0.297
’ A 1.018 0.301 0.295
. . JF A 1.524 0.533 0. 350
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" 2 2 1.353 0.487 0. 360
E /AN 1.139 0.401 0. 352
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