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Investigation on formula of shear capacity to RC deep beam with square openings

LI Hua', LI Kefei’, ZHANG Huzhi’
(1. Chongqing Chongda Construction Engineering Quality Testing Co. , Lid. , Chongqing 400045, China;
2. School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: The shear capacity formula for deep flexural members in Appendix G of GB/T 50010-2010 Code for Design of Concrete
Structures , namely the GB/T50010 formula, does not account for the influence of openings and thus cannot be accurately applied to the
design of deep beams with square openings. To address this issue, the calculation method for the shear capacity of deep beams with
square openings was investigated. Based on the statistical analysis of relevant test data to evaluate the reliability of the traditional
method, the ultimate bearing capacity of nine groups of members was compared through nonlinear finite element simulation. The
influence of opening parameters on the force performance was analyzed. At the same time, the modified formula of the GB/T50010
formula was given by using the fitting method, and the applicability of the modified formula was verified. The results indicate that the
traditional empirical reinforcement method, which involves adding additional reinforcement around openings, lacks sufficient reliability.
For a deep beam with square openings, the reduction in shear capacity is primarily governed by the opening position and opening ratio.
Specifically, shorter vertical distances from the opening centroid to the compressive path (i.e. , the line connecting the loading point
and the support) and a larger opening ratio correlate with a decrease in the member’ s shear capacity. Moreover, the opening behavior
mainly reduces the contribution of concrete to the shear capacity of the member; the modified formula, by adjusting the concrete’ s
shear contribution term, can fully consider the adverse effects of single or double openings. Within a defined range of opening sizes and
positions, the modified formula significantly improves the prediction accuracy of the shear capacity of a deep beam with openings.
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Table 1 Statistical results of test on RC deep beams with square openings designed by empirical method

g . RS0 IRHAA  BamWs KB TR EE L R# T
P 7 b/mm A p/% f/MPa p /% f,/MPa p,/% f,/MPa f/MPa f.,/MPa V,/kN Viu/kN V,/Vgy Fy/kNFy/kN
KSL-C-a-l 160 0.25 0.35 396 0.16 590  0.39 590 2.03 8.3 338 613 0.55 644 943

CHK[19] KSL-C-b-1 160 0.25 0.35 396 0.16 590 0.39 590 1.99 20.5 259 605 0.43 644 1728

KSL-C-c-1 160 0.25 0.35 396 0.16 590 0.39 590 2.18 19.3 460 646 0.71 314 323
N KSL-2-C 160 0.25 0.31 497 0.41 590 0.33 590 2.12 19.7 230 378 0.61 297 378
k[ 15] KSL-3-C 160 0.25 0.31 497 0.42 590 0.33 590 2.16 20.0 280 384 0.73 297 384
SCHK[ 8] B-9 120 0.25 1.49 335 0.56 300 1.43 335 2.32 249 210 271 0.78 386 271
SCiR[20] KSL-2 160 0.25 0.38 488 1.73 512 0.55 512 2.20 22.7 385 460 0. 84 436 460
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Fig.1 Dimension of simulated members for deep beam with openings (unit: mm)
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Table 2 Design parameters and simulation results of RC deep beam examples

151 .- LI R F24 K]

¢/% by /mm  b,/mm  hy/mm  h,/mm  by/mm  by/mm  hy/mm h,/mm V/KN  Vep/kN V /Vig

KD-L-1 3.60 400 400 0 0 1148 1220.9 0.94

KD-L-2 3.60 400 400 150 0 1022 1220.9 0.84

KD-L-3 3.60 400 400 300 0 933  1220.9 0.76

F1d KD-L-4 3.60 400 400 450 0 907 1220.9 0.74

KD-L-5 3.60 400 400 600 0 811 1220.9 0.66

KD-L-6 3.60 400 400 750 0 818 1220.9 0.67

KD-L-7 3.60 400 400 900 0 813 1220.9 0.67

KD-H-1 3.60 400 400 0 200 972 1220.9 0.80

KD-H-2 3.60 400 400 0 100 1084 1220.9 0.89

24 KD-H-4 3.60 400 400 0 -100 1166 1220.9 0.96

KD-H-5 3.60 400 400 0 -200 1165 1220.9 0.95

KD-H-6 3.60 400 400 0 -300 1145 1220.9 0.94

KD-H-CL-1 3.60 400 400 420 300 773 1220.9 0.63

KD-H-CL-2 3.60 400 400 513 200 781 1220.9 0.64

KD-H-CL-3 3.60 400 400 607 100 795 1220.9 0.65

3N KD-H-CL-4 3.60 400 400 700 0 819 1220.9 0.67

KD-H-CL-5 3.60 400 400 793 -100 825 1220.9 0.68

KD-H-CL-6 3.60 400 400 887 -200 803 1220.9 0.66

KD-H-CL-7 3.60 400 400 980 -300 767 1220.9 0.63

KD-H-FCL-1 3.60 400 400 700 200 799 1220.9 0.65

KD-H-FCL-2 3.60 400 400 700 100 804 1220.9 0.66

a4 KD-H-FCL-4 3.60 400 400 700 -100 823 1220.9 0.67

KD-H-FCL-5 3.60 400 400 700 -200 844 1220.9 0.69

KD-H-FCL-6 3.60 400 400 700 -300 885 1220.9 0.73

KDDX-CL-1 0.22 100 100 700 0 1147  1220.9 0.94

KDDX-CL-2 0. 89 200 200 700 0 1136 1220.9 0.93

ESA KDDX-CL-3 2.00 300 300 700 0 1042 1220.9 0.85

KDDX-CL-5 5.56 500 500 700 0 664 1220.9 0.54

KDDX-CL-6 8.00 600 600 700 0 551 1220.9 0.45

KDDX-FCL-1 2.00 300 300 0 0 1150 1220.9 0.94

%ol KDDX-FCL-3 5.56 500 500 0 0 1043  1220.9 0.85

KDDX-FCL-4 8.00 600 600 0 0 783 1220.9 0.64

DKD-DC-1 4.44 200 400 200 400 =700 700 0 0 831 1220.9 0.68

DKD-DC-2 1.78 200 200 200 200 -700 700 0 0 1145 1220.9 0.94

DKD-DC-3 5.55 300 400 300 400 =700 700 0 0 831 1220.9 0.68

ETH DKD-DC-4 4.00 300 300 300 300 -700 700 0 0 1025 1220.9 0.84

DKD-DC-5 7.11 400 400 400 400 =700 700 0 0 801 1220.9 0.66

DKD-DC-6 11. 11 500 500 500 500 =700 700 0 0 629 1220.9 0.52

DKD-DC-7 16. 00 600 600 600 600 -700 700 0 0 526 1220.9 0.43

DKD-FDC-2 4.44 200 400 200 400 -600 700 0 0 834 1220.9 0.68

DKD-FDC-3 4.44 200 400 200 400 =500 700 0 0 831 1220.9 0.68

58 41 DKD-FDC-4 4.44 200 400 200 400  -400 700 0 0 832 1220.9 0.68

DKD-FDC-5 4.44 200 400 200 400  -800 700 0 0 834 1220.9 0.68

DKD-FDC-6 4.44 200 400 200 400 =900 700 0 0 832 1220.9 0.68

DKD-FDC-7 4.44 200 400 200 400 -1000 700 0 0 834 1220.9 0.68

DKD-TC-1 4.00 300 300 300 300 400 1000 0 0 1089 1220.9 0.89

FoH DKD-TC-2 4.00 300 300 300 300 350 1050 0 0 1125 1220.9 0.92

DKD-TC-3 4.00 300 300 300 300 300 1100 0 0 1093 1220.9 0.90

eV, RTESHAR R ARER T, 56 2 A1 KD-L-1, 8 IZ A B 458 KD-H-3; 55 4 a5 1 KD-H-CL-4, 7£ 1% 41 55 4
54 KDDX-H-FCL-3; %% 5 A4k KD-H-CL-4, 7EiX L FH#H 45 KDDX-CL-4; 55 6 A 5F9 {4 KD-L-1, X A FHH %5 & KDDX-FCL-2;
% 8 L AhH 4 DKD-DC-1, fEi% 4 5B 4w 5 4 DKD-FDC-1,,
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Fig.3 Concrete tensile damage cloud map in simulation analysis
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Table 3 Comparison of V, and V  of specimens

FAIER g = /1 b,/1 V,/kN Vv, /kN V/V,,

PATEFL KSL-C-a-11"" 0. 058 0.259 338 228.1 1.48

PAAUFFFL KSL-C-b-11"% 0.013 0.259 259 203. 1 1.27

X FR AL KSL-2-¢*) 0. 008 0. 147 230 229.6 1.00

XFFRALFL KSL-3-C!*! 0.055 0.147 280 248.9 1.12

K FRAFL KSL-2120 0.010 0.167 385 272.9 1.41
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