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In-depth study on calculation method of local bearing capacity of concrete

GAI Liqi'?, ZHENG Wenzhong'?, LI Sheng'?, WANG Ying'’

(1.Key Lab of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) , Ministry of Education,
Harbin 150090, China;2. Key Lab of Smart Prevention and Mitigation of Civil Engineering Disasters
(Harbin Institute of Technology) , Ministry of Industry and Information Technology, Harbin 150090, China)

Abstract; To investigate whether the indirect steel bar is capable of yielding when the concrete reaches local
bearing capacity, the calculation method of tensile stress when the indirect steel bar could not yield, and the
possibility of reasonable anchoring of meshed indirect steel bar outside the wedge, 18 specimens reinforced with
spiral indirect steel bars and 18 with meshed indirect steel bars were experimentally evaluated, subjected to local
compression forces. Results show that when the concrete reached the ultimate load, non-yielding occurred in the
indirect steel bars in the area affected by the local pressure. Based on the test results, the volumetric ratios of
indirect steel bars corresponding to the yielding of the spiral and meshed indirect steel bars for hot-rolled steel bars
with different strength grades (HPB300, HRB400, HRB500, HRB600) were obtained. A calculation method of
the tensile stress at the intersection of the meshed indirect steel bar and the outer side of the wedge was established
for the situation that the meshed indirect steel bar does not yield under local pressure.

Keywords: concrete; spiral indirect steel bar; reasonable anchoring of meshed indirect steel bar; volumetric ratio
of indirect steel bars; local bearing capacity
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Tab.1 Parameters of concrete specimens with
spiral indirect steel bars

‘ ] L TR
i L O 15 <22 I 1 227 27 A L B2 i R
s  RJESR iR AR d/mm [ s/mm

Hpy/ %
c-1 C40  HRB600 6 45 0.90
c-2 C40  HRB500 8 75 1.00
c-3 C40  HRB400 8 65 1.20
C-4 C40  HPB300 8 50 1.50
C-5 C40  HRB400 8 75 1.00
C-6 C40  HRB400 8 70 1.10
c-7 C40  HRB400 8 55 1.35
c-8 C40  HRB400 8 50 1.50
c-9 €60  HRB600 6 45 0. 90
C-10 C60 HRB500 8 75 1.00
C-11 C60 HRB400 8 65 1.20
C-12 C60 HPB300 8 50 1.50
C-13 C60 HRB400 8 75 1.00
C-14 C60 HPB300 8 75 1.00
C-15 C80 HRB600 6 45 0.90
C-16 C80 HRB500 8 75 1.00
C-17 C80 HRB400 8 65 1.20
C-18 C80 HPB300 8 50 1.50
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Fig. 1 Schematic diagram of spiral indirect steel bar and layout of strain measurement points( mm )
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Tab.2 Pasting situations of spiral indirect steel bar strain gauges
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Tab.3  Parameters of concrete specimens with meshed indirect steel bars
N P;E{;ﬂ e T ﬁfjf IE@ MR %f?ji'm & 'S;fﬁzﬁff;
F-1 C40 HRB600 6 1 80 0.90
F-2 C40 HRB500 8 2 85 1. 00
F-3 C40 HRB400 8 2 75 1. 20
F-4 C40 HPB300 6 1 50 1. 50
F-5 C40 HRB400 8 2 85 1. 00
F-6 C40 HRB400 8 2 80 1. 10
F-7 C40 HRB400 8 2 65 1.35
F-8 C40 HRB400 8 2 60 1. 50
F-9 C60 HRB600 6 1 80 0.90
F-10 C60 HRB500 8 2 85 1. 00
F-11 C60 HRB400 8 2 75 1. 20
F-12 C60 HPB300 6 1 50 1. 50
F-13 C60 HRB400 8 2 85 1. 00
F-14 C60 HPB300 8 2 85 1. 00
F-15 C80 HRB600 6 1 80 0.90
F-16 C80 HRB500 8 2 85 1. 00
F-17 C80 HRB400 8 2 75 1.20
F-18 C80 HPB300 6 1 50 1. 50
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Fig.2 Schematic diagram of meshed indirect steel bar and layout of strain measurement points( mm)
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Tab.4 Pasting situations of meshed indirect steel bar strain gauges Tab.5 Basic mechanical properties of concrete ~ MPa
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Fig.3 Local compression test loading device
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Fig.6 Failure characteristics of concrete specimens with spiral indirect steel bars
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Fig.7 Failure characteristics of concrete specimens with meshed indirect steel bars
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Tab.7 Local compression test data of concrete with spiral indirect steel bars

®pEgE f./MPa S/ MPa p./ % Beor N,/kN e, /1070 o /1070 RARGIE R AR Af/MPa
C-1 28.2 660 0. 90 1. 64 1712.2 3300 4522 £126 2 29. 83
c-2 28.2 560 1.00 1.61 1746. 4 2 800 3908 £104 B 31.46
C-3 28.2 480 1.20 1.61 1756.2 2 400 3 682 &136 2 31.92
C-4 28.2 340 1.50 1.61 1838.0 1620 3 898 £253 2 35.81
C-5 28.2 480 1.00 1. 61 1 698. 8 2 400 2 879 £104 B2 29.19
C-6 28.2 480 1.10 1.61 1760. 8 2 400 2 682 &1 2 32. 14
c-7 28.2 480 1.35 1.61 1814.6 2 400 2 529 £140 2 34.70
C-8 28.2 480 1.50 1. 61 1842.6 2 400 2493 £x B 36. 03
C-9 41.3 660 0. 90 1. 64 2262.8 3300 3515 £126 2 33.10
C-10 41.3 560 1.00 1.61 2 420.2 2 800 2 475 £60 & 40. 59
Cc-11 41.3 480 1.20 1.61 2274.0 2 400 3093 e 2 33. 64
c-12 41.3 340 1.50 1.61 2286.8 1620 2 641 £158 2 34.24
C-13 41.3 480 1.00 1. 61 2253.6 2 400 3168 £104 2 32.67
C-14 41.3 340 1.00 1.61 2228.4 1 620 2 672 £269 2 31.47
c-15 59.2 660 0.90 1. 64 2 667.0 3 300 3 409 £126 2 32.60
C-16 59.2 560 1.00 1. 61 2 646.0 2 800 2765 £104 s 31.60
C-17 59.2 480 1.20 1.61 2 700. 4 2 400 3035 £106 2 34.19
C-18 59.2 340 1.50 1.61 2722.0 1 620 2 451 £138 7 35.21
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Fig. 10 Surface fitting and lower envelope of specimens
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Surface fitting of specimens with spiral indirect steel bars

AfIMPa

with spiral indirect steel bars
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Tab.8 Comparison of measured and calculated compressive

p\',max =

strengths of concrete with spiral indirect steel bars

N fe .1/ MPa fer./MPa S/ faa
C-1 83. 16 81. 44 1. 021
c-2 83. 44 83. 06 1. 005
C-3 84. 86 83.53 1.016
Cc-4 86.72 87.42 0.992
C-5 83. 06 80. 80 1. 028
C-6 83.93 83.75 1. 002
c-7 86. 16 86.31 0.998
C-8 87.47 87. 64 0. 998
C-9 106. 07 107. 62 0. 986
C-11 107.77 107. 59 0. 997
C-12 109. 64 108. 77 1. 008
C-13 105. 97 107.19 0. 989
C-14 105.23 105. 99 0.993
C-15 125. 80 126. 85 0. 992
C-16 126. 09 125. 85 1. 002
c-17 127.50 128. 44 0.993
C-18 129. 37 129. 46 0. 999
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Tab.9 Upper limit test values of volume reinforcement ratio

of spiral indirect steel bars with different grades under yielding

] 4249 fif3 SRR MR RN AR

SEESEY f/MPa  E_/10°MPa &,/10°° P! %
HPB300 340 2.1 1620 8.03
HRB400 480 2.0 2 400 3.04
HRB500 560 2.0 2 800 2.27
HRB600 660 2.0 3300 1.74
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Tab. 10 Upper limit design values of volume reinforcement ratio

of spiral indirect steel bars with different grades under yielding

EEERe ENGRE bR

S f/MPa  E_/10°MPa &,/107° Promas! %
HPB300 340 2.1 1620 7.15
HRB400 480 2.0 2 400 2.72
HRB500 560 2.0 2 800 2.03
HRB600 660 2.0 3300 1.56
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Schematic diagram of the maximum tensile
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Tab. 11  Local compression test data of concrete with meshed indirect steel bars
RiEgE f./MPa fyn/MPa p./ % Beor N,/kN en/1070 gl /1070 RISArE RAEIR Af/MPa
F-1 28.2 660 0.90 1. 15 1011.6 3 300 2 572 3;85 =~ 11.59
F-2 28.2 560 1. 00 1.12 1 009. 2 2 800 2 210 «5‘;95 17 11.43
F-3 28.2 480 1.20 112 1026.2 2 400 2 146 &1ns 7 12.61
F-4 28.2 340 1.50 1.15 1059.0 1 620 2 843 6‘125 = 14. 89
F-5 28.2 480 1. 00 1. 12 1 002. 6 2 400 2 830 3;95 = 10. 97
F-6 28.2 480 1.10 1.12 974.6 2 400 2 269 155 # 9.02
F-7 28.2 480 1.35 1.12 994. 8 2 400 2132 é‘;o = 10. 43
F-8 28.2 480 1.50 112 1023.2 2 400 1997 £1as 7 12. 40
F-9 41.3 660 0.90 1. 15 1388.4 3 300 2202 é‘;os 5 11.72
F-10 41.3 560 1.00 1.12 1422.0 2 800 2011 £105 7 14.05
F-11 41.3 480 1.20 112 1 405.0 2 400 2111 175 5 12.87
F-12 41.3 340 1.50 1.15 1 409. 6 1 620 2729 &1 2 13. 19
F-13 41.3 480 1. 00 1.12 1397.6 2 400 2 784 3195 = 12.35
F-14 41.3 340 1. 00 1.12 1377.0 1 620 2 081 Sigs = 10. 92
F-15 59.2 660 0.90 1. 15 1694.0 3300 2 059 6‘;35 i 10. 51
F-16 59.2 560 1. 00 1.12 1 696. 4 2 800 1 851 3;10 N 10. 68
F-17 59.2 480 1.20 1.12 1748.0 2 400 1811 £100 7 14.26
F-18 59.2 340 1. 50 1.15 1749.6 1620 2 152 .5‘;25 & 14. 37
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Fig. 12 Surface fitting of specimens with meshed
indirect steel bars
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Fig. 13 Surface fitting and lower envelope of specimens
with meshed indirect steel bars
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Tab. 12 Upper limit test values of volume reinforcement ratio

cor

of meshed indirect steel bars with different grades under yielding

Je RN A

WHERAT  EMSRE PR

SEESY f/MPa  E_/10°MPa  £,/107° P/ %
HPB300 340 2.1 1620 2.35
HRB400 480 2.0 2 400 1.07
HRB500 560 2.0 2 800 0. 84
HRB600 660 2.0 3300 0. 67
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Tab. 13 Upper limit design values of volume reinforcement ratio

cor

of meshed indirect steel bars with different grades under yielding

EEERAS  BIREEE O MMERGE RN AR

SRS f,/MPa E /10°MPa £,/107° Pr.mu/ o
HPB300 340 2.1 1 620 2.02
HRB400 480 2.0 2 400 0.94
HRB500 560 2.0 2 800 0.75
HRB600 660 2.0 3 300 0. 60
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Fig. 14  Fitting curve and lower envelope curve

(with 95% guarantee rate) of tensile strain of meshed
indirect steel bars when concrete fails under local pressure
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Tab. 14  Comparison of estimated and test values of

tensile strain of meshed indirect steel bar

ke £/ Eu/ p eut end  Ewt

4% MPa 10°MPa % P 10°° 10°° e,
F-1 282 2.0 0.90 1.15 2460 2572 0.956
F-2 282 2.0 100 1.12 2340 2210 1.059
F-3 282 2.0 120 1.12 2201 2146 1.026
F-6 282 2.0 1.10 1.12 2264 2269 0.976
F-7 282 2.0 1.35 112 2124 2132 0.998
F-8 282 2.0 1.50 1.12 2062 1997 0.996
F-9 41.3 2.0 0.90 1.15 2158 2202 1.033
F-10 41.3 2.0 100 1.12 2076 2011 0.980
F-11 413 2.0 120 112 1981 2111 1.032
F-15 59.2 2.0 0.90 1.15 1961 2059 0.953
F-16 59.2 2.0 1.00 1.12 1904 1851 1.029
F-17 59.2 2.0 1.20 1.12 1838 1811 1.015
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