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Masonry shear strength uniform model based on
the least energy consumption principle

CAI Yong

(School of Civil and Architectural Engineering, Central South University, Changsha 410075, China)

Abstract: The problems in the shearing strength calculating method about “code for design of masonry structures”(GB
50003—2001)and “code for seismic design of building”(GB 50011—2001) was analysed. With the least energy
consumption principle and the failure criteria of orthogonal anisotropic materials, the correlated formula of masonry
during combined shear-compression action was established. The correlated formula with experimental results was in
good agreement with each other. The three failure models about shear-friction, shear-compression, diagonal compression
can completely be expressed with this correlated formula. On the base of calculating bearing capacity with various
masonry material calculational examples, matching considerable experimental results, the calculation formula of the
static shear strength and the aseismatic strength was established, by which the shear strength value of the two codes was
improved. The calculation formula was expressed by axial compression ratio acting as main variable. The calculation
method can uniformly be used by the two codes to calculate shear strength. The proposed method can provide an
important reference to engineering design.
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Table 1 Comparison of static shear strength of concrete f/MPa
oof Tty
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Table 2 Vertical compressive stress coefficient of brick masonry aseismic shear strength
B sl
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
LS UL TN Wi 0.8 0.978 1.123 1.36 1.549 1.766 1.842 1.958 2.060 2.148
TR H 0.8 1407 1.819 2438 2903 3320  3.692 4215 4310 4582
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Table 3 Comparison of brick masonry vertical compressive stress coefficients

ao/fvo S|
0 1 3 5 7 10 15 20 A
B & 0.800 1.00 1.28 1.50 1.70 1.95 232 2.635
M5MUI10, oolf 0.073 0220 0367 0513 0.733 1.100
F=1.5MPa, Aok 0.800 1.048 1.400 1.658 1.858  2.090
fu5=0.11 MPa N/ 1.048 1.094 1.105 1.093 1.072 1.082
M5MUIS5, oolf 0.060  0.180  0.301 0.421 0.601 0.902 1.202
f~1.83MPa, Al 0.800 1.010 1317 1.550 1.737 1.960  2.226
fu=0.11 MPa N/ 1.010 1.029 1.033 1.022 1.005  0.959 1.010
M7.5MU15, oolf 0.068 0203 0338 0473 0.676 1.104
f=2.07MPa, APl 0.800 1.033 1.366 1.612 1.810  2.036
f,0=0.14 MPa N/ 1.033 1.067 1.075 1.065 1.044 1.057
M7.5MU20, oolf 0.059 0176  0.293 0410 058  0.879
=239 MPa, A3l 0.800 1.010 1310 1.537 1.721 1.943 2210
fu=0.14 MPa on/n 1.010 1.023 1.025 1.012 099  0.953 1.003
M10MU10, oolf 0.090 0270  0.450  0.630  0.900 1.350
F=1.89 MPa, A L 0.800 1.096 1.500 1.777 1.990 2225
£:0=0.17 MPa on/n 1.096 1.172 1.185 1.171 1.141 1.153
MI10MU15, oolf 0.074  0.221 0368 0515  0.746 1.104
=231 MPa, A3l 0.800 1.050 1.402 1.723 1.860 2.100
f,0=0.17 MPa on/n 1.050 1.095 1.149 1.094 1.077 1.093
M15MU30, oolf 0.043 0.129 0216 0302  0.431 0.647  0.863
f=3.94MPa, AL 0.800 0.955 1.198 1.392 1.552 1.751 2.010 2.197
f16=0.17 MPa ol 0.955 0936 0928 0913 0.898  0.866  0.834  0.904
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Table 4 Comparison of concrete block masonry vertical compressive stress coefficient
o0/f vo S By
0 1 3 5 7 100 15 20 25 30 35 40 k1A
M G 125 175 225 260 3.10 395 480 5.65
Mb7.5MU7.5, oolf 0.041 0.124 0207 0290 0.415 0.622 0.829
=193 MPa, AXH sl 080 1318 1.986 2475 2.878 3.389 4.082 4.657
Sw=0.08 MPa N/ 1.054 1.135 1.100 1.107 1.093 1.033 0.970 1.070
Mb7.5MU10, oolf 0.032 0.096 0.160 0.224 0.320 0.480 0.640 0.800
f=25MPa, AL 080 1.224 1.791 2212 2563 3.010 3.611 4.136 4.582
/0=0.08 MPa /et 0.979 1.023 0.983 0.986 0.971 0914 0.862 0.811 0.941
Mb10MUI10, oolf 0.032 0.097 0.161 0.226 0.323 0484 0.645 0.806
F279MPa, AL 080 1.224 1.797 2218 2574 3.022 3.637 4.151 4.598
J10=0.09 MPa In N 0.979 1.027 0.986 0.990 0.975 0.921 0.865 0.814 0.945
Mb10MUI5, oolf 0.022 0.067 0.112 0.157 0224 0336 0.448 0.560 0.672 0.784
f=4.02MPa, AL 080 1110 1.562 1910 2.204 2.580 3.110 3.560 3.96 4.320 4.656
Jv0=0.09 MPa N/ 0.888 0.893 0.849 0.848 0.832 0.787 0.742 0.700 0.817
Mb15MUI15, olf 0.020 0.059 0.098 0.137 0.195 0.293 0.390 0.49 0.586 0.781
f=4.61 MPa, Aol 080 1.085 1.490 1.805 2.071 2.411 2.892 3.294 3.658 3.972 4532
/:0=0.09 MPa N/ 0.868 0.851 0.802 0.797 0.778 0.732 0.686 0.647 0.770
Mb15MU20, oolf 0.016 0.048 0.079 0.111 0.158 0.238 0.317 0.396 0.475 0.633
F=5.68 MPa, Al 080 1.034 1.388 1.659 1.898 2201 2.634 2.997 3.317 3.610 4.115
J10=0.09 MPa n N 0.827 0.793 0.737 0.730 0.710 0.667 0.624 0.587 0.710
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