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Study on calculation model of bending bearing capacity of
unbonded prestressed concrete beams
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Abstract: By selecting the simply supported concrete beam prestressed with unbonded steel tendons under four-
point loading as the research object, the stress increment of prestressed reinforcement was calculated by simplifying
the actual curvature distribution. And a calculation model of flexural bearing capacity of the unbonded prestressed
concrete beam was put forward based on the overall deformation and plastic hinge distribution characteristics of the
concrete beam. The flexural bearing capacity calculation model was verified by 77 unbonded prestressed concrete
beams, and was compared with ACI 318 code and other model. Good agreement between experimental results and
predicted results was achieved with an average ratio of test values to predicted values being 1. 046, the variance
being 0. 071, and the coefficient of variation being 0. 256. Compared with the other models, the proposed model in
this paper reasonably reflects the real curvature distribution of the prestressed concrete beams, and the flexural

bearing capacity can be calculated more accurately.

Key words: unbonded prestressing; curvature distribution;plastic hinge;flexural bearing capacity
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Tab. 1 Comparison of flexural strength between test results and prediction results of unbonded prestressed reinforced concrete
. BB LA A& A f fe e f M, AR Lee A" ACT 31812
i %% /om* Jwm /mm® /mm® Jmm®  /MPa /MPa /MPa  /MPa JkN. m M, M./M, M, M,/M, M, M./M,
A1 160X280 4200 157 0 38.8 267 1460 960 3.6 311 21.5 1131 2.7 1125 24.6 1.263
A2 160X280 4200 157 0 98.9 430 1465 904 30.6  46.8 13.2 1.084 42.9 1.091 36.8 1.27
A3 160X280 4200 236 0 156.8 430 1465 820 30.6  63.6 38.5 1.088 55.8 1.1 50. 8 1.252
A6 160X280 4200 462 0 156.8 400 1465 854 30.6 724 70.3 1.030 68. 6 1.057 66. 5 1.089
A9 160X280 4200 804 0 156.8 395 1465 920 3.1 1025 90.3 1.136 89.9 10141 90.1 1.139
Bl 160X280 4200 157 0 58.8 267 1645 1008 5.8 30.3 2.7 1.094 35.1 0.864 26.8 1.132
(3] B2 160X280 4200 157 0 98.8 430 1645 987 45,8 50.4 18.3 1044 48.8 1.033 40. 6 1.43
B3 160X280 4200 236 0 156.8 430 1645 963 2.5 6L0 67.5 0.904 70.3 0.868 57.6 1.06
C1 160X280 4200 157 0 58.8 389 1460 905 3.1 336 31.8 1.057 32.0 1.051 28.6 1177
C3  160X280 4200 236 0 156.8 485 1465 825 3.1 67.3 62.0 1. 086 59.2 1.138 5.2 1.243
C7 160X280 4200 308 0 39.2 485 1465 955 3.1 446 15.2 0.987 5.7 0.976 44,3 1.008
C9  160X280 4200 804 0 156.8 505 1465 903 3.1 100 100.1 L0099  100.7  L.004 1015 0. 995
4A-la 160X310 2500 226 0 79 47,5 1435 966.5 456 56.92 534 1. 066 53.8 1.058 7.2 1. 206
4A-2a 162X310 2500 308 101 79 4191 1435 916.4 456 65.25  60.8 1.073 61.0 1.07 5.8 1.192
4A-3a 165 X310 2500 102 157 79 392.8 1435 923 5.6 68.67 683 1,005 68. 4 1. 004 63.0 1.091
6A-4a 170X305 2500 509 226 118 391 1435 9719 456 85.92 875 0. 982 90.1 0.954 82.7 1.04
[4]  8A-5a 160X310 2500 628 308 157 4169 1435 995.2 45,6 105.67 115.2  0.917 1171 0.903  110.4 0.958
2B-1a 160X300 3500 226 0 79 47,5 1435 10203 45.6  39.67  5L2 0.775 39.6 1.003 37.2 1. 066
4B-2a 170X305 3500 308 101 79 419.1 1435 952 45.6  63.8 39.0 1.081 60.0 1.063 .4 1173
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%% /om* Jum /o’ /mm® Jmm®  /MPa /MPa  /MPa  /MPa JkN. m M, M./M, M, M,/M, M, M,/M,
4B-3a 165X300 3 500 402 157 79 392.8 1435 905.9 45,6 65.46 64.5 1015 65.7 0.997 60.1 1.091
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8B-5a  165X325 3500 628 308 157 416.9 1435 996.6 45,6 1212 113.1 1.072 124.8 0.971 117.6 1.031
Al-1 - 150X300 3 400 100 0 137 261 1406 1028  35.6 93,5 49.0 1.092 47.8 112 41.8 1.282
[19] BI-1  150X300 3 400 151 0 137 260 1406 7027 34.8 50.6 50.6 1.000 50.2 1.008 4.3 1143
CI-T - 150%300 3400 314 0 137 344 1 406 827 34.8 67.1 66.5 1.009 9.1 1137 2.8 127
DI-1 - 150X300 3400 452 0 137 379 1406 1039  39.1 80. 6 80.1 1,006 4.6 1.081 7.3 1132
UPC-1 300X400 4 200 1140 402 280 985 1900 1045.69 416  30L.11  32L5 0.937 317.6 0. 949 308.0 0.978
[22]  UPC-5 300X400 4 200 603 402 280 466 1900 1127.28 245 212.82  213.5 0.997 205.5 1.036 188.9 1127
UPC-6 300X400 4 200 603 402 280 376 1900 1086.81 245 190.38  195.8 0.972 191.2 0. 996 170. 6 L7
G1-0.5 205X330 5310 1 63 79.28 383 1741 1270 29 52 42.8 1215 43.5 1.197 39.1 1.331
GI-1.0 205X330 5310 142 63 79.28 383 1741 1249 29 013 90.0 1. 146 50.7 1.132 46.1 1244
GI-1.5 205330 5310 213 63 79.28 383 1741 1249 30.6 66.1 oT.3 1154 58.0 114 3.7 1.23
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2 160X280 3300 200 14 148 400 1584 1065 32 63.3 60. 8 1041 5.2 1.107 52.4 1.209
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