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Diffusion laws of horizontal additional stress in a new prestressed subgrade

: 1,2 -1 1,2 : 1 :1,2 1,2 : 1
LENG Wu-ming " “, Al Xi', XU Fang"“, ZHANG Qi-shu’, YANG Qi “, NIE Ru-song"“, LIU Xiao-hao
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Abstract: Based on the theory of elasticity, the theoretical formulas are derived to calculate the horizontal additional stress (o)
in a new type prestressed embankment, and the diffusion laws of the additional stress from the slope surface to the inside of the
embankment are revealed. Meanwhile, a 3D finite element model for a prestressed embankment is established to analyze the
distribution of the horizontal additional stress in the prestressed embankment with different placement positions of the lateral
pressure plate. The results show that: (1) The application condition of the theoretical formulas requires that the net spacing
between the lateral pressure plate and the embankment shoulder should be more than 2.0 m. (2) In the region covered by the
lateral pressure plate, the horizontal additional stress coefficient as well as its attenuation rate gradually decreases with the
increase of the horizontal distance from the slope surface, and the distribution of oy gradually transits from a “raised abdomen”
pattern to a relatively uniform “flat abdomen” one. (3) When the distance away from the lateral pressure plate is greater than 0.1
m, the additional stress coefficient of oy increases first and then decreases with the increasing horizontal distance, and the
horizontal distance between the peak point and the slope surface increases as the epitaxial distance increases; (4) A continuous,
stable and effective pressure-reinforced zone is likely to be formed when the spacing of the lateral pressure plate is properly
designed, therefore, the stress state of the embankment soil and the overall service performance of the embankment can be
improved. The research findings can provide theoretical bases and references for the design and promotion application of the
prestressed embankments.
Key words: prestress; subgrade; lateral pressure plate; horizontal additional stress; diffusion law; plate spacing
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Fig. 1 Schematic diagram of prestressed embankment
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Fig. 2 Cross section of prestressed embankment
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Table 1 Horizontal additional stress coefficient K under lateral pressure plate (6=45° )

KPR h/m
L/m B/m
0.1 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.0 2.2 24
0.0 0.132 0.189 0.222 0.225 0.221 0.212 0.197 0.176 0.153 0.132 0.113 0.097 0.084
0.2 0460 0413 0352 0313 0.284 0.252 0.217 0.183 0.153 0.128 0.108 0.092 0.079
0.0 0.4 0.579 0.523 0432 0374 0318 0.262 0.213 0.174 0.143 0.119 0.100 0.085 0.073
0.6 0.659 0.588 0.483 0.390 0.305 0.240 0.191 0.155 0.128 0.107 0.090 0.077 0.066
0.8 0.718 0.624 0450 0.330 0.254 0.201 0.162 0.133 0.111 0.093 0.079 0.068 0.059
1.0 0.504 0412 0310 0.244 0.197 0.161 0.133 0.111 0.094 0.080 0.069 0.060 0.053
0.0 0.307 0.338 0317 0.291 0.269 0.249 0.224 0.196 0.167 0.142 0.120 0.102 0.087
0.2 0.850 0.668 0.486 0.397 0.343 0.293 0.245 0.202 0.166 0.137 0.115 0.097 0.082
01 0.4 1.009 0.810 0.583 0468 0.379 0.301 0.238 0.190 0.154 0.127 0.105 0.089 0.076
0.6 1.110 0.890 0.642 0.481 0.357 0.271 0.211 0.168 0.136 0.113 0.094 0.080 0.069
0.8 1.189 0933 0.583 0.396 0.291 0.223 0.176  0.142 0.117 0.098 0.083 0.071 0.061
1.0 0.769 0.562 0379 0.283 0.220 0.176 0.143 0.118 0.099 0.084 0.072 0.062 0.054
0.0 0.299 0.377 0379 0343 0311 0.281 0.248 0.213 0.179 0.150 0.126 0.106 0.091
0.2 0906 0.765 0.577 0.466 0.393 0.329 0269 0.218 0.177 0.145 0.120 0.100 0.085
02 0.4 1.093 0932 0.690 0.546 0.432 0.335 0.260 0.204 0.163 0.133 0.110 0.092 0.078
0.6 1.211 1.025 0.757 0.556 0.403 0.299 0.228 0.179 0.144 0.117 0.098 0.082 0.070
0.8 1.303  1.074 0.682 0.452 0.323 0.243 0.189 0.150 0.123 0.102 0.085 0.073 0.063
1.0 0.869 0.656 0436 0317 0241 0.189 0.151 0.124 0.103 0.087 0.074 0.064 0.056
0.0 0.288 0.382 0409 0378 0.341 0306 0.266 0.226 0.188 0.157 0.131 0.110 0.093
0.2 0914 0.795 0.627 0.512 0430 0356 0.288 0.231 0.185 0.150 0.124 0.103  0.087
03 0.4 1.117 0979 0.751 0.599 0471 0.361 0.276 0.215 0.170 0.137 0.113 0.094 0.080
0.6 1.247 1.080 0.824 0.609 0.437 0.320 0.241 0.187 0.149 0.121 0.100 0.084 0.072
0.8 1.346 1.134 0.744 0.493 0.348 0.258 0.198 0.157 0.127 0.104 0.087 0.074 0.064
1.0 0911 0.706 0475 0.342 0.257 0.199 0.158 0.128 0.106 0.089 0.076 0.065 0.056
0.0 0.282 0.382 0421 0397 0359 0321 0.278 0.234 0.194 0.161 0.133 0.112 0.094
0.2 0915 0.805 0.651 0.538 0.452 0.373 0300 0.238 0.191 0.154 0.126 0.105 0.088
04 0.4 1.127 0997 0.781 0.629 0.495 0377 0.287 0.221 0.175 0.140 0.115 0.096 0.081
0.6 1.263 1.104 0.857 0.639 0458 0.333 0.249 0.192 0.152 0.123 0.102 0.085 0.073
0.8 1.365 1.160 0.776 0.517 0.363 0.267 0.204 0.160 0.129 0.106 0.089 0.075 0.064
1.0 0930 0.730 0.498 0.358 0.266 0.205 0.162 0.131 0.108 0.090 0.076 0.066 0.057
0.0 0.281 0.381 0425 0402 0365 0326 0.282 0.237 0.196 0.162 0.134 0.112 0.095
0.2 0915 0.808 0.657 0.546 0460 0.379 0.304 0.241 0.192 0.155 0.127 0.105 0.089
0.4 1.129  1.002 0.790 0.639 0.503 0.383 0.290 0.224 0.176 0.141 0.116 0.096 0.081
0.5 0.6 1.267 1.111 0.867 0.649 0.465 0337 0.252 0.194 0.154 0.124 0.102 0.086 0.073
0.8 1.371 1.168 0.786 0.525 0.369 0.270 0.206 0.162 0.130 0.107 0.089 0.075 0.065
0.9 1.392  1.051 0.647 0.441 0317 0.237 0.184 0.146 0.119 0.098 0.083 0.071 0.061
1.0 0935 0.737 0.505 0.363 0.270 0.207 0.163 0.132 0.108 0.091 0.077 0.066 0.057
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Fig. 8 Calculation zones outside plate
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