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Research on the Existence of the Shortest Path of Strength
Reduction in the Limit Analysis of Shallow Buried Tunnel

WANG Wei', ZOU Jianghai,ZHANG Xuemin,ZHANG Hengwen
(School of Civil Engineering, Central South University,Changsha 410075, China)

Abstract: The strength reduction theory of the shortest path was used in the analysis of finite element
strength reduction and limit equilibrium strength reduction, the cohesion and internal friction angle were
assumed to be reduced by different reduction factor, and the reasonable reduction ratio of cohesion to inter-
nal friction angle was discussed in the case of double parameter strength reduction. Considering the
influence of the buried depth of the tunnel and tunnel span, the existence of strength reduction of the shor-
test path in the limit analysis of shallow buried tunnel was proved. The results show that,in the shortest
path of the strength reduction of shallow buried tunnel, with the increase of cohesion and internal friction
angle reduction ratio, the reduction factor of cohesion increases gradually, the reduction factor of internal
friction angle decreases gradually, the reduction path length decreases first and then increases, the
reduction ratio and path length approximation follow a parabolic distribution, which proves the existence of
the shortest path.In the shortest path of the strength reduction, the reduction range of the cohesion is grea-
ter than the internal friction angle,and with the increase of buried depth, the reduction range is gradually
approaching.
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Fig.1 Schematic diagram of the shortest

path of strength reduction
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Tab.1 Path length under different reduction ratio

RTIRRECH Fo W F,o=F /A R3, 22 78 1.1

A F. F L?
~2.0 F, gl F, WfE, BY F, IEH P18, F LA AF, 0.5 1.384 2,768 0.485
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WREN F, o Fo=AF AR AT i RE 0 HE T 0.8 1.517 1.897 0.340
{ﬁﬁ%@}{%ﬁﬂ&—l 3 Fﬁ‘ﬂ? 0.9 1.563 1.736 0.309
ol - I - 1.0 1.606 1.606 0.285
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A F. F, L?

1.2 1.679 1.399 0.245
1.3 1.721 1.324 0.235
1.4 1.759 1.256 0.228
1.5 1.793 1.196 0.222
1.6 1.834 1.146 0.223
1.7 1.876 1.104 0.227
1.8 1.971 1.095 0.250
1.9 2.069 1.089 0.274
2.0 2.168 1.084 0.296
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Fig.4 Path length under different reduction factor
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Tab.2 Path length under different H/D

H/D=0.5 H/D=15
F. F, L? F. Fo L?
0.5  1.662 3.324  0.647 1169 2338  0.349
0.6 1704 2.841 0591 1219 2032  0.290
0.7 1740 2486 0538 1.267 1.810  0.245
0.8 1771 2214 0490 1315 1.643  0.211
0.9 1811 2012 0454 1360 1512  0.185
1.0 1.818  1.818  0.405 1404 1404  0.166
11 1.841  1.674 0371 1428 1298  0.142
1.2 1.895 1579  0.357 1478 1232 0.140
1.3 1.929 1484 0338 1504 1157  0.131
L4 1969  1.406 0.326 1562 1116  0.140
1.5 1.996  1.331 0311 1.643  1.096  0.161
1.6 2033 1271 0304 1740 1087  0.187
1.7 2035 1197 0286 1.839  1.082  0.214
1.8 2090 1161 0291  1.939 1077  0.240
1.9 2135 1124 0295 2,040 1074  0.265
2.0 2175 1.088 0298 2142 1071  0.289
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Fig.5 Reduction factor and path length
under different H/D
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Tab.3 Fitting formula under different H/D

H/D masK L) Pioe
0.5 y =0.227 522—0.7942+0.982 5 1.745 0.996 9
1.0y =0.272 222—0.803 5x+0.814 5 1.476 0.997 7
1.5y =0.325 322 —0.832x+0.672 1 1.279 0.978 4
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Tab.4 Path length under different H/D

H/D=0.5 H/D=1.0 H/D=15
F, L? F, L? F, L?

0.5 3.358 0.657 2.130 0.285 1.630 0.201
0.6 2.882 0.604 1.850 0.221 1.431 0.118
0.7 2.542 0.560 1.653 0.175 1.287 0.062
0.8 2.284 0.521 1.510 0.144 1.178 0.027
0.9 2.084 0.488 1.383 0.115 1.092 0.007
1.0 1.922 0.460 1.287 0.100 1.023 0.001
1.1 1.789 0.436 1.209 0.091 0.967 0.005
1.2 1.678 0.417 1.142 0.089 0.918 0.016
1.3 1.583 0.400 1.085 0.091 0.876 0.035
1.4 1.502 0.387 1.035 0.097 0.840 0.059
1.5 1.431 0.376 0.993 0.108 0.809 0.087
1.6 1.368 0.367 0.956 0.122 0.781 0.119
1.7 1.313 0.361 0.922 0.138 0.752 0.156
1.8 1.253 0.351 0.892 0.157 0.734 0.191
1.9 1.219 0.355 0.839 0.176 0.715 0.229
2.0 1.188 0.360 0.865 0.202 0.697 0.269
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under different H/D
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Tab.5 Fitting formula under different H/D

H/D BAAR (Lmin) gﬁf
0.5 y=0.175 722—0.628 1x+0.917 1 1.787 0.997 4
1.0y =0.274 122—0.707 42-+0.547 1.303 0.958 5
1.5y =0.369 1x2—0.8282+0.478 7 1.121 0.943 5

A=0.1937+0.079 1

B=-—0.083n2+0.035 , B
—0.59 —0.082 6n° —0.034 7n—0.59 1
oy 0.386 820157 4

n(0.5<< y=Ax?
n<1.5) +Bx+C

C=0.604n2—1.646n
+1.589
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Fig.10 The relationship curves between the reduction

ratio and the path length under different methods
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