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Upper bound andysis of cohesive-frictiond soilswith ashdlow dircular tunnel

*

Kentaro YAMAMOTO
* 890-0065 1-21-40

The ultimate bearing cgpadity and the falure mechaniam of cohesvedfrictiond soil with
indusion of a shdlow drcular tunnd have bean theordticaly and numericdly investigated
assuming plain grain conditions. Despite the importance of foundations gahility above such
tunndslopenings, research on this subject has been vaery scarce. At present, no generdly
acoepted design or andys's method is available to evauate the ultimate bearing capecity of
cohesivefrictiond soils with shdlow tunnd indusions. In this Sudy a continuous loading is
applied to the ground surface, and the samooth interface conditions between the loading and
snils are modeed. For a series of tunnd geometries, shapes and materid properties, rigorous
upper and lower bound solutions for the ultimate beering cgpacity of conddered soil massare
obtained by applying recently developed limit andysis methods. For practica sitability the
resUlts are presented in the form of dimensionless stability charts, with the actud bearing
cpadities being dosdy bracketed from above and blow. As an additiond check and dso a
handy practicd meens, the upper bound rigid block mechaniams for drcular tunnels have
been developed and the obtained values of collgpse loads were compared with the results of
numericd limit andyds
KeyWords shallow tunndl, bearing capadity, upper bound analysis limit analyss
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Fig. 3. Upper bound block mechaniam 2

Hg. 4. Upper bound block mechanism 3
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Table 1. Comparison of upper bound vaues from variousrrigid block mechanisms
H/D o (deg) Mechanism 1 Mechanism 2
1y D/c'=0]y D/c'=1]y D/c'=2]y D/c'=3]y D/c'=0]y D/c'=1]y D/c'=2]y D/c'=3
0 2.83 174 0.64 -045 2.56 1.40 0.22 -1.00
5 3.76 2.53 1.30 0.07 3.15 1.89 0.62 -0.67
1 10 5.64 4.13 2.62 111 4.04 2.64 1.23 -0.19
15 11.68 9.26 6.84 4.42 5.52 3.89 2.25 0.60
20 NA NA NA NA 10.40 6.36 4.31 2.24
0 4.90 2.80 0.70 -141 3.78 1.56 -0.70 -2.99
5 8.57 5.80 0.24 0.24 5.10 2.59 0.07 -2.47
2 10 35.98 28.16 6.18 12.50 7.53 454 1.52 -155
15 NA NA NA NA 13.14 9.20 5.16 0.93
20 NA NA NA NA 33.61 26.95 20.06 12.78
0 6.93 3.82 0.72 -2.38 4.71 145 -1.85 -5.17
5 17.59 12.35 7.10 1.85 6.85 3.06 -0.75 -4.60
3 10 NA NA NA NA 1158 6.77 1.83 -3.36
15 NA NA NA NA 27.35 19.88 12.05 3.36
20 NA NA NA NA 229.19 | 20139 [ 172.78 | 142.98
H/D o (deg) Mechanism 3 Mechanism 4
Iy D/c'=0]y D/c'=1]y D/c'=2]y D/c'=3]y D/c'=0]y D/c'=1]y D/c'=2]y D/c'=3
0 2.54 1.36 0.13 -1.15 2.62 149 0.34 -0.82
5 3.10 1.81 0.50 -0.84 3.22 1.99 0.75 -0.50
1 10 3.92 249 1.04 -043 4.13 2.75 1.36 -0.02
15 5.23 3.58 101 0.23 5.64 4.03 241 0.79
20 7.57 5.55 3.52 1.46 8.55 6.53 4.50 2.45
0 3.68 1.40 -0.93 -3.29 3.84 1.65 -0.56 -2.78
5 4.85 2.30 -0.27 -2.85 5.18 2.70 0.21 -2.28
2 10 6.87 3.89 0.87 -2.18 7.63 4.66 1.67 -1.35
15 10.99 7.23 3.37 -0.64 13.28 9.35 5.33 1.15
20 22.07 16.65 11.00 4.92 33.86 27.17 20.26 12.98
0 4.50 117 -2.21 -5.62 4.77 154 -1.71 -4.97
5 6.31 2.50 -1.33 -5.18 6.92 3.16 -0.62 -4.41
3 10 9.88 5.23 0.48 -4.49 11.68 6.88 1.98 -3.13
15 19.08 12.70 5.96 -1.68 27.51 20.03 12.20 3.57
20 58.97 47.62 35.57 22.22 229.73 | 201.72 | 172.93 | 143.03
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Hg. 6. Comparison of rigid block mechanismwith numericd limit andyss(H/D=1,¢ '=5° ,y D/c =1, amooth interface).
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Fig. 12. Comparison of stability bounds for circular tunnel (¢ '=0, 5, 10, 15,20° , smooth interface).
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