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In this paper, the ultimate bearing capacity of cohesive frictional soils with shallow tunnels in
plain strain condition is investigated. This problem corresponds to drain loadings and the
internal tunnel pressure is set as zero. Both circular and square tunnels are used as the shape of
tunnels. The infinity and finite loadings, and the smooth and rough conditions for the interface
between the loadings and soils are also considered. For a series of tunnel geometries and
material properties, rigorous plasticity solutions for the ultimate bearing capacity are obtained
by appling recently developed limit analysis methods at the University of Newcastle. The
methods are based on both the upper and lower bound theorems and finite elements, and lead
to large nonlinear programming problems that can be solved efficiently using special
algorithms. The results are presented in the form of dimensionless stability charts for practical
use and closely bracket the true ultimate bearing capacity for most cases.
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Fig. 1. Plain strain circular tunnel in cohesive frictional
soil.
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Fig. 2. Typical finite element meshes for circular tunnel
(H/D=3, rough interface).
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o, /c=3.46 o, /c=3.50

Fig. 3. Plastic zones and power dissipations for circular tunnel
(H/D=3, =10° , yDrc=1, smooth interface).

o,/c=252.4

(b) Po,/c=27025

Fig. 6. Plastic zones and power dissipations for circular tunnel
(H/D=3, 6=10° , yDvc=1, rough interface).

®) Wo,/c=293.86

Fig. 4. Plastic zones and power dissipations for circular tunnel
(H/D=3, 6=35° , v D/c=1, smooth interface).

o,/c=2526 o,/c=2596

Fig. 7. Plastic zones and power dissipations for circular tunnel
(H/D=3, $=35° , ¥D/c=1, rough interface).

Fig. 5. Plastic zones and power dissipations for circular tunnel
(H/D=1, $=35" , ¥ D/c=1, rough interface).

Fig. 8. Plastic zones and power dissipations for circular tunnel
(H/D=5, 6=10° , ¥ D/c=1, rough interface).
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o,/c=2.07

Fig. 9. Plastic zones and power dissipations for square tunnel
(H/D=3, 4=10" , ¥ D/c=1, smooth interface).

(b) o, /c=137.83

Fig. 12. Plastic zones and power dissipations for square
tunnel (H/D=3, #=10° , ¥D/c=1, rough interface).

%,
%,

o,/c=1214 b Ro,/c=149.92

Fig. 10. Plastic zones and power dissipations for square
tunnel (H/D=3, #=35" , ¥ D/c=1, smooth interface).

Fig. 13. Plastic zones and power dissipations for square
tunnel (H/D=3, $=35" , ¥D/c=1, rough interface).

o, /c=1.82

Fig. 11. Plastic zones and power dissipations for square
tunnel (H/D=1, =35" , ¥D/c=1, ough interface).

Fig. 14. Plastic zones and power dissipations for square
tunnel (H/D=5, ¢=10° , ¥D/c=1, rough interface).
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Fig. 16. Stability bounds for circular tunnel ( #=10, 20, 30,
357, rough interface).

Fig. 15. Stability bounds for circular tunnel ( #=10, 20, 30,
35° , smooth interface).
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Fig. 18. Stability bounds for square tunnel ( #=10, 20, 30,35° ,
rough interface).
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(a) plastic zones

o,/c=3131

(b) power dissipations

Fig. 19. Plastic zones and power dissipations for circular tunnel
with D=3 (H/D=3, $=30" , ¥ D/c=1, rough interface).

o,/c=5042

(a) plastic zones

o,/c=5123

(b) power dissipations

Fig. 20. Plastic zones and power dissipations for circular tunnel
with /D=3 (H/D=3, $=35" , ¥ D/c=1, rough interface).

o, /c=54.85

() plastic zones

o,/c=63.15

(b) power dissipations

Fig. 21. Plastic zones and power dissipations for circular tunnel
with L/D=4 (H/D=3, $=35" , ¥ D/c=1, rough interface).

o,/c=19.66

(a) plastic zones

(b) power dissipations

Fig. 22. Plastic zones and power dissipations for square tunnel
with /D=3 (H/D=3, $=30" , ¥ D/c=1, rough interface).

o, /c=3504

() plastic zones

(b) power dissipations

Fig. 23. Plastic zones and power dissipations for square tunnel
with L/D=3 (H/D=3, $=35" , v D/c=1, ough interface).

o,/c=38.46

(a) plastic zones

o,/c=51.52

(b) power dissipations

Fig, 24. Plastic zones and power dissipations for square tunnel
with /D=4 (H/D=3, $=35" , vD/c=1, rough interface).
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