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In this paper, the ultimate bearing capacity and failure mechanism of cohesive frictiond soils
with shdlow tunnds of various cross sections in plain drain condition are theoreticdly
invegtigated. This problem correspondsto drain loadings and theinterndl tunnel pressureis st
as zero. Not only dreular but dso dlipse, flat, horseshoe, rectangular and square tunndls are
usad asthe shape of tunndls Theinfinity loading, and the smooth and rough conditionsfor the
interface between the loadings and soils are d 0 conddered. For a series of tunnd geometries
and materid properties, rigorous pladticity solutions for the ultimate bearing capacity are
obtained by appling recently developed limit andysis methods a the University of Newcedle.
The methods are based on both the limit theorems and finite dements, and leed to large
nonlinear programming problems. The results are presented in the form of dimendonless
dability chartsfor practica use and dosdy 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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Fig. 3. Plagtic zones and power dissipations for dlipse tunnd
(H/D=1, =35" , ¥Dlc=1, roughinterface).

o,/c=12.05

Fig. 4. Plagtic zones and power disspetions for dlipse tunnd
(HID=2, 4=20° , ¥Dlc=1, roughinterface).

Fig. 5. Plagtic zones and power dissipations for dlipse tunnel
(HID=2, 4=35" , ¥Dlc=1, roughinterface).
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FHg. 6. Pladic zones and power disspations for fla tunne
(HID=1, =35" , ¥Dlc=1, roughinterface).

® Jo./c=1061

o /c=10.36

Fig. 7. Padtic zones and power disspations for flat tunnd
(HID=2 $=20°" , ¥ DIc=1, roughinterface).

O _oylc-10248

Fg. 8 Padic zones and power disspations for fla tunnd
(HID=2, 6=35" , »DIc=1, rough interface).



Hg. 9. Pladtic zones and power disspations for circular tunnel
(H/D=1, =35" , ¥Dlc=1, roughinterface).

® No./c=9.29

Hg. 10. Pladtic zones and power disspaionsfor dircular tunnel
(H/D=2, $=20° , ¥Dlc=1, roughinterface).

b |os/c=11152

Fig. 11. Padtic zonesand power disspationsfor drcular tunnel
(HID=2, 4=35" , ¥Dlc=1, roughinterface).
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Fg 12. Padic zones and power disspaions for gmdl
horseshoetunnd (H/D=1, 4=35" , ¥ D/c=1, roughinterface).

@

o,/c=8.74

@)

o /c=9.35

Fg. 13. Padic zones and power disspaions for gmdl
horseshoetunnd (H/D=2, p=20° , »Dic=1, roughinterface).

() o,/c=12356

Fg. 14. Pagic zones and power disspations for smdl
horseshoetunnd (H/D=2, =35, »DIc=1, rough interface).



Hg. 15. Padic zones and power disspations for large
horseshoetunnd (H/D=1, =35, »DIc=1, rough interface).

Fig. 16. Pladic zones and power disspaions for large
horseshoetunnd (H/D=2, 4=20°" , »DIc=1, rough interface).

@ |og/c=80.48

Fg. 17. Padic zones and power dissipations for large
horseshoetunnd (H/D=2, 4=35" , ¥ D/c=1, roughinterface).
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Fg. 18. Pladtic zones and power disspations for rectangular
tunnd (H/D=1, 4=35" , ¥ D/c=1, roughinterface).

Fg. 19. Pladic zones and power disspations for rectangular
tunnd (H/D=2, =20° , ¥ DIc=1, roughinterface).

o /c=80.91

Fg. 20. Pladtic zones and power disspations for rectangular
tunnd (H/D=2, 4=35" , »DIc=1, rough interface).



Table 1. Areas of various cross sections.

ellipse | rectan- flat smal | circle | large | square
gular horse- horse-
shoe shoe
6.3 8.0 9.4 10.3 12.6 14.3 16.0
(0.50) | (0.63) | (0.75) | (0.82) | (1.00) | (1.13) | (1.27)
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Fig. 21. Stability boundsfor dlipsetunnd (=20, 35 , rough
interface).
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Fig. 23. Stability bounds for dircular tunnd  ( ¢=20, 35°
rough interface).
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Fg. 22. Stability bounds for flat tunnd (=20, 35  , rough
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Fg. 24. Sability bounds for amdl horseshoe tunnd
35, roughinterface).

-925-

(4=20,



20

—a— y D/c=0(LB) (@ ¢=20°

15 1] v brc=2018)

y D/c=2(UB)
-y D/c=3(L8) =
—>—y D/c=3(UB) _~
&
0 //
=
as/c / == =
5 ==L
= I
[ r/_: ————— >
L ==
—
0 P
TE e e
-5
10 15 20 25 30
H/D
300

T
~A—y D/c=0(LB)

250 |-| —— brc=1(U8)

>
—>— D/c=3(UB) /f
200
d v
4
2 \
os/C 150 7

100

Fg. 25. Sahility bounds for large horseshoe tunnd (=20,
35, roughinterface).

25 T
—a—y D/c=0(LB) @ ¢=20°
gal=
A—y D/c= y
20 1| ——v d/c=1(uB) A
—A—y D/c=2(LB; 1
——y D/c=2(U) -
~—y D/c=3(LB) ~
—>—y D/c=3(UB) _-
15 / ~
P
B
// -
i _-
as/c 10 - -
- - -
= - —A— -~
_ =
= ==~
5 =
== — - —-——
[ e S
ﬂ/
O s
5
10 15 20 25 30
H/D
400

—a—y D/c O(LB) ,
—w—y e0R) /
350 - —2—y D/c=1(LB)
——y D/ =1(UB) L
-y D/c=2(18)
——y D/c=2(UB)
300 - —a—y D/c=3(LB)
—o—y D/c=3(UB)

250 P
e
.
US/C200 = s
<~
150 s A7
YA
/ s 7 P
100 e
~ z
,;;Z//i/ -
50 e
T
ZZ-—— (b) ¢=35
E
10 15 20 25 30

Fig. 26. Sability bounds for rectangular tunnd (=20, 35",
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