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Collapse due to excavation being too far in advance
of the ring closure Subway tunnel in Germany (after Muller, 1978)
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" ----- Failure mechanisms: Ground collapse in heading

Number

Type of failure

lllustration of failure

() Heading in ground too weak for method

May be due to discrete zones of weakness
(discontinuities) including "greasy backs"

Bench failures may be transverse

or longitudinal

(a) Bench failures

(b) Crown failures
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Failure mechanisms: Ground coilapse in heading

Number Type of failure . lliustration of failure

(i) Weakness in crown
Due to vertical fissures, pipes
and man made features
(wells, etc.)

. 3 ~ .
R ey

Qi At
» Groundwater level -

(iii) Insufficient cover to overlaying
permeable water bearing strata

ST NN N R
NN NN NN NN

NN N N N N NN
NN N NN NN

(iv) insufficient cover to surface
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Failure mechanisms: Failure of lining before ring closure

Number Type of failure lliustration of failure
0 Bearing faiture of arch footings
(Typically entarged footings “Elephant’s feet”)
(i) Fallure due to horizontal movement
of arch footing
sHeavéd ground
0
iii) Failure of side gallery wall

2xnua 13: Turror aoToxiag onpayywv
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Failure mechanisms: Failure of lining before or after ring closure

Hlustration of failure

Number Type of failure (after ring closure)

i) Shear failure

(ii) Compression failure

(i) Combined bending and thrust

(iv) Punching failure

2xnua 14: Turmor aoToxiag onpayywv
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—PILOT TUNNEL
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230mm DIAMETER STEEL TUBES WITH FLANGES
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WATERPROOFING MEMBRANE
STEEL PIPES @1219.2mm

PILOT TUNNEL
T8M TUNNEL
PRIMARY LINING
SECONDARY LINING
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COMPARISON OF METHODS:

1. TWO-SIDE-WALLS + CENTRAL PILLAR,
2. MULTI-PHASE HEADING-BENCH-INVERT

e YO om
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Stage 5 excavation: displacements Stage 5 excavation: displacements

as

Completed excavation: yield points Completed excavation: yield points
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