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Effect of a frontal impermeable layer on the excess slurry pressure
during the shield tunnelling in the saturated sand

Yong-Jun Lee, Sang-Duk Lee

ABSTRACT Slurry type shield would be very effective for the tunnelling in a sandy ground, when the slurry
pressure would be properly adjusted. Low slurry pressure could cause a tunnel face failure or a ground settlement
in front of the tunnel face. Thus, the stability of tunnel face could be maintained by applying an excess slurry
pressure that is larger than the active earth pressure. However, the slurry pressure should increase properly
because an excessively high slurry pressure could cause the slurry flow out or the passive failure of the frontal
ground. It is possible to apply the high slurry pressure without passive failure if a horizontal impermeable layer
is located in the ground in front of the tunnel face, but its location, size, and effects are not clearly known yet.
In this research, two-dimensional model tests were carried out in order to find out the effect of a horizontal
impermeable layer for the slurry shield tunnelling in a saturated sandy ground. In tests slurry pressure was
increased until the slurry flowed out of the ground surface or the ground fails. Location and dimension of the
impermeable layer were varied. As results, the maximum and the excess slurry pressure in sandy ground were
linearly proportional to the cover depth. Larger slurry pressure could be applied to increase the stability of the
tunnel face when the impermeable layer was located in the ground above the crown in front of the tunnel face.
The most effective length of the impermeable grouting layer was 1.0~ 1.5D, and the location was 1.0D above
the crown level. The safety factor could be suggested as the ratio of the maximum slurry pressure to the active
earth pressure at the tunnel face. It could also be suggested that the slurry pressure in the magnitude of 3.5~4.0
times larger than the active earth pressure at the initial tunnel face could be applied if the impermeable layer
was constructed at the optimal location.

Keywords: Slurry type shield, initial tunnel face pressure, maximum slurry pressure, excess slurry pressure
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Anagnostou & Kovari(1996)+= 2H3 o]alo]| Wj}od Membrane Model-2 A28l A Filter cake
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. H= 5m;H,=6m
80 N b H=20m;H, =5m
\C . H=10m;H,=5m
60 . 9 H=10m;H,=0m
td H=10m;H, =10m
" a

Excess Pressure
Ap (kPa)

15 20 25 30 35 40
Friction Angle ¢

2 st =A =1 0|52 Ap(Anagnostou and Kovari, 1994)

B 1 L2 0|7t HEoMe 2 XIXIE I8t 0|7t Atzl(Kanayasu & 1995)

Support pressu, ,

7.04 |cohesive soil earth pressure at rest

6.63 |gravel water pressure + 10~20 kPa
7.45 |sandy soil loose earth pressure + water pressure + fluctuating pressure

6.84 |soft cohesive soil, diluvial sandy soilfactive earth pressure + water pressure + fluctuating pressure(= 20 kPa)

10.58 |sandy soil, cohesive soil active earth pressure + water pressure + fluctuating pressure(20 kPa)

7.25 |sandy soil, gravel, soft cohesive soil|water pressure + 30 kPa

7.45 |sandy soil, cohesive soil, gravel water pressure + 30 kPa

10.0 |sandy soil, cohesive soil, gravel water pressure + 40~80 kPa
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