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Measurements on open-type shield-dnven tunnel in soft cohesive soil

H. Kawata, Y Koyama & H.Tarumi
Railway Technical Research Institute, Tokyo, Japan

/

SYNOPSIS: With the aim of establishing a design method for shield tunnel lining, Japanese National
Railways conducted a series of on-site measurements at the sites of five shield-driven tunnels. At
one of the five tunnels, Hamamatsucho Tunnel, earth pressure and water pressure acting on the seg
mental rings, strains in them, and ground displacement were measured in a section passing through a
soft, cohesive soil. This paper reports the results of the measurement of earth and water pressures
and strains of segmental rings.

1.Introduction

With the aim of establishing a design method
for shield tunnel lining Japanese, National
Railways conducted a series of on-site measure
ments at the sites of five shield-driven tun
nels. At one of the five tunnels, Hamamatsucho
Tunnel, earth pressure and water pressure acting
on the segments, strains in the segmental
rings, and ground displacement were measured in
a section passing through a soft, cohesive
soil. This paper reports the results of the mea
surement of earth and water pressures and
strains of segmental rings.

2.Soil Property

The surface layer of soft, cohesive soil at
the site of the measurement_reaches¥the lower
half of the tunnels. Below that layer is a sand
and gravel layer having a varied thickness of
less than one meter. Underlying this layer is a
layer of consolidated cohesive soil, which has
unconfined compressive strengths of 20-40
kgf/cm’(2000-3900 kPa). The average properties
of alluvial cohesive soil above the tunnels are
shown in Table 1. This cohesive soil has consol
idation yield stresses of 1.0-2.5 kgf/cm2(98
250 kPa) and compression indexes of 1.2-1.6.
High permeability of the sand and gravel layer
between the alluvial cohesive soil layer and the
Consolidated clay layer suggests that the allu
vial cohesive soil had already been consoli
dated so a certain degree when the groundwater
level become lower in past.

The thickness of earth cover over the tunnels
is approx.24 m, and the pore water pressure
around the Crown of the tunnel is approx. 1.4
kgf/Cm*(14O kPa).

3.Tunnelling Method

An open-type shield installed cutter-face with
a low opening ratio, was used. The compressed
air method was also used as an auxiliary
method.

\

Table 1. Phvsical properties of soil
7. (tf/ma) 0 1.4 '<141<N/m“>

` nrusture content (%) 11O-120
'void ratio 2.8-3.2

degree of saturation (%) 1001
liquid lindt (%) 124
plastic lnnit (%) 51 _
qu (kgfhunz) 0.7-1.5(69-147kPa)

c (kgf/cn?) 0.4¢-0.8(39»-79kPa)¢ (° ) 0
4.0utline of On-Site Measurement

In the measurement conducted in this tunnel,
earth and water pressures acting on the lining,
stresses caused by these pressures, and dis
placements in the surrounding ground caused by
tunnelling were measured. Measurements were
taken at two points. At one of the two points
(hereafter called “section X") tunnelling was
carried out under ordinary conditions, while at
the other point ("section Y ") sheet piles had
been driven into the areas outside the planned
tunnelling zone for the two tunnel. These sheet
piles were designed to limit the settlement
area to tunnelling due to a small area above
the tunnels.

5 Measurement Items and Methods

5.1 Earth Pressure

Earth pressure was measured with earth pres
sure gauges installed on the external surfaces
of some of the segments. Fig.1 shows the ar
rangement of the earth pressure gauges. The
earth pressure gauge had a circular pressure
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Pressure gauge

Fig.1 Arrangment of the earth pressure gauges

plate (diameter 600 mm) and was designed to mea
sure earth pressure by converting hydraulic
pressure into electric signals. Earth pressures
obtained from this type of pressure gauge,
therefore, include water pressures.

5.2 Etress in Lining

Stresses in the lining were determined by mea
suring strains in reinforcing bars and steel
frames in ape segments.

5.3 Inner Displacement

Inner displacement of the segmental ring was
X'7 l\O3R 2

measured as changes in the ring‘s diameter as
measured in three directions.

6 Results and Discussion

6.1 Earth Pressure

Fig.2 shows changes in earth pressure measured
with the earth pressure gauge in section X, and
shows similar changes in section Y. Air preS_
sure in the tunnel at the beginning of measure
ment was 1 kgf/cmZ(98kPa) higher than the atmo
spheric pressure. Figs.2 indicates the
following:

(1) The greatest changes in earth pressure oc
curred during the period when the shield
machine advanced by a distance corresponding to
the width of six rings (for two or three days
after the segmental ring equipped with the earth
pressure gauges left the shield tail). Earth
pressure indicated by all gauges increased
during this period. Grouting was executed soonafter the segmental ring left the shield tail.
It seems that the earth pressure gauges in the
upper part of the ring were affected by grouting
pressure and the hardening of the grout.

(2) Changes in earth pressure became small one
month after the segmental ring equipped with
the earth pressure gauges left the shield tail.
The mean earth pressure at this point of time
was 2.1 kgf/cm’(206 kPa) in section X and 1.8
kgf/cm’(177 kPa) in section Y.

(3) About a month and a half after the preceding
tunnel was bored, a second shield machine ad
vanced in parallel keeping the distance between
the two tunnels at 3.5 m. As the shield in the
second tunnel approached the measuring points,
earth pressure measured with the gauges in the
preceding tunnel showed a tendency to increase.
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In particular, the gauges on the side near
the second tunnel and in the upper part of
the ring showed greater increases.

(4) Air pressure in the tunnel was lowered
to the atmospheric pressure level in five
steps (2.0,1.8,1.7,1.55,1.l5,and 1.0
kgf/cmz)(196,177,167,152,113,98 kPa). Al
though the depressurization was carried out
during the period when the second shield
passed, earth pressure did show a tendency
to decrease under its influence.

(5) Measurement was continued for four
months in section X and three months in
section Y. Fig.3 shows the distribution of
radial earth pressure acting on the tunnel,
which was drawn from data obtained in the
final measurement. The maximum Value was 3
kgf/cm’(294 kPa).

6.2 Stress in Lining

From the measured values of strains in re
inforcing bars in the segments, the distri
bution of circumferential bending moments
and axial forces was determind. Fig.4 shows
the results thus obtained. _

Stresses-in reinforcing bars in the pre
ceding tunnel changed greatly when the sec
ond shield passed. Table 2 shows changes in
stress during this period.

Table 3 shows the maximum Values of
bending moments and axial forces calculated
from the stresses in the reinforcing bars.

6.3 Deflection of Segmental Ring

Fig. 5 shows the changes of deflection of
segmental ring. The vertical diameter of the
segmental ring decreased by 15 mm immedia
tely after the ring was assembled, and the
cumulative deformation reached 30 mm one
month later. Deformation increasedgsharply
when the second shield passed. At this time
deformation in section Y was greater than
in section X. In four months after the ring
was assembled, deformations in sections X
and Y became close ( 43 mm in section X and
45mm in section Y,).
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Table 2. Changes in stress before and after shield passageX X Y Y
(outside) (inside) (outside) (inside)

naxinum tensile 730 190 580 450
before shield stress (kgf/cm’) (72M a) (19M a) (57M a) (44M a)

passage  maxbnun ccnpmessive 840 490 900 600
stress (kgf/cmz) ( 82MPa) (48MPa) (88MPa) (59MPa)
naxinum tensile 750 340 1000 850'

ten days after stress (kgf/omz) (74M a) (33MPa) (98MPa) (83MPa)
Quekignssxm

HBXiHUH\CfH§I€SSiV€ 1060 650 1160 810
stress (kgf/om’) (10OM a) (64M a) (llmnna) (79M a)
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Table_3. Maximum values of section forces
M <1;fm> N (nf) Tirre'

section +35 -38 190 two-nonths after the erecti n
X (340kJ) (-370kJ) (186OkN) of the segments

section +31 -32 144 one month after the erection
Y _ (300kJ) (31OkJ) (141OkN) of the segments

|T\ AAH|11 .+50 Section X /r,,,_*_*_*-+-~ I _\ E;,-4 _ __.»"/ , fB +40 /---=---°---~--'“ / -L'**_,4---0---°"'f"""°"'*`~_`___(’ P6° ff" ~v= VZ- D§ RO /' --- x-4in00R> °H‘H2'DF4 H0 ,’ ~ ---- ~ x-e ln02R» D ‘eqeomm
O /M .gg i \ _ 2 3 4 5 5 7 9 9 |0 ll 12 I5 ua 2| 50 so |20 T”‘e(daYS>_,O \ daysQ »-4 \` after _-20 i _ I(U '30 _ """0"`°"~*---~_--»-__._~--"&______,__..__ _ Pressure rerease

>-'40 _ 'Sliding out fran smem tail "_\.___k_ _ _ *_w mtmiamrng - `”_+'*. 'AV Erec'cion_ Passing shield _ _mmfH _ 1 _»¢=1 __*wi EEcthx1Y ;;?*%m*J;h ~\0-1 A K/ ,Q 1-40  -o` '  \\ /E_ /'TTI-'lf-°»7iT-.°.`ItfL_..Q_,__L`°-5'--;----°"" '2 .5 "° /-/:;~::=»*'¢-ff” IH '20 il-fl, + 1 1 1 1 1 ss -~ Y -4 (HGSR) -»V=V2 - DE HO /;_ ‘P ' a ‘ ~---- Y-emueem AH=H2-0'* 0 7 3 --~- Y-|O(H72Rl D‘6460mmM .B \ 2 5 4 5 6 1 8 9 IO || I2 I5 I4 2| 50 60 |20 T"“e(daYS)-|0 \ days
§,_4- \;_ after.,.| _-20 I ` . ___._ i 1 1 #~ A F , f
D-Q 0 “=`=x:-;=t,¢\;;._,_,,.`_ _L \* Pressure rerease

-H '30' _ ~¢--'\'?-<lI'J'i`;T|I'l':_:_';T_:'_:;1.:-;:-_.o:-;;-_:-";"\g '40 ' j".`\\b;:_,\' f Sliding out frm shield nail  L- _ _ _:_- '50__. Drived one rin " """`“V Ef@CtiOD Passing shield
Fig. 5 Deflection of Segnental ring

7. Conclusion

Invaluable data on earth pressure acting on
the segmental ring was obtained from this mea
surement. Although this paper did not deal with
ground displacement, no significant relation
ship was observed between ground displacement
and the deformation of the segmental ring. The
authors intend to pursue the analysis of the
test results.
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