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Abstract: Based on the problem of earth pressure concentration in earth pressure cells, a water bladder earth
pressure gauge was invented. The thickness of pressure sensing water bladder can be controlled within 5~10 mm.
The pressure sensing water bladder is connected with the electronic pressure gauge through the transparent PU
air pressure hose. The height position of the electronic pressure gauge needs to be fixed when the water bladder
earth pressure gauge is used. A comparison test was conducted between the water bladder earth pressure gauge
and the vibrating string earth pressure cell buried in soils with different compression modulus. The analysis of
the results shows that, although the problem of high measured earth pressure is unavoidable, the stress concen-

tration problem is significantly improved when the earth pressure in the stratum is tested with the water bladder
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earth pressure gauge compared with the earth pressure cell as the pressure sensing water bladder being thinner
than the earth pressure cell. From the test results, it can be seen that the amplitude of soil pressure caused by
the thickness of the test element is non-linear, which is related to the adjustment of soil particle deformation
around the test element. The water bladder earth pressure gauge is used in the model test of shield tunnel re-
sponse. The test results show that the water bladder earth pressure gauge is obviously different from the earth
pressure cell. From the analysis of the changing trend of the test results, the test results of the water bladder
earth pressure gauge are reliable and it is necessary to use a water bladder earth pressure gauge directly at-
tached to the outer wall of the model shield tunnel to test its surrounding soil pressure. The test principle of the
water bladder earth pressure gauge is simple with low cost, and the precision is high. Because of its flexible con-
struction, the pressure sensing water bladder can be used to test the earth pressure of non—plane structure sur-
face according to the test demand.
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Fig. 1 Earth pressure experiment
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Tab.1 Compression modulus of soil samples
Item No. 1 No. 2 No. 3
Soil sample Soil mixed with

classification Sand sand and rubber Rubber

Density/ (g/cm?) 1.80 1.35 1.10

Compression factor ~ 0.261 0.995 1.612

Compression modulus/ 9662 2146 1333

MPa

(b) No. 2
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Fig.2 Soil samples
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Fig.3 Comparison of earth pressure test results
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Fig.4 Connection of model shield tunnel segment rings
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Fig.5 Diagram for earth pressure measurement gauge Fig.6 Shield tunnel model and steel pipe and its pushing
installation in shield tunnel response model test device
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Tab.2 Conditions of the model test
Test phase No. Condition Test phase  No. Condition
1 Complete model tunnel installation 16 Steel cylinder thrust 6 cm
2 Fill to top of tunnel 17 Steel cylinder thrust 8 cm
3 Fill the top of the tunnel with 20 cm of soil 18 Steel cylinder thrust 10 ¢m
4 Fill 40 c¢m of soil 19 Steel cylinder thrust 12 ¢cm
Fill
5 Fill 60 cm of soil 20 Steel cylinder thrust 14 ¢cm
Thrust
6 Fill 80 ¢m of soil 21 Steel cylinder thrust 16 em
7 Fill 100 ¢m of soil 22 Steel cylinder thrust 18 cm
8 Fill 140 cm of soil 23 Steel cylinder thrust 20 em
9 Rest for 24 hours(1 d) 24 Steel cylinder thrust 22 ¢cm
10 Rest for 48 hours(2 d) 25 Steel cylinder thrust 24 cm
Rest 11 Rest for 72 hours(3 d) 26 Steel cylinder retract 6 cm
12 Rest for 96 hours(4 d) 27 Steel cylinder retract 10 cm
13 Rest for 120 hours(5 d) Retract 28 Steel cylinder retract 13 em
14 Steel cylinder thrust 2 em 29 Steel cylinder retract 16 ¢cm
Thrust
15 Steel cylinder thrust 4 cm 30 Steel cylinder retract 19 ¢m
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Fig.7 Test result of earth pressure at Section 4 around shield tunnel
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Fig.10 Decomposition of displacements and deformations at Section 4 and interaction with stratum
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