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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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fect; model test
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Tab.l1 Compression modulus of soil samples

Item No. 1 No. 2 No. 3

Sand Soil mixed with Rubber

sand and rubber

Soil sample

classification

Density/ (g/cm?) 1.80 1.35 1.10
Compression factor  0.261 0.995 1.612
Compression modulus/ 9662 2146 1.333

MPa
(a) No. 1 (b) No. 2 (c) No. 3
B2 i tH

Fig.2 Soil samples
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R T B N Ak K, R R
T A A Al A B A B R B4 (H DR s
IR BE VR RE /I | HL g I J] 3 o 6] JE i S vk 4,
FE 0 RAEZE W] /T 6 &, HAESE 5
EHR G A7 A W] A KRR

M 3(a) 5 E 3(h) F 3(c) M KA, L1k
F8 e A4 5 o B TR D N B R B R, TR B
Iz A b, I OT R S TR e R E AR
SRR, BB R RTE A R E Y B A [ T
WVEA G, (Al 5 0 5T J] R Y A R S 3
AT EEAT O, WA 3 (e), T R P sh I &
EEAE SRR BN AL, RN SRR kR —
SE RIS, I TT O S B AR IBORE 2 K — RE Y
PR AR A (AT 7R 52 5 1l 5L B9 AR TOUSRLIE A7, FE A
AR N U R S iy [ el - X
AT 3 A A T A ] A R ) S s TR
A —EmD,

£ LA A5 R0 B al A AR SCHR A OK 48 +
1t T 2 B R R AT AT Y T AT
— W JEEEE S s g i R TR TS SR AN T sl
EARXT T Iy @i, oA R B2 B R 2 AR
SCHR A K T T T A SR K 4B A DY ] 3k v ]
JEH) LRSS K, AT 4 T AR S T 5 R
FeJ7 5 AR T g3t SR FHRE I T i B L 3 b R
e, DRE L ) SRCE AR S, S TR
J I AR 25 A0 3 ] T MR T ) SR
7B k2 AT (2 7K 38 AR ARAR , 3037 I3 T 72 B
HE RS 05X A S 0 ] LA Z N T A R R
R A A AR TT R

3 KEXTENTHAZRG
3.1 TEHIRRIE N R AR BY i 50 18 41

B X T A A R (] S 17 B 4% 5 1 ML AV e T
B, AT G AL RE T I 2% 38 A i 3 4% 1 R
S P O 422 W v O A R TE S R TT S
TN T 2 (R 24 F IR 32 2 e 5 R R ) RS T 2 0
Uity £ 6 JE ) o 3 B s g AR 12 6 BT AR
Y5 AL R A R R T R PR, R BE N 4.6
mm 48X AN T Rk, AN AR A 575 mm, AR R
570.4 mm, @55 H 120 mm(GE 4(a) Fim) ., &
P BB 90 KR 45— A At FER K N 9 em | L



54

R, A5 R )RR 5 0 IR Y 97

R 1 em By SEARKE AR ARG R 38 22 18] A S AT
B O A A IR B — i R TR
BRANBAERSKER R 4 cm #5352 R4 N
Bk 575 N/mm, % i 3 Z Rl i FE an &) 4 (b) (& 4
()R,

(a) Model tube sheet ring

Bolt

Spring

Corner code Nut

Gaske

(b) Ring seam connection method

(¢) Inside the model tunnel

B4 RBEFEHREE R FEE

Fig.4 Connection of model shield tunnel segment rings

B AR NS 98 L= 43 400,300,300 em
(W 5(a) iR ), FERRY R T8 R 35 em 10 1,
42 2 A [k T AR i A B T A K D i 3
W, 2 32 IR (i 5 A R 2 I A A R FH IR
FPEATHTE, B 1L A BRI N ) 5 SR )5 PR
2 60 cm (AR RR (H R4 B 5 mb /0
P ARSI A T3 E 2 ) e fE R R% i
HBIH 135 em b+, HH W A% LN 1.8 glem?,
45 9.66 MPa; HRBERLIY 2 1.1 glem?,
JE4R#iE A 1.33 MPa,

TR A AL B G R R ) AR 4 FE
TR ok 3 A B A i T R e F, L 3E ik
AWK LRI R Rz R &, WETE
JIE R NIPELE Y, 2 2% W A 7R ok 3 A R R B
SRR G, M R A e S
BRSO 10 em A7 B 5 1 JEk e K 9 ) B 4
5 W AR 0 A 8, R AR e A i B
Bl5 fin ., fERE B AL BRIE 65 em vV B %% 1A
h 30 em BYARTET, R G B I a2 B A ) AR
(SRR LAy T T00 4 k45 ] S 80 i )
B, K 6 FrR .,

T X K R i SR R &
MR GG, KB AR 56 4 B P i 4 A
W, IEREHCT & S kI 4 R A LAY R h
W3k 246 5 (B AL B0 95 K i s 2, 3T AR
SCI 2 SIS ke B R R D e R M e
FE AR B0 A A R 25 ) . iR R 45 T
=2 fiR,

394 em

47em S0em S0em  S0em S0em  S0em S50 em 47 em

section7 section6 section5 sectiond section3  section2 sectionl

SN TNON 0 S mN T NON0OO —~NOTFNON0NO =
————————— AANAANRNAAAEOO 300 em
10 em
05 cm
Earth pressure cell
Water bladder earth pressure gauge
Steel cylinder

(a) Layout of test elements in the soil box



98 R & OR Rl 2023 4
Earth pressure cell
Water bladder earth pressure gauge
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10 em 300 em (a) Completed installation of steel cylinder thrusting device
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model Rubber60) em
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(b) Location relationship between the constructed tunnel and
(b) Section 4 profile the steel cylinder
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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
F2 HEKKIR
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 ¢m
2 Fill to top of tunnel 17 Steel cylinder thrust 8 cm
3 Fill the top of the tunnel with 20 e¢m of soil 18 Steel cylinder thrust 10 em
4 Fill 40 c¢m of soil 19 Steel cylinder thrust 12 ¢cm
Fill
5 Fill 60 c¢m of soil 20 Steel cylinder thrust 14 ¢cm
Thrust
6 Fill 80 ¢m of soil 21 Steel cylinder thrust 16 ¢m
7 Fill 100 em of soil 22 Steel cylinder thrust 18 ¢cm
8 Fill 140 cm of soil 23 Steel cylinder thrust 20 ¢m
9 Rest for 24 hours(1 d) 24 Steel cylinder thrust 22 ¢m
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 ¢m
13 Rest for 120 hours(5 d) Retract 28 Steel cylinder retract 13 ¢m
14 Steel cylinder thrust 2 cm 29 Steel cylinder retract 16 cm
Thrust
15 Steel cylinder thrust 4 cm 30 Steel cylinder retract 19 ecm
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Fig.7 Test result of earth pressure at Section 4 around shield tunnel
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(b) Vertical diameter deformation of cross—section
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Fig.9 Diameter deformations at Section 4
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Fig.10 Decomposition of displacements and deformations at Section 4 and interaction with stratum
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