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Effects of moisture content and foam injection ratio on
mechanical properties of high viscosity mudstone with soil
pressure equilibrium shield

FENG Lin", ZOU Kunmi', TANG Weixiang', BAO Jianxin"?, HE Qihai’,

ZHANG Wengang®, YANG Yang®, SUN Weixin®, YANG Wenyu?
(1. China Railway No. 2 Engineering Group Co., Ltd., Chengdu 610031, P. R. China; 2. School of Civil
Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: The problems of difficult spoil discharge and cutterhead mudding pose many challenges to the
advancement of earth pressure balance (EPB) shield tunneling, especially for high-viscosity shale strata, where
spoil improvement is necessary. Relying on the shield tunneling project of Shuan Tunnel (Sichuan section) of
Chengdu-Chongging Central Line, foam performance evaluation, vane shear test, interface shear test, and

indoor shield tunneling model tests were carried out on shale to explore the optimal concentration range of
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foaming agent, and the effects of water content and foam injection ratio on the normal interface force,
longitudinal interface force, and cutterhead mudding were investigated. The results show that: (1) The optimal
volume fraction of the foaming agent is around 3%, with the corresponding foam expansion ratio and half-life
being 29.1 and 8.71 min, respectively. (2) Based on the above optimal volume fraction, with the increase of
water content and foam mass ratio, the vane shear strength, direct shear strength, cohesion, internal friction
angle of shale, the average pressure of jacks, and the torque under the action of unit jack pressure all decrease to
varying degrees. The adhesion amount of spoil on the shield cutterhead does not change significantly, but the
consistency of shale decreases, and the cutterhead mudding is improved. (3) Overall, the average advancement

speed increases. The greater the average pressure of the jacks, the greater the cutterhead torque. The

improvement effect of the foaming agent on shield tunneling is better than that of water content.

Keywords: shield tunneling; high viscosity mudstone; model test; foam agent; moisture content
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Table 1 Basic physical parameters of shield mudstone
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Fig. 6 The relationship between shear strength and parameters of cross plate
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T HAGEE/(N-m)  FIEHE/(N-m) I/ MPa PRI /MPa P34 3E 2 /(m/min) 80716 I3 /(10° m?)
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20%F3 43.8~92.1 69.46 0.58~0.89 0.78 2.3 87.78

P19 #5100 i 2E I R 28 B A 0 B B Y S
WK, WIS RIIE S EE  WiE s R R A S
BhBRT U8 S, L RE A 5 K A0 3G 0 A R B A
J1 4% 1 b BB AR A AN B (H O R 25 e b
T JE AR TR o 0 8545 U8 D 2 52 b B4 0 5 )52 5 A [A]
EGILNE AN RN R R i N NS N RN
e A B R ) B b HES PR DE BUIF ANV

o T

19 HERBIEFHBER
Fig. 19 Cutter head adhesion after driving

3 Hig

D56 P IR ) M B2 306 fe b R AR T 807 34
LA I Bl 25 A BR 23 508 O, 24 9 A7 30 o o
WY R SO AT R AR TR 29 1 iR 4R
THE1 8. 71 min. FEMRBU KL 306 LU 4 K R
F AR, DU R 4R T

2) BB 5 K R A IR A LE g, A+
B e 0 56k BE LB YT 0T AR R R R 0 AN BRI A 1Y

SN TR AR R B o MR E A LR 300 B MR
TR It R SR B B e A E SR 1 M 30. 437 kPa
R Ik 2 17.606 kPa, P JEE 48 i M 12. 97" % Ik &=
9.01°,

3) T T T0UFE 7 % 70 485 4140 SR AR K Ak L
D7 L BE T 7 T00 g 60 38 R i 4 K . Ji o R
AT R TR 1A 5 M DG 1, B A b SF 2 4 20 5k
JEE R, T TOF 2 R B B K R B
FIIRL AR A, 70 87 B4 T T T 3 R
H A T 1 T F7 4 R A 4100 35 4 — o2 72 3 Ol
JIN o AR TR X G A i 2 1 B RO B T KR
WL VR TE A LL 350 T80 4 B R 7 L AR A o v
R TULAY 47 % R B2

5% ik

(1] B, X, 8k, & SRR E A Lok R
SHEORBIFEERALT]. A B, 2020, 33(5): 8-34.
WANG SY, LIUPF, HU Q X, et al. State-of-the-art
on theories and technologies of soil conditioning for
shield tunneling [J].
Transport, 2020, 33(5): 8-34. (in Chinese)

[2] WANZE, LIS C, YUAN C, et al. Soil conditioning

China Journal of Highway and

for EPB shield tunneling in silty clay and weathered
mudstone [J]. International Journal of Geomechanics,
2021, 21(9): 06021020.

[3] ZHUO B, FANG Y, WANG Y B. Soil conditioning
and screw conveying characteristics laboratory tests for
EPB tunnelling in medium-weathered mudstone stratum
[J]. Tunnelling and Underground Space Technology,
2025, 156: 106257.

(4] RAT, SRIBEF, XUTE, 45 b DR )2 8 K B4R Jé ok



10 AR5 F B LA FROF E L) % XX %
J R B R M 3R A P 5 i T2 K0 O o6 R F o [0, TR [J]. KSCE Journal of Civil Engineering, 2014, 18(3):
b 224, 2021, 29(5): 1555-1566. 831-836.

WU K, ZHANG X P, LIU H, et al. Correlation be- (13] Fdadh, BmA , KW, 4 A FKED L HE 2R
tween surface deformation and construction parameters 17 )5 e s A ol RO IS I AT (T PR R B R, 2021, 58
in silty clay ground tunneling with super large diameter (3): 182-189.

slurry shield thm [J]. Journal of Engineering Geology, WANG L L, YINLJ, GONG QM, et al. Experimen-
2021, 29(5): 1555-1566. (in Chinese) tal study on the soil conditioning in EPB shield tunnelling

[5] B, sk, XIWy, 2 B2« Z2 /K T IEMERE T in the Shijiazhuang sandy soil stratum [J]. Modern Tun-
FEME 5 K e s R WF S 5 R T] R b R 2A R, nelling Technology, 2021, 58(3): 182-189. (in Chinese)
2021, 29(5): 1477-1487. [14] R, Kb, W, 5. BRI - BB T A 27
TANG S H, ZHANG X P, LIU H, et al. Engineering Zif ok R st U] £ R 5 8 TR 2 iR O 3k
difficulties and key technologies for underwater shield ), 2022, 44(5): 29-37.
tunnel in complex ground [J]. Journal of Engineering ZHU B T, YU J, WANG L, et al. Experimental study
Geology, 2021, 29(5): 1477-1487. (in Chinese) on soil conditioning with water bearing gravelly sand-

[ 6] Crp 2 B2 ) g i 30 . b 1) 3230 B 18 T AR 22 R WF 5T argillaceous siltstone composite stratum [J]. Journal of
ZRR - 2022(7]. rE 2 AR, 2022, 35(4): 1-40. Civil and Environmental Engineering, 2022, 44(5): 29-
Editorial Department of China Journal of Highway and 37. (in Chinese)

Transport. Review on China’s traffic tunnel engineering [15] HOULSBY G T, PSOMAS S. Soil conditioning for
research: 2022 [J]. China Journal of Highway and pipejacking and tunnelling: Properties of sand/foam
Transport, 2022, 35(4): 1-40. (in Chinese) mixtures [C]//Underground Construction, ILondon,

(710705, £8L, W04, 45 20k )2 Al + 6 7 45 5 2001: 128-138.
¥ T3 8D pE 3 22 IR WF SR [T]. A b TR, 2020, 42 [16] FEINENDEGEN M, ZIEGLER M, SPAGNOLI G,
(9): 1651-1658. et al. A new laboratory test to evaluate the problem of
FANG Y, WANG K, TAO L M, et al. Experimental clogging in mechanical tunnel driving with EPB-shields
study on clogging of cutterhead for panel earth-pressure- [C]//ISRM International Symposium-EUROCK 2010,
balance shield tunneling in cohesive strata [J]. Chinese Lausanne, Switzerland. 2010.

Journal of Geotechnical Engineering, 2020, 42(9): 1651- [17] ZUMSTEG R, PUZRIN A M. Stickiness and adhesion
1658. (in Chinese) of conditioned clay pastes [J]. Tunnelling and Under-

[8] LISC, WANZE, ZHAO S S, et al. Soil conditioning ground Space Technology, 2012, 31: 86-96.
tests on sandy soil for earth pressure balance shield [18] BUDACH C, THEWES M. Erweiterte einsatzbereiche
tunneling and field applications [J]. Tunnelling and von EPB-schilden [J]. geotechnik, 2013, 36(2): 96-103.
Underground Space Technology, 2022, 120: 104271. [19] + T3k % Jr dedr - GB/T 50123—2019 [S]. db5t: h

[9] JIANG X, ZHU H H, YAN Z G, et al. A state-of-art Bl th ik, 2019.
review on development and progress of backfill grouting Standard for geotechnical testing method: GB/T 50123
materials for shield tunneling [J]. Developments in the —2019 [S]. Beijing: China Planning Press, 2019. (in
Built Environment, 2023, 16: 100250. Chinese)

[10] 7EE . db st ik 1+ B 28 + T SF 5 5 M 1+ IR ok B 4% AR [20] EFNARC. Specification and guidelines for the use of
RHBRZET). BACES B A, 2009, 46(4): 77-82. specialist products for soft ground tunneling [M].
WANG G F. Siol improvement technologies and Farnham, UK: European Federation of National
implementation for EPB shield in Beijing subway line 10 Associations Representing for Concrete, 2005: 15-16.

[J]. Modern Tunnelling Technology, 2009, 46(4): 77- [21] RBUn 55 . 5 ¥4 J) £ 45 P 9k o AL B K b B 5 i A 58 (D]
82. (in Chinese) JUCHR : PR S8 K2, 2018,

[11] JANCSECZ S, KRAUSE R, LANGMAACK L. DENG R Y. Study on the mechanism and disposal
Advantages of soil conditioning in shield tunneling. measures of clay clogging in TBM cutter-head [D].
Experiences of LRTS Izmir [C]//Challenges for the 21st Chengdu: Southwest Jiaotong University, 2018. (in
Century Proceedings of the World Tunnel Congress '99, Chinese)

Oslo, June 1999, 1999: 865-75.
[12] PEILA D. Soil conditioning for EPB shield tunnelling (% XXX)



