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ABSTRACT

In earth pressure balance (EPB) shield TBM tunnelling, the application of soil conditioning which improves properties of
the excavated muck by additives injection, is generally used for enhancing the performance of TBM. Therefore it is important
to apply the soil conditioning in the numerical model which simulates excavation performance of TBM equipment, but related
studies on a method that simulates soil conditioning are insufficient to date. Accordingly, in this study, an laboratory
pressurized vane test apparatus was devised to evaluate the characteristics of conditioned soil. Using the apparatus, the vane
shear tests were performed on foam—conditioned soil with different shear rates, and the test was numerically simulated with
discrete element method (DEM). Finally, the contact properties of particles in DEM were determined by comparing the
results of test and analysis, and it indicates that the applicability of pressurized vane test and DEM model for reproducing
soil conditioning in TBM excavation model with DEM.
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(a) Foaming agent container

(b) Foam generator

Fig. 1. Photograph of foaming agent container and foam generator
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(a) Schematic of laboratory pressurized vane
shear test apparatus

(b) Photograph of laboratory pressurized vane
test apparatus

Fig. 2. Laboratory pressurized vane test apparatus
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Table 1. Properties of foaming agent

(a) Foaming agent and air flow inside of
foam generator

(b) Generated foam

Fig. 4. Generation of foam using foam generator
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Fig. 5. Preparation of foam—soil mixture before test
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Condition of pressurized vane shear test
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(a) Measured torque during pressurized vane shear test

Peripheral velocity, v (mm/min)

(b) Shear stress with different peripheral velocities of vane

Fig. 6. Results of laboratory pressurized vane test
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(b) Generated balls

(c) Sectional view of numerical model

Fig. 8. Numerical model for simulating pressurized vane shear test

Table 3. Diameters and volume fractions of generated balls
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Fig. 9. Calibration of contact properties by comparing test and analysis results

Table 4. Calibrated contact properties of adhesive rolling
resistance linear contact model

Table 5. Comparison of pressurized vane test and numerical
analysis results

Properties Value

Normal stiffness, K, (N/m) 1X10°

Shear stiffness, K, (N/m) 1X10°
Friction coefficient, u 0.01

Effective modulus, E¥* (N/m?) 1 X 10
Rolling friction coefficient, 0.01
Normal critical damping ratio, [3, 0.2
Shear critical damping ratio, B¢ 02

Maximum attractive force, Fa (N) 1X107°

Attraction range, Do (m) 110

E3 o] FA SA=E F2o] 5 Hebd=t, ol
AR} A ShEH(interlocking)o] =7H4| 02 why| Ei=
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min/mm e 2 UEPF O, Table 59 &2 oA dg U

SHloll elah HHE =

) Numerical Error
Properties Test results analysis resulis (%)
Yield stress (kPa) 6,39 5,40 15.49
Proportional factor
of viscosity 454 494 8.81
(kPa*min/mm)
4. 4 =2
2 AE &AM E Fo f50 24e AR
o2 sjolsa 1 ATE M ety slNke] TBM 235
Aof| A &s57] sl = eleH, & = A8 the
o

(1) & ol 7it AeiolA Foll ofsf e &2
A =< 7] As) Ay 7ok Wl Al
- AH 7L A= 500kPa

W AEAEE AP A
4
4

o Q1AL HYl RGeS 2A EAE SAY
4 glof TBM e ZAt)A 8 $o 45514 542
spelat 4 glck

() QY ALE A, F 7Y 2 D gL APgsh
H219] S|HL LS oA 7| H|Ql kAR o] 3
Holeh 2 ATl E E-F EABY FENH A%
= WA Asoz 7Hdste] 53 FAHE
A4 BEstett

() N el -8 s 2= PFC3IDS -85}
AU 7HF WA R & sl Al A vet a4
AIE v|agho 24 AE adhesive rolling resistance



linear A& do] Q| 7} HE2HE2 AAsIACH

=
(4) EOHA] TBM Zof o) /JAE To] AS xupzs,

| =
(5) & a7l w3y o] o3} 2R YR W%

FIR, FER, C; 59 & F¥%, A94E 5o ute}
0B FEHH AFo| 24 deing, 99t 2
2] Gl Y3t A7k 37k e ojof gt

ol TBM 219] <J5) TEM tel A 6430l 4
Ho] o]Rojx|i ZAES] 44 3B wat ofy

=1

B2
L p H= AT
S0 g% JHERAHS 7|uto g 3 TBM 34
Ldlo] 2-8E 4= Sl Ao® WEL. olF Ff &
o AYAMY 71H 9] Aol ol e TBM =4
Fes FAEAACR vl Z4T 5 S AeR
A== ch
Acknowledgement

This research was supported by the Korea Agency for

Infrastructure Technology Advancement under the Ministry

of
g0

1.

74

. Galli,

Land, Infrastructure and Transport of the Korean
vernment. (Project Number: 20SCIP-C129646-04)

References

ASTM D4648M-16. (2016), Standard test methods for laboratory
miniature vane shear test for saturated fine-grained clayey
soil.

. EENARC, A. (2005), Specifications and Guidelines for the

use of specialist products for Mechanized Tunnelling (TBM)
in Soft Ground and Hard Rock, Recommendation of European
Federation of Producers and Contractors of Specialist Products
for Structures.

M. (2016), Rheological characterisation of earth-
pressure-balance (EPB) support medium composed of non-
cohesive soils and foam. Ph.D Thesis.

ShEAXMRIARSEE=RE  H193 M4s

10.

11.

12.

13.

14.

15.

. Lee, H.,

. Itasca. (2019), Particle Flow Code in 3 Dimensions (PFC3D)

6.0 documentation, Minneapolis: Itasca Consulting Group.

. Karmakar, S., and Kushwaha, R. L. (2007), “Development

and laboratory evaluation of a rheometer for soil visco-plastic
parameters”,
197-204.

Journal of Terramechanics, Vol.44, No.2, pp.

. Langmaack, L. (2000), “Advanced technology of soil conditioning

in EPB shield tunnelling”, proceedings of North American
tunneling, 2000, pp.525-542.

Shin, D., Kim, D. Y., Shin, Y. J. and Choi, H.
(2019), “Study on EPB TBM performance by conducting
lab-scaled excavation tests with different foam injection for
artificial sand”, Journal of Korean Tumnelling and Under-

ground Space Association, Vol.21, No.4, pp.545-560.

. Maidl, U. (1995), Einsatzbereiche der Erddruckschilde durch

Bodenkonditionierung mit Schaum, Ph.D Thesis, Institut flr

Konstruktiven Ingenieurbau. (in german)

. Mechtcherine, V. and Shyshko, S. (2015), “Simulating the

behaviour of fresh concrete with the Distinct Element
Method-Deriving model parameters related to the yield
stress”, Cement and Concrete Composites, Vol.55, pp.81-90.
Messerklinger, S., Zumsteg, R. and Puzrin, A. M. (2011), “A
new pressurized vane shear apparatus”
Journal, Vol.34, No.2, pp.112-121.

Peila, D., Oggeri, C. and Borio, L, (2009), “Using the slump

test to assess the behavior of conditioned soil for EPB

, Geotechnical Testing

tunneling”, Environmental & Engineering Geoscience, Vol.15,
No.3, pp.167-174.

Peila, D., Picchio, A. and Chieregato, A. (2013), “Earth pressure
balance tunnelling in rock masses: Laboratory feasibility study
of the conditioning process”, Tumnelling and Underground
Space Technology, Vol.35, pp.55-66.

Qu, T., Wang, S. and Hu, Q. (2019), “Coupled discrete
element-finite difference method for analysing effects of
cohesionless soil conditioning on tunneling behaviour of EPB
shield”, KSCE Journal of Civil Engineering, Vol.23, No.10,
pp-4538-4552.

Vinai, R., Oggeri, C. and Peila, D. (2008), “Soil conditioning
of sand for EPB applications: A laboratory research” Tunnelling
and Underground Space Technology, Vol.23, No.3, pp.308-317.
Wu, L. and Qu, F. Z. (2009), “Discrete element simulation
of mechanical characteristic of conditioned sands in earth
pressure balance shield tunneling”, Journal of Central South
University of Technology, Vol.16, No.6, pp.1028.



