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Abstract

The Earth Pressure Balanced (EPB) Shield Tunnel Boring Machine (TBM) is widely
employed for constructing urban underground spaces due to its minimal vibration and
low noise levels. The injection of additives offers several advantages, including main-
taining shield chamber pressure, reducing shear strength, minimizing cutter wear, and
decreasing the permeability of the excavated soil. This technique is known as soil
conditioning and involves the application of additives such as foam, polymer, and
bentonite slurry. In this study, weathered granite soil commonly encountered at do-
mestic tunnel sites was used as a soil specimen. Foam and polymer were applied as
additives to assess the rheological properties of conditioned soils. The workability was
evaluated through slump tests, while the rheological properties were assessed through
laboratory pressurized vane shear tests conducted under the same conditions. Spe-
cially, the polymer was applied under specific conditions with low workability with
high slump values, with the aim of evaluating the impact of polymer application. The
test results revealed that with an increase in the Foam Injection Ratio (FIR), the slump
value also increased, while the torque, peak strength, yield stress, apparent viscosity,
and thixotropic area decreased. Conversely, an increase in the Polymer Injection Ratio
(PIR) led to results opposite to those of FIR. Additionally, a correlation between the
slump value and yield stress was proposed. When comparing conditions with only foam
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applied to those with both foam and polymer applied, even with similar slump values, the yield stress was found to be
lower in the latter conditions.

Keywords: EPB (Earth Pressure Balanced), TBM (Tunnel Boring Machine), Soil conditioning, Additives, Rheo-
logical properties
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A, 3T 2, 78 o] nped 49} S2E £5AG A4, AT5 Holo] U] 5421 HiE, 2444
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maack, 2000). T3+ A] H{E O] YRz 4 4] R854 R A St BpA- 4, 58 gt <l
FTBM vt 744 59 717} Qlth(Quebaud et al., 1998). wtA] EA] €1= TBM Algol Qo] 45 &
T2 TBM H| o1t Al 2| ATE AN A 3710 TS Bk ofu et =319 0] QP A& SR 6l= 523
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Fig. 1. Particle size distribution of weathered granite soil
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BEATE0.5~5%2] HeJ7F A5kt A A H BE7F 1ekShin, 2020; Oh, 2021). @] EENARC (2005)7} A
Qret 24 23S 2= S 41 10~20 em FIE A1Bfste] HIE 14%, & U= 20~40%, = "53]

15, B 5EAGE 3% FA1] A8 At Eelol AZAPLARISH: Fu4 WiE Tl

of ETH FUHE 5-20%, EFH F5A= 0.2~0.3%2 750 &2 737 & T FAE 28514 7]
IS AL A=l FUSIR ™, 7P U Alge E HAE E8oto] 2827t vl S 2 Wi 5}
ot

Table 1. Properties of foam and polymer agent

Additives Apparent color Specific gravity pH
Foam Transparent light brown 1.00~1.10 8.0~11.0
Polymer Milky white 1.00~1.10 7.0~9.0

32885 A

AU 71 I Al £1385H7] 94 ASTM €143 (2017)°] et S/ Alode -agal et & T 46
SHZZA(F1, F2, F3), B3 E2|v] L% H835 27A(P1, P2, P3, P4) 2.2 A9 274& Aol on, e x719

TP 14%, BB 15, B 55 3% 2 H8a1ich A8 A8 270 B SUT A HIH=Table

o} g,

N9}

Table 2. Slump test cases and results

Case No. (?)Z) FER (gof) l(: (;i (OC/:) PIR Sluilgn\;alue

Fl 20 - . 72
P 30 - - 19.4
B 40 - - 243
Pl | 14 15 3 5 14.1
- p2 | 10 7.7
o 40 02

P3 15 53
T 20 12

2 2757kl e} 31 g 5ok At steleisic
O] %52 2000 S0 G2 19,4 cm A1 A2 ZH R 2SN 10-20 ) Ul 100 ) 71
e AT 20 o 4 QJSIh T 24 A4S ZHs SR gL HSlol So4] ghom] §540] 2 F3

i =t
2719 39 BePE 37} A G, P1-P4 FHE Selel BEl Selo) Fulrt 371l et £ grol
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2 ATAE Fig. 29F 0] Lee (2021)7F e ALY 71 ]Q1aek A1 w12 E8) 2T} A4
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o W2 BT gk AAREe 2 SIS 4= ks Aok

Pressuremeter A —__

5cm

_ Four-bladed vane

35cm

20cm

Fig. 2. Photograph and detailed schematics of laboratory pressurized vane shear test apparatus (Lee, 2021)
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Fig. 5. Rheological properties according to FIR
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Fig. 7. Rheological properties according to PIR
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