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Abstract

This paper is a study to improve the efficiency of mixing technology in the shield TBM
chamber. Currently, the number of construction cases using the TBM method is
increasing in Korea. According to the increasing use of TBM method, research on TBM
method such as Disc Cutter, Cutter bit, and Segment also shows an increasing trend.
However, there is little research on the mixing efficiency in chamber and chamber. In
order to improve the smooth soil treatment and the behavior of the excavated soil, a
study was conducted on the change of the mixing efficiency according to the effective
mixing bar arrangement in the chamber. In the scale model experiment, the ground
was composed using plastic materials of different colors for ease of identification. In
addition, the mixing bar arrangement was different and classified into 4 cases, and the
particle size distribution was classified into single particle size and multiple particle
size, and the experiment was conducted with a total of 8 cases. The rotation speed of
the cutter head of all cases was the same as 5 RPM, and the experiment time was also
carried out in the same condition, 1 minute and 30 seconds. In order to check the mixing
efficiency, samples at the upper, middle (left or right), and lower positions of each case
were collected and analyzed. As a result of the scaled-down model experiment, the
mixing efficiency of Case 4 and Case 4-1 increased compared to Case 1 and Case 1-1,
which are actually used. Accordingly, it is expected that the mixing efficiency can be
increased by changing the arrangement of the mixing bar in the chamber, and it is
considered to be effective in saving air as the mixing efficiency increases. Therefore,
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this study is considered to be an important indicator for the use of shield TBM in Korea.

Keywords: Shield TBM chamber, Mixing efficiency, Mixing bar arrangement, Single particle size, Multiple
particle size
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“Foll ARG AL, ZASPHA 2703 e A2l o] Agelehs gRdo] At dE TBM O] 7= AHo] EAF

%* Hro g A =o] Jlem AREEH, =4 Al = TBM A2 ZJRte] F3jet A5k e 1 1]‘3}04 2

S ERYI. TRt Sl NI E R 2| #[ste] F5k= g o) whzell Aol =
ofF et AN H SRRt (7HA] A FaLE o] #-8-do] Z FRoItHChang, 2015).

2 TBM 32 2P 2| z]Hhdof| wha} o]4=2](Slurry shield TBM) ¥} E2](Earth Pressure Balanced).2-
o
AX

PF
J.t
A
T
T ol
©

2 U= 5 UthPark et al., 2015). ©]52] €= TBM-S W o] Z2HE T4l o]*E 7}°P}04 ooy S i
S, AHks 226l FAEARE W U9 oot o viu e Fofl viEd & Zolok ESHA A=
TBM-2 th Fig. 1320w, ZiH 9 A37 Ad|o]o] Yo f-4H S EALS €= TBM %%*1‘1% F=o] 9

ol 71rstel Berg S wRgic FARO] ARl FALEeL A9 Auolo]] 8 o] Jste] Ao]
sjol, 22| 3.2 B, 237 Zuolo] Sofl S5 U Hllo] OJgh ANk PE M) -5 Shuoh
2] 912} 2780] F5tcHKim etal, 2014). Teb H2ol F7H 91717 2 A/bAIoh 24w S shlst
A DHSRE 7178 A2k 59 gk

l_ Sensing Device of Ground Settlement

\ ”'iou.___ e -
: i ‘-..-? = 3 b _
- = o
Ll a2 I sl St —
( ] x [ ]
P —— = —

Screw Canveyors

Fig. 1. EPB shield TBM (Sagong et al., 2015)
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Fig. 2. EPB shield TBM excavation mechanism (Kim, 2020)
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Fig. 3. EPB shield TBM excavation mechanism
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Fig. 4. Mixing bar

£ A7 2 o] o] w2 Wt EE e 1% 7|20 AE TBM A
o mh2 g i) gite] w4 vhe] J 9l metS 915t AR UAlstge
7hoR2 AZE B e Abgste] S-aietle. 41 TBM A W 212 vt 7o w2 gahske wetst] 9
3 A B2A Fig. 59] EX /| Qe 710] 220 cm, %0] 10 ¢

210 em 7.0 % the Fig. 67} 2] 245190k, Ea QAT S22 9 uhe H14717] Slete] ok Fig. 7
T} o] Apu|e] vl vhg Raleto] Zlast et

Unit (mm) 1000
_ Unit (mm) 1000 -
g
Sﬁ T 9 0
(a) Soil tank front view (b) Top view
Fig. 5. Soil tank

Fig. 6. Create a sample to identify the scope of influence
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Fig. 7. Panoramic view of the scope of influence of the mixing bar

2 A4 e kS 9al AElE R A4 5 RPMolH 2] Bl e 9117} Z4lo] wiA]H
4127} o] whet kg Table 17} o] S22 th A sto] AATHACE. B4 HFe] 271 10 mm, 15 mm,
20 mm2 A5}, ¥ 910] F4ell 4 54 Hi7A o) 4a%somm 100 mm, 150 mm 2. A7) 917] 18 e
© B 54 s RPMOlA AR AR o5 ate] JaP9IE nlotstart.

Table 1. Speed by location at RPM 5

Shape Diameter (mm) Location (mm) Speed (mm/min)
50 1,572
Square 10/15/20 100 3,144
150 4,716

AN o] FAlolA H
A= 5 5~6 cm = UERS
= & oF Aola AAISIATE Ho] SAolA

A5 5—?57} 57}0}1]?1* 2 F719] 9l Bhe] £rof] ot 2foli= mju]shH A¥h= B 6~7 cm = LHEL
ek, 2173 20 mm A7) BARS 7FR U HhE AL gato] Jais] mlet Age AAIsIch U] SHelA

Journal of Korean Tunnelling and Underground Space Association 239



Yeon-Deok Kim - Beoung-Hyeon Hwang - Sung-Woo Cho - Sang-Hwan Kim

— o
stet 9 v =27] GRS wtel ks t Table 291 €Tt

Table 2. Scope of influence when mixing bar diameter

= 3719 9/ vke] Lreof| ofet 2lel= nn|sh At B 7-8 em 2 L EL

Shape Diameter (mm) Location (mm) Scope of influence (cm)
50 5~6
10 100 5~6
150 5~6
50 6~7
Square 15 100 6~7
150 6~7
50 7~8
20 100 7~8
150 7~8

7273 10 mm, 15 mm, 20 mm] A28 o] HhE AFgalo] Q3ab ) met A@S AXslr), Alg AT

o} Figs. 8~107FA]9} 2t

(© r=150 mm

Fig. 8. 10 mm mixing bar range of influence
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Fig. 10. 20 mm mixing bar range of influence
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ol v} 217] W wolt A the Fig, 113} 720] ety

D=15mm

) D=20mm
Fig. 11. Scope of influence range by mixing bar size

33 2A05 AR

o = —

™

3.3.1 AY Case AA

415 TBM 7H| U] Bdut 27]e] a2
232 Eojz By vte] HiA L FHE 27t
gto] 4H]0] 2512 Bojok g 210 2 mjeic. 11

25} oM FHEE S HAs
sy 21710 w2 dapas] A%

bi—‘\

(a) Case 1

(b) Case 2
Fig. 12. Selecting a mixing bar placement case
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—_

D
(c) Case 3 (d) Case 4

Fig. 12. Selecting a mixing bar placement case (continued)

332 39 5499 At

Al AE HH= AR 8 ma FHIE 1/209] 272 S4 }Oﬂ Z} 2174 400 mm, = 50 mm .2 A2} 519
o}, T3 Fig. 132 A7 02 D2 RPM 27| = 270H SA4 1Y FHY A9 &5 245}
7] 91t A]0] 2 B2 Case 40114 ©-85k+= =1/ HE ] HE o %ﬂi‘—% A5k 4] oltt Fig. 14+= Case™d A
AgH| 9] mA ot

Fig. 13. Experimental view

Case 1 A7H| 0] B4 Bl a, d= JHH FEo] HIZ| &1L b, ci= 7 E ol = S Hol| v 2] =™ ZFa] o] AE|s)= 3]
7 Alof Zo] 21-sh= HAlolek. Case 2 FARFPHHIE= 573 A= BixXH4S Fig. 120114 Fig. 14(b)=
Z7gste] vij2lsHod ‘jr. A HEO] 1AL Case 17+ 5 U5 2A] vl a, b= AEISIE 34 A] o] 3]64= 1A

o]t} Case 3 SAR FAH] TS Case 29} o] SA R AH] JL5A] BA)| 2 w2 7HE-S- T3 Fig. 14(c)2t &
o] zAs}o] Hjj 2|5+ E]—. 917 Hla, bi= A E]S| = 2] A] Zol ﬂ@g}%%ﬂol‘:}. Z7] A H=12007HH 02
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sl W 2jshick. S14) Bto] AL Case 175 U5}, B

vl x|5}5ATE. Case 4 A3AHH]| 0] WlA] HE= AH] L5
HR= ARSI 2 A] Zo] )sh ) Fiek. 2] g uhe 235 ZAolol} A8k S1-8 Al2fst 90°7F
Ao wjxjsisct.

Unit (mm) Unit (mm)

Unit (mm) Unit (mm)

(d) Case 4

Fig. 14. Equipment chart by Case

3.3.3 A3

2 Ao AR AR HEOIARE] 6 mm (), 6 mm (), 8 mm (2), 10 mm (8).0-2 Z}7} A} 2171
2 Aol slo] Y RLE BRI 4 s

5] 915kl BAHEAMESto] AL Th el A ] L Th Fig. 1591 2

= 51910}, b Al RO Hwang et al. 20200141} Zo] HzHel
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D=6mm D=6mm D=8mm D=10mm

Fig. 15. Used sample

EAS NSRS W) 20 SPAIZHS ThE Table 37} o] Lehdet,

Table 3. Sample angle of repose

Classification 6 mm 8 mm 10 mm
Angle of repose 35° 35° 33¢°
3.4 M3

asei= Fig. 99t 2ol AAsto] S Zsfstelet. Addoll AR5 RPM-2 AA| ¢ftte] A-85}+=
RPM.2 2 A5t TgHFAIZE WA RLE Case” 5L WHEE]7] ol 2ol A1 A7 1
302 AAstoiet. w4 vre] vl |9}, R T A w), Tl o T = e F 87FA] Case® 2513
™, A5t Case= T} Table 42} Ztt.

e
i1
el
lo
e

Table 4. Experimental case

Sortation Rotational speed (RPM) Sample size (mm) Note
Case 1 6 White, Blue
Case 1-1 6,8, 10 White, Red, Blue
Case 2 6 White, Blue
Case 2-1 6,8, 10 White, Red, Blue
Case 3 > 6 White, Blue
Case 3-1 6,8, 10 White, Red, Blue
Case 4 6 White, Blue
Case 4-1 6,8, 10 White, Red, Blue
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B AGe Jrrh e Algo] 4.9 Aol sl Uiro] AR B419) 6 mmAl 2, Sl 21419] 6 mm A
22 ALgolod 2ok, QIEsl TEA RRG ARO] 9 AR, S, ohE TEslo] 2 Mialo] 6 mmAl R,
0] 8 mmAlR, A0 10 mmAlEE sl Wi 588 Weslo] $lste] T Fig, 163} 20] 4, %,

sk TRslel AlRS A

(a) Single particle size (b) Multiple particle sizes

Fig. 16. Panoramic view of the experiment and sampling location

= TBM H] SARGH]0f 2} Case B2 217 vEe] 2] 2|9} A= /18 o] AJolato] Caseoll B

ulg wh i) 9 Al 2459 ol SE8 BESEA0] AMEE ALste] A|EE 4 RE o] e

5 RPM & 25l3itt. 715422 S2ote 248 Ao R AHSEE 25 A1A 14 302 F3t 514710

Aol TR 7] @ A =S AFfslo] w885 7|5 2 AFEetIr AFE Al s v Fig 1749 27

Pqﬁgw%$hiﬂmhéﬂ1 IS eIl 0% S4 S Aol el 0

= 2iQlo] 7Fs st SHAIRE-StA Rt U] iRhlEe o o= 7] mheel] A= AFste] aktle
< slelslert.

OI!
rr

EUREY
EO l"_..a
It
%
i

O
5
z
)
Lﬁ
rr

(a) Case 1 (b) Case 1-1

Fig. 17. Mixing ratio sampling shape

246 Journal of Korean Tunnelling and Underground Space Association



A study on the soil conditioning behaviour according to mixing method in EPB shield TBM chamber

(c) Case 1

Fig. 17. Mixing ratio sampling shape (continued)

3.5 SRI Al =0] ) du} v x| of| ke At

(d) Case 1-1

Case 19] Al A5 ATH FloIAE H4o] 80%, o] 2092 bt 7 2041 4t 2ol

2 vleE Hebgom, 749 30lk= 0] 25%, WAo] 75% = LERITE. Case 19] W4T H1-&-2 T Table

59ttt

Table 5. Case 1 mixing ratio

Sortation Section 1 Section 2 Section 3
Sample Blue White Blue White Blue White
Collection amount 80 20 50 50 25 75
Difference amount 30A 309 - - 25V 254

o ) 40 100 50
Mixing ratio (%)
63.33

Case 29| A|=5 AFTE A3t 1ol A= g M0] 70%, WA 0] 30%2 Ll 9 204= 3
Ao} 60%= HERE O™, T 304= gAo] 40%, WMol 60%E LT Case 22] Wit HIS-2 the

Table 63} 2T}

Table 6. Case 2 mixing ratio

0] 40%,
o

Sortation Section 1 Section 2 Section 3
Sample Blue White Blue White Blue White
Collection amount 70 30 40 60 40 60
Difference amount 20A 20V 109 10A 109 10A
Mixing ratio (%) %0 50 50
73.33
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Case 39| A =5 AF_t A3t 1 A= 'é o] 70%, B o] 30%2 UEFITE 79 204= A M0] 60%,
o] 40% 2 YR O™, 4 30fxl= AJMo] 30%, WMo 70%= UEFTE Case 32] WHE H-& S
Table 72} 2tk

Table 7. Case 3 mixing ratio

Sortation Section 1 Section 2 Section 3
Sample Blue White Blue White Blue White
Collection amount 70 30 60 40 30 70
Difference amount 204A 209 10A 109 209 204A

o ) 60 80 60
Mixing ratio (%)
66.67

Case 49] X125 AT 22 170l FAo] 45%, WAo] 5592 Lhehgteh, 79 200 ket 28]
2o g Lheptom, 7o 3ol HAto] 45%, Bo] 5%z e Case 4] T3 M-S TR Table
s} ek

Table 8. Case 4 mixing ratio

Sortation Section 1 Section 2 Section 3

Sample Blue White Blue White Blue White
Collection amount 45 55 50 50 45 55
Difference amount 5V SA - - B\ 4 SA

o ) 90 100 90
Mixing ratio (%)

93.33
T WS A 19 9] 79 40%~90% = LERA T AR H]of| ARGl = Case 137 H| W 32 73

- Case 47} °F 50% 571t 215 =elstSirt.

2%@94 - 80%~100%2] Wi Hl-go] Uepith. A4 Ao AR§-E]= Case 137} H| W3S 73-F- Case 4 F
7HA] B wHE &8 100%2 LERT

3%“;‘94 78-F50%~90%2] W HlEo] LeRgt). AA| gu]of] AR8= Case 17} Bl W3S 7% Case 47} oF
40% Z71t Z1& EelstSirt.

3.6 CIUS Al=2 9} Hf tf2]of chE Zxt

Case 1-19] Al=5 AFIQF A2} 1790l A= 2Ao] 40%, 21A0] 25%, ZgAo] 35% = BRI -4 2914]
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= "iAHo] 40%, ZA0] 35%, HM0] 25%2 ERGE O I, 71 30j|A4=uliXHo] 359, ZXHo] 20%, o] 45%

UERSTE Case 1-12] wHFH]-2-L TFS Table 92} 2t}

Table 9. Case 1-1 mixing ratio

Sortation Section 1 Section 2 Section 3

Sample White Red Blue White Red Blue White Red Blue
Collection amount 40 25 35 40 35 25 35 20 45
Difference amount 6.67A | 833V | 1.67A | 6.67A | 1.67A | 833V | 1.67A | 1333V | 11.67A

o ) 83.33 83.33 73.33
Mixing ratio (%)

80.00
Case 2-12] A|&22 AFet A3} 17-Gof| A= wiAo] 50%, ZA0] 25%, JAo] 2592 LFERGTE 7+ 2014

= W01 20%, 201 45%, ZgAH0] 35%2 LEF OB, 79 3ef|A= A 0] 20%, 2 A0] 30%, 0] 50%=
LERTE Case 2-12] WHE H]-8-& t}8- Table 101} 2t}

Table 10. Case 2-1 mixing ratio

Sortation Section 1 Section 2 Section 3

Sample White Red Blue White Red Blue White Red Blue

Collection amount 50 25 25 20 45 35 20 30 50

Difference amount 16.67A | 833V | 833V | 1333V | 11.67A | 1.67TA | 13.33V¥ | 333V | 16.67A

o . 66.67 73.33 66.67
Mixing ratio (%)
68.89

Case 3-19] A|22 A5t A} 114
= W80 20%, Z1M0] 45%, 0] 35%2 HERd oM, 79 3004=

ERSTE Case 3-19] wEF H|-S-

L
= wao

-2 t}2 Table 113} 2t

Table 11. Case 3-1 mixing ratio

L wiAflo

~ 1

1 50%, ZJAo] 25%, ZAo] 25%2 LR S 20014
125%, ZA0] 25%, o] 50% =

Sortation Section 1 Section 2 Section 3
Sample White Red Blue White Red Blue White Red Blue
Collection amount 50 25 25 20 45 35 25 25 50
Difference amount 16.67A | 833V | 833V | 1333V | 11.67A | 1.67A | 833V | 833V | 16.67A
o ) 66.67 73.33 66.67
Mixing ratio (%)
68.89
249
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Case 4-19] A| 25 AFt A} 1ol A= viAo] 350, ZJA0] 359, ZJAMo] 30% 2 LERGTE 714 20014
= X0 30%, ZAH0] 35%, FgM0] 35% 2 LERG.O M, 74 30lA= wAlo] 25%, ZAH0] 30%, 0] 45%2
UeRdt} Case 4-12] 78 B8-S RS Table 122} 2t}

Table 12. Case 3-1 mixing ratio

Sortation Section 1 Section 2 Section 3
Sample White Red Blue White Red Blue White Red Blue
Collection amount 35 35 30 30 35 35 25 30 45
Difference amount 1.67A 1.67A | 333V | 333V 1.67A | 1.67A | 833V | 333V | 11.67A
o ) 93.33 93.33 76.67
Mixing ratio (%)
87.78

Y 2320] ThE Cased WHF H 9= 919 Table 137} o] B 9 ohlte 271 BT 74 =4] Bf Hi2]
e 4, Case 4-12] A7} 71 & 71 0 2 Vept]

Table 13. Mixing ratio by Case

. Single particle size Multiple particle sizes
Sortation
Case 1 Case 2 Case 3 Case 4 Case 1-1 Case 2-1 Case 3-1 Case 4-1
Mixing ratio 63.33 73.33 66.67 93.33 80.00 68.89 68.89 87.78
4- 7E:| [ -

2 AE-2 TBM A Y] HiEASH o2 QI 712 A= 1)/ e vljz] H7of w2 wht §-8-0] HelE 3
7317] gt Allolek, ARL 8 mF B4 A5 TBME 12002 Z45)0] FAmgaslo e Nasigrt. @
g .88 99ho 2 2lolsly| $lote] ZetAE A H WA 6 mm, A 6 mm, 24 8 mm, A 10 mm 2] A]
=5 ARESIo] 2AJ5IRlH S35 0] 79 AA| AR]ol A ARESh= 5 RPM o= A9lstlal AJARS Be

Case?} T H1X] SFE 133022 A4519. 00, A2 B4l vl ARgshrt.

Aol ghA] A Hho] 217] 8 el wetst] Stste] 2 = 10 mm, 15 mm, 20 mme] 54 HRE o
ol g5to] GaPHS] mePAFS ASHATE. T A3 22t 5-6 om, 6-7 om, 7-8 e Zizel] A of it
A oHe Ao ettt w4 vt Aapgulol AsHe A, Qe w2, 1200 2HA0R AAF A, A
TESHE Z0R BRol] % 47HIE BRIt ARRE BYwe} tl 272 ERslel £ 871K
Case 2 BRs}o] A4S Aayslgict.

d
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A A RIE Case?] 739 Case 1, Case 3, Case 2, Case 4 <=0 2 WHE H]-80] =761 0, AlA| ZH4] o]
ARE %21 Case 1H T Case 4014 wHE H]-20] °F30% Z715Fc). th o] A AT} TS Case 2-1, Case 3-1,
Case 1-1, Case 4-15=0 2 WHT H[- o] =715} 0. ™ AA| A]of| ARE 221 Case 1-1 .} Case 4-19]14] W H]

0] °F7.78% S7 53Tt SEAIE W SHReL SHELo] wHE A)5-0] 73-%- A 5] HolXltth SHEo] 79 Case 1

2 AleJgt B-E Case=0] 915l 5176115]01 BIFE A7 2 A o= e spA|TE A AH] o] 7§ sl
HE5o| iS5 S| B2l E3t shiLE o] Fsto] F6] wHbE 21 o 2 TekEh

SEA|TH A @7l A 2[Rk E}E} m} A B =] A ul/dute] /o] Mgt H e 7 o = wi

o}, k5 ZERAE A7 Fod AA| EAR] TRl 7 HAIE A=l F71ste] ¥ 2/d-& skal, 2357 o

o}5 AxIste] shRoA HIEA 27} 7Fset S S 0=

=2 =2 = ;1(_
FAOR 7| U5 T 4 92 Holck. EY HABFARN 22 2710] AL Soto] At v S

o

r&"
v
ra
ey
i)
=
=
rx
ox,
o
o
o|N
A
N
dl
£
>
e

AL =

2 A= R ATATEE] o] F4Eof 7] 2 AR (Shield TBM HIEA 2] @d-S 917t Soil conditioning 7]
7], NRF-2018R1A2B6002725)] 2|90 2 Zalg|9]on] olo] Z-2 7hA1E Ealuc
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