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Abstract

Bentonite swells when it comes into contact with water and makes it a viscous fluid.
Thus it is widely used in civil engineering works for waterproofing. Utilizing the
properties of bentonite, the sturry shield TBM supports excavated face with pressurized
slurry as well as transporting excavated muck. When bentonite is in contact with
seawater, due to the change of double layer thickness, its expandability and viscosity
are lowered. This may cause problems for excavation stability and muck discharge due
to the increase of sea water inflow when Slurry TBM is used under sea water
conditions. In this study, the change of slurry condition caused by the inflow of sea
water during tunnel excavation with Slurry TBM was investigated and a slurry
management guideline was proposed. For this purpose, a laboratory test was carried
out based on the slurry management criterions applied in the field, and a method
applicable to the field where sea water is affected has been proposed.
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7102 sl4o] ofat Lejelo] A wiale AEstart. Qubdel Sejele] BAne g2e UL, Wi, 9
Ao\ A, HE4, G, pH, A4 5 o] Uk U, i, P, AP W es 522 2
ol G Bolm, et WeAlo| 2 BelE 4 52

2]7]%3} 95k 9122 QoksbH Table 137+ 2t

Table 1. Slurry evaluation items and criterions

Gel Strength
Density Mar.sh Fu.nnel Water Loss | Filter Cake | Yield Point gzt
fems 1 omm?y | VISCOSIY |y (mm) | (Ibs/100f7) pH (1bs/1008t)
(Sec/lit) 10sec | 10min
Criterions <1.15 >35 <25 2-4 2.5~17.5 7.5~9.5 |2.5~15|2.5~22.5
Factor Muck Maintaining pressure at the Muck Corrosion Muck
transportation face transportation| prevention transportation

(c) Marsh Funnel tester (d) Filter press

(e) Shearometer
Fig. 1. Test Equipment
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ol sele] JHiB7HE 71 1% Al Hl(Fig. 1) 2 <219 MEHW}T Q 3= yg.o thea) 7}

Ao fA GAF Afolo] wide, & fAl7F 580 213tshe @& Uehdith. guha] o 2 A%oll 4= Marsh
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k] BElole 0 AT S ehilel, 2ol 7lETke tEA) 4 45} el
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2012; Yukeselen-Aksoy et al., 2008; Arasan and Yetimoglu, 2008: Rao et al., 1993; Di Maio et al., 2004;
Sridhanran et al., 2002; Park and Lee, 2012). Jeon et al. (2002)= 7"47}?<ﬂi Polyvinyl Alcohol, Sodium
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T S7HIFFEAMEAEZ ), GegAl(Hle] e 2tol E, F=|4EHY) 5ol Ut Jeong (2011)2 HIELO|E
] Zof A7l - 5=(0~30 g/L)Oﬂ whet 5 vl o o] Aol 7h ek SlRlskgit. whbA 2 AtollA]
= HIEUO|E F7 9 oo Hlgof| whE S2f2] A e] ot Fds A Hyfom AiiAdS Fdl 7119
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50% & 8ol ZF2F 100 g Flsle] A= ARt & S22 o] A HekE AESHIth(Table 2).
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rE
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Table 2. Test specimens (according to bentonite type and sea water)

Sample No. Water condition (ratio of sea water) Bentonite
1-1 Water 2L (0%) Na-Bentonite (100 g)
1-2 Water 2L (0%) Ca- Bentonite (100 g)
1-3 Water 1L, Sea water 1L (50%) Na- Bentonite (100 g)
1-4 Water 1L, Sea water 1L (50%) Ca- Bentonite (100 g)

Table 3. Test result (according to bentonite type and sea water)

Gel Strength
- (?::/SIE}}’) Mi;isicljsuiltl;el Wzttrirllllgoss Fi l‘;ermi)ake le) Zl/(i (l)’oofitrzl;[ pH (Ibs/100 f%;[)
(Sec/lit) 10sec | 10min
Sample 1-1 1.03 46 12 3 7 9 7.5 3.5
Sample 1-2 1.02 31 118 3 1 7.1
Sample 1-3 1.04 34 42 4 1 8.5
Sample 1-4 1.03 29 132 3 1 7.6 0 0
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Fig. 2. Test specimens according to bentonite type and sea water

Fig. 3. Filter cakes of test results
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AR o] = 0] FRo] BAgle] sle] Fako Qe mE pe] gme] Aukgte] 7|50 Hg
w9107 £, Ca-HlEL o] B S5t o et Bl Az 7] s} 2o TBMe] AFg s Al
2 A 9k 202 Teker), gt 2 Aol Na-HEL O[22 B8 510] slo] Gagel i &

eJele] e B AES skt

3.3 olis~ HIZ20|| [ Na-HIELI0|E S2{2| HEiHS HE

8j4=0] H]gof| T2 Na-HELIo|E Zaja]o] Al Hsle AEs)] sl T AlF-S a5l
AFRE A2 g5 o4, Na-HlEUo| ES AR5l oM sf4=0] Hl-8-8 2 45}0]
2 3~43] HHE X3t AF= Table 49+ Zom, B A|Q-S E4] a4 & 5710l w2
2191 &2 A E 9t allee] 518 a2 Eklskalrt.

A8t gef@]ol sfiaro] Hlgo] ol el wet A, A, AT Aol AFrahe AdEs] S

Table 4. Test results according to sea water ratio

Gel Strength
Ratio of sea| Density Mar§h F@nel Water Loss | Filter Cake | Yield Point 1bs/100£2
Items 3 Viscosity ) pH (Ibs )
water (%) | (ton/m’) . (mm) (mm) (Ibs/1001t7)
(Sec/lit) 10 sec | 10 min
Sample 2-1 0 1.03 46 12 3 7 9.0 7.5 3.5
Sample 2-2 10 1.03 39.6 21 3 5 9.3 35 0
Sample 2-3 20 1.03 36.2 23 4 3 9.0 0 0
Sample 2-4 30 1.025 34 35 4 1 8.9 0 0
Sample 2-5 40 1.025 34 34 4 1 8.8 0 0
Sample 2-6 50 1.025 32 37 4 1 8.8 0 0
=4=\fiscosity (Sec/lit) == Water loss (ml) —+—Yield point (Ibs/100ft2) —&-pH

NC 1

l- L]
0 10 520 30 40 50 0 10 "'20:- 30 40 50
Sea water ratio (%) Seawater ratio (%)

Fig. 4. Slurry condition changes according to sea water ratio
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Sfi5=2] Hl-&0] 20% oVdd A%, MIEUO|ES S7I2 H7loh= it ohel Z2iw, B4, E4=
Aot 22 H7HE Fdsto %EH% tHok= o] Slct. allg=o] vlgol k2 A A4 FelRre 23
5171 $Iote] Table 59} Zo] o454 TBMEAOIA] AFgEh= Z2|HE S8 A2 438 sh3ith

Aol AFSH A ER|H= AlE *é R AR Sejelo] Mk F7FE PYA| A%ES opH & kA
O] APl AFE == F7HAlo] 1 B B = AEZ QA 8T EAR SefE|o] AR AR EE T
X7 9L gtk

=0 vl 82 30%, 50%, 70%E 21-851510 ™, Fig. 59} Fig. 6-& E3l| 0] TBM O] H &5} ahatory
o G n|A= Fa7 Q41 Mo HTSEF0] W3t e UERA ATt

Table 6-2 oll=2] Hl-g<l| whe} 2} 371 o] 27 ek g eote] vehdlleh. <8kl Q= &) o] Jat&
JH 2] vl S ST 2N A 0] Fluke THHsHA AAE 4= lo] EXolA ErlElE A &

) 6l ghefal7lel] Golg 202 wekech

Table 5. Additives for Slurry TBM

Item Feature Standard usage
A Polymer Phytogenic high molecule electrolyte / Salt-resistant polymer 0.05~0.3%
B Polymer Water-soluble polymer / Increase viscosity 0.5~1.0%
—+—Sea water 30% —i—Sea water 50% Sea water 70% —+—Sea water 30% —m—Sea water 50% Sea water 70%
70
43
41 ‘ .
- Slurry evaluation
< 39 ‘ E 0 .
S ‘ criterion
] { ]
837 ‘ 4 (Table.|1)
75 ) ) ’]\ '
=]
3
~ 33 | Sturry-evaluation
31 | criterion
29 (Table, 1)

0 005 04 045 02 025 03 035 04 0 005 01 015 02 025 03 035 04

A Polymer (%) A Polymer (%)

Fig. 5. Test result of A Polymer
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—+—Sea water 30% —i—Sea water 50% Sea water 70% —4—Sea water 30% —i—Sea water 50% Sea water 70%
43 70
41 I 60 T T
. _ Slurry evaluation
£ 30 } g 50 T
§ £ criterion
] |
% 37 g i (Table. 1)
7 35 \l/ ;g 30 - T
Q
g 33 - Slurry evaluation 2 20 [
31 . ! | criterion 10 —
(Table. 1) 0
29
0 01 02 03 04 05 06 0 0.1 02 0.3 04 05 06
B Polymer(%) B Polymer(%)
Fig. 6. Test result of B Polymer
Table 6. Proper amount of additives according to sea water ratio
Ratio of sea water (%) 30 50 70
A Polymer (%) 0.05 0.2 0.3
B Polymer (%) 0.2 0.3 0.4

s goll S TBM B2 @ollA = 1214 0 2 sfiro] #-d& Adshe Zlo] 241 o oA, sfia=2]
o] E7hRt FRelrde sl Hles 714 0= st BiElE Be slop & Aot

4. 28

2 Aol S14 TBM EJdollA alo] g<lol ik Zejelo] Pelele Amsi] $lslo] AuAES 4
AohAr. ol Fal Zejele] ekl sj-o] v Ruto 2 Al Bl 4 Gl 7152 Zﬂ*]ﬂ?iﬂﬂi sio] v
gofl wE Zeje] 7] WohS A Hglr), Eak o] o A AR 4 QLS Zefelol
k] ] ThE A A1 S 1 7S AT oo, & 8 ol ol AL
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Te)71E2 SR 212 11519 olo] wel, TBM 2P ] oPg ke Shaska wi kel b s &
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