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Abstract

This paper contains experimental study for the development and performance of TBM
backfill material with thixotropic properties. The LW backfill material is widely applied
to fill the cavity on the back side of the shield TBM excavation, but has disadvantages
such as settlement caused by strength reduction, material separation by groundwater,
and reduced plasticity. In this paper, laboratory tests and a model test were conducted to
assess the performance of inorganic thixotropic backfill material proposed to improve
these problems. The results of laboratory tests show that 1 hr-uniaxial compressive
strength of ITB was 12 times higher than LW, and the rate of bleeding of 20 hr was 8.3
times lower, and the result of flow table test was more than 27 times higher. This result
indicated that the inorganic thixotropic backfill material has superior properties to
LW backfill in terms of strength reduction, material separation, and thixotropy. In the
model experiment, a model injection device tester was manufactured and the injection
performance and filling rate were verified. When material was injected in the water,
it was visually checked whether material separation occurred, and it was confirmed
that the filling rate was 96% or more. Comparison results with the test of LW and ITB
materials was concluded that ITB can reduce the material separation by groundwater
and the occurrence of tunnel cavity.

Keywords: Inorganic thixotropic backfill, TBM, Uniaxial compressive strength,
Bleeding, LW
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TBM =51 A BiS 4001 o2 A LW A E AR s el Sled], LW FAkAe i Aotz @ 5_
oy, AJstepol] ofet Az ], 71/ Afstet e Te 7L et of2iet wAlde Aiidshz| flstod it
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A TBM 392 71&) Wt 2218 710 2 oh= I NATM 3ol Hlal] g4t Al g/dS Hetket
SHOE, 7IAIE E8ote] Bld o] 22t FA|of AER AR A]9Ee] BaE WA[GHA Al TTHE gloldg X
Hal U= 71418} 5d 222 o] th(Japan Geotechnical Society, 2012). 215 TBM A5 A Al 1HE glo]y
T HEAZ]gE Koo B HZ-5o] WASHA Hli=t] o] & 5] 2|5l A ok st =, ol=2igt 2A1E o2
3171 SIsiAE vi-a Bl FIARANE FAsloF gict. 7] AT TBM 332 148 FAA17F gho] AREE|9)
o}, FARAE T otk wf AJokro] f4 5] GO R Qo] f-Eo] Bl o] WAYsHRIt. ol2gh

S-S Hebolr] flofl 20 o] =-Re|AZE HE= .o, tEAQ] of| 2= LW (Labiles Wasserglass)2F SGR
(Space Grouting Rocket System)©| 1THLee et al., 2011).
olefat BfelA 27] Aol 7R sk, SEARRES 2 AT 4 Qi Aol AR HATATE] ALg0.
= d7zie] 8ol ool 71491 i/do] Aotz @5 o] 2tH(Chun and Yang, 2006). 3t -2-F2A] Fl=
A £:5-40] F7] ¢47] T2l TBM ke Al A5 DK A7) Zolel, S, elde] 43 7]
o] F7o] E|7] o= =AY AL Itk TBM =71 A 2o} s A[HE Afo]of] ‘:‘a”“ She 352 A A
9] 2ob B AP 0] SIS R 4= 9Lom, o] 0] ool HAsl BAloIet. ole] 2ol it
HHAEE Afol S DASH Ake 4= 2l FAEA] o] 2+t of=et —Erlﬂ/'ﬁ% HASIAIAL Lee et al.
(20102 A2t FAANE Adstel 271209 7S ZAAAA, G54 Aot Qe o) szt
o535t A 0 2 BAEQITE T3t Seo et al. (2010)2 A7 | LS o] @5lo] G54 ADAS 71 HRLAS
7HASHAAT, Han et al. (2018)2 1578 2 3-5-54ol Ageh g %UE}O EAE NSRRI, = A=
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—:—7]74] 7t d FA AR Z1sdell SJsl riMIRt 3R] S S 4 gl et O}WE} 7‘]3]% ] 4311 g;ﬂ e
=2 o= e 14\:]'(Klm et al., 2009a). T3 7717 7k FAlRAlE AHESR} do] A4S AR |
ol A=} Eof Ofgt S3RS-2 SN A5} olol] i 27)7e] o] Rsel, Azio] 7
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A2+ 2= TBMERF AR TFAYREE th=A| sfof =m SHuH ] F=77], Z[Hro] tigh
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Table 1. Chemical composition of calcium aluminate accelerator

Component CaO ALOs Fe,0; Si0;, SO; Ig. loss Total
Content (%) 41.1 22.0 1.8 5.1 28.1 1.2 99.3

4, MUIAIE
41942
AYAIES 7] ARSEIRE LWRFITBS] Y4 2 /-5, 54735 = st floff =astict. Ui+
d& B7teP] Slol dSUSHEAIG L ERFAIAS TsHA L, 75782 B71e17] Slol] 7F d-RAI AR Al
<= Fegstoit. Bt S35 2 AlmielE Ellohr] o BPAES 4-Fot3lt. 1TBL] HigH]= Case
1~Case 67FA] 551117, LW O] BIIgH] = Case 72 H7]5}]Th. Case 1-2 A|HE450 kgfoll B 2A150 kef, 7HA
A 100 L2 F-2&]o] Q1 0 0]5} Caser= Table 22} Zro] E2 eI It Table 31} Table 4= ITB HiEH]
SFLW HiHH|E B2 YR Qi

—_

Table 2. Case type

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
ITB ITB ITB ITB ITB ITB LW
(C450, AS0) (C450, A70) | (C450, A100) | (C500, A50) (C500, A70) | (C500, A100)
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Table 3. Mix proportion of ITB

A B C

Case Cement (kgf) Water (L) Bentonite (kgf) | Additive (kgf) Water (L) Plasticizer (L)
Case 1 450 649 20 50 82 100
Case 2 450 649 20 70 75 100
Case 3 450 649 20 100 65 100
Case 4 500 633 15 50 32 100
Case 5 500 633 15 70 75 100
Case 6 500 633 15 100 65 100

Table 4. Mix proportion of LW
Case — > .
Disodium trisilicate (L) Cement (kgf) Water (L) Bentonite (kgf)

Case 7 80 240 850 21

4.2 Y2U2ZE AB(KS L 5105)

ol

ol
lo
f

LSEUFEEAIAS F718A 7127 A=A U= 544& 9715 Sl AldelH 2 A
A ] AHEZ} Hfgte] ti-E-& AAJshe FUAA| R R, 474/ AHIE o
KS L 5105°] o]A 5t AASHAT. S-AIA] A2 Table 33} Table 404 AR 24210 = gt B S
O*E‘ﬂ SAA 271 50 mm x 50 mm x 50 mm©] 735 AH O = ATt AH | AR Al 14]
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(b) Dry curing (c) Strength measurement

Fig. 1. Uniaxial compressive strength test
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Table 5. Result of unconfined compressive strength

. Unconfined compressive strength (MPa)
Curing method Case
1 hr 1 day 7 day 28 day
Case 1 - 0.34 1.56 2.08
Dry curing Case 2 0.11 0.70 2.05 2.72
Case 3 0.30 1.25 2.75 2.86
Case 4 - 0.55 2.38 2.97
Case 5 0.02 0.52 2.46 3.52
Case 6 0.10 1.06 2.78 3.36
Case 7 0.02 0.77 - -
Case 1 - 0.31 1.02 1.78
Case 2 - 0.70 1.77 2.32
Case 3 - 1.30 2.06 3.04
Underwater Case 4 ] 0.48 1.86 2.51
curing
Case 5 - 0.58 1.77 2.55
Case 6 - 1.02 2.23 3.15
Case 7 - 0.55 - -
6 6
G=0—& TB 50 kef &= ITB 50 kef
[F-=-E11TB 70 kef [E-=-11TB 70 kaf
A2 1TB 100 kgf A=A TTB 100 kef
é 4 ool LW Method é 4 - LW Method
0 200 4w w00 T 800 0 200 400 0 T 800
Elasped time (hr) Elasped time (hr)
(a) Dry curing (C450 kgf) (b) Underwater curing (C450 kgf)
6 6

=6—© 1TB 50 kgt
[-=F11TB 70 kef
A I TB 100 kef
e LW Method

&=6—© 11B 50 kgt
[F-3+E11TB 70 kef
A=A 1TB 100 kgf
i LW Method

1 L | L

0 200 4w 600 800 0 200 40 600 o 800
Elasped time (hr) Elasped time (hr)
(c) Dry curing (C500 kgf) (d) Underwater curing (C500 kgf)

Fig. 2. Measurement results of unconfined compressive strength
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4.3 7128 FAARE A

N

ITBO] 7t4/d-& 871517 f1all 7kad RAIARE A& a8kt 7Had AR A E-2 KS 2ol 4F
EoIQIA] odtk webA 7HAd AR BVl ol 71 el A QI AHIEAT S E2H o[ Al @S 851
74 AN B7IsHTE Al EREHOE AlES AlEE ExEH O[S flol &8 27| E2¢ 4
SR 102 5 158] BFA& 716kl 22 gh& S5k Aotk A EAIREE 22 25 50 mm x 70 mm x
100 mm2 AJ2+6}15). 0™ vi2tH]= Table 33} Table 404 AIAITH E= viRIH|E AT Fig. 32 7FAd &

AARE RIS BoFal k.

o,

O

(a) Injection (b) Curing () Measurement

Fig. 3. Flow table test

7} G AN AR vl AT TB 2] iEH] Q] Case 1~6 7% 18~67 mm <] Z2-9- gho| Whgi o, FA7
ol gold-E ZE=2-9 to] 2 S =] ick. T3 LW o] vligH|Q] Case 79] 739 1 mm=E Zo|#317t n]n|g]
om, F5/9S BRI 4 Uolct. v do|st S AR that L

Case 19 ¢ EE EY § E2F 32100 mm= SHE G OH, oo} Case | EE HY T E29 32 5Y

SHA1 100 mm= S = AT 102 747 £ 155] BH42 712 1 167 mm o] 2% g10] S| 2H Case 29

Table 6. Result of flow table test

Curing method Length (mm, 10 min) -
Start Stop (10 min)
Case 1 100 167
Case 2 100 133
Case 3 100 127
Dry curing Case 4 100 135
Case 5 100 127
Case 6 100 118
Case 7 100 111
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ol 229 gho] ==t 18t Case 79 B¢ 2= 29 102 47 5 110 mm 2] Zo[HsP SAHA Y, 15
8] EFAS 713& o 111 mm2 710]849}7} =759k Case 72 B €9 l Ao} Fgo] Atz o] FoA1A]
oot /o] T WSl 1080] 2 & BFAS 719 dii= R-5/d0] glol /el Mgkt vrehta] ellet A
A A= Table 63} Zo] T2 HojFl glc}

4.4 Gel time &3

Gel time 742 FAAH2] 7] A A A7Eo 2 FAIFAH2]o] HeRtA|E Brlsh] $l6l] AAleH o™
Table 33} Table 4°f|A] AIARt <= HIRHHIE ARSI, A, B, CHlS Wit & ZF =5 417 AT ol E
ARF S5t f-50] HESEe o Seto = SRlskgl on, Ask o] ARt A& S7dsiGint. 2 o=
LWSHTBE H] W5t 7] Gel time= 2R15FLY. Fig. 4= Gel time 78 A @S TH O 2 Hoj311 9tk

(a) Before mixing (b) Mixing (©) Time measurement

Fig. 4. Gel time test

LWE] 79-2015g 0 2 A Bol-S WHISI Gel times 21 oS o 8.3%2 S F|SJth ERHTB= 3
FJog A Bl CH-S WHISH Gel timee 211512, Case 1~62 =73+ A} Wl 2.5% 2 Gel time©|
H|Z=51HA| S7 =] At T3t B o] A A9 CAQ] 7haA| 9] vliele Zdsto] A 27go] 7Fset AS SRl &

9loict o]#fgt AT ITBE CHO 7IAA IS ALEEe 24 LWHT}5.8% w27 Ashr} Whdsh= Z-S shelgh

Table 7. Result of gel time test

Case Gel time (sec)
Case 1 3.0
Case 2 2.4
Case 3 2.2
Dry curing Case 4 2.9
Case 5 2.4
Case 6 2.1
Case 7 8.3
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% qlglon, 7Rarere 2 dsto] 2 240] 7Pt 218 8191 8 4 QI9ich AP AT Table 77} 0] H2 L}
Eha ol

4.5 22|Y AR(KS F 2433)

LY AIE2 TR 2|92 B7I517] et Al ol B AJH-& KS F 243309] 2] 7510 AA]513AtL Table 3
3} Table 404 AIAIgE AH O] 3= vli} vl A Ao, AlmEe] D Eedo] WAck= A%S 7IE0 =2 7t
Z} Case 1, Case 4, Case 72 wHISt] HIAAZH 500 mlol] 2L 3417 T2} 20417 5-0] A AxtE 2RRI51Y
o} A& A= Fig. 59F o] 1707 Hoa1 Qlrt,

(a) Elapsed 3 hr (b) Elapsed 20 hr

Fig. 5. Result of bleeding test

L)Y vl AT} Case 79 LW 347 43} 3 BelBo] 25%, 20417 A7t 3 30%2 ZAFIgom 2
7o Selglo] 1A SAVHE 24 H1EH 2 SJGick. Case 17 Case 49] 3AF 47} 5 BelgBo) 247} 3%, 3%
2 ZA0lon], 20ARF AT T 27} 5%, 7% ZAFIIC) ITBO] A9 27] Bejg o] AR 0=
1964 3746l 001341 A5k el B bkol e 2ob s

2o] Z715}1L HlE Lo Eako] Ziagle] we} el S715He 2102 Fhekelch, A@ATH: Table 872
o] 22 Lehyolet.

Table 8. Result of bleeding test

Bleeding (%)
Case
3hr 20 hr
Case 1 3 5
Case 4 3 7
Case 7 25 30
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Fig. 6. Outline diagram and model injection test equipment
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(d) Right injection (e) Top injection (f) Injection complete

Fig. 7. Injection model test
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Table 9. Result of injection model test

Total weight (kgf) Injection weight (kgf) Filling rate (%)
[A] [B] [(B/A) x 100]

Case 3 52.7 50.7 96

Case 7 50.5 36.8 73

Case
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Material separation

(b) ITB |nJected shape

(c) LW injection result (d) ITB injection result

Fig. 8. Injection results
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