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Abstract

In this paper, viscosity features of sealant (bentonite-cement slurry), which is used for
umbrella arch method in tunnel, were studied. The sealant must secure optimal
strength and capacity for the waterproof and stabilization of borehole as well as to
satisfy groutability. In this study, the variation of viscosity was measured with
different mixing processes. With an increase of initial mixing period with water and
bentonite mixture, the required time for the rapid increase of viscosity of the sealant is
shorten. With increase of mixing period, the possibility of swelling of bentonite will
increases and this can lead increase of the viscosity of the mixture. In addition, the
behaviors of sealant vary with a drastic increase of the viscosity: thixotropy and
rheopexy. Furthermore, the bentonite/water mixing period influences on the bleeding
features of the sealant. Further study is required to introduce the guideline, which can
be applicable in the field in the aspect of required capacity of the sealants and mixing
processes of the ingredients.

Keywords: Umbrella arch method, Sealant, Bentonite, Viscosity, Tunnel
reinforcement
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Table 1. Viscometer test results with water/cement/bentonite mixture with 30 minutes stirring

Elapsed time (min) (cer\(tliiaco(;?et,ycp) Toque (%) RPM Spindle type
16 1,252 41.7 10 LV2
27 1,053 35.1 10 LV2
46 1,580 52.8 10 LV2
55 1,784 59.5 10 LV2
65 1,968 65.6 10 LV2
73 2,787 92.9 10 LV2
77 25,550 85.2 1 LV2
82 187,400 62.5 0.1 LV2
85 470,900 39.2 0.1 LV3
95 4,138,000 394 0.01 LV3

129 4,295,000 35.0 0.01 LV3
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Fig. 6. Variation of viscosity of the water/cement/bentonite mixture with time after 30 minutes stirring
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Fig. 8. Viscosity behaviors of water/cement/bentonite mixture at the low viscosity range with spindle rotated
time after 30 minutes stirring
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Fig. 9. Viscosity behaviors of water/cement/bentonite mixture at the high viscosity range with spindle rotated
time after 30 minutes stirring
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Table 2. Viscometer test results with water/cement/bentonite mixture with 10 minutes stirring
Elapsed time (min) Vi‘scc?sity Toque (%) RPM Spindle type
(centipoise, cp)
13 16.3 13.6 250 LV-2
21 13.1 10.9 250 LV-2
40 37.9 31.5 250 LV-2
51 48.1 26.9 230 LV-2
62 81.3 54.2 200 LV-2
72 105.8 63.5 180 LV-2
81 123.5 65.9 160 LV-2
99 364.2 60.7 50 LV-2
110 1,326.8 442 10 LV-2
121 7,382.1 24.6 1 LV-2
131 17,502.4 29.2 0.5 LV-2
142 64,981.0 21.7 0.1 LV-2
8.0E+04
—+-10 min. stirring
6.0E+04 |-
g
Z 4.0e+04 |
g
<
2.0E+04 |
0.0E+00 T

0 30 60 90 120 150
Elapsed Time (min)

Fig. 10. Variation of water/cement/bentonite mixture with elapsed time after 10 minutes stirring
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Fig. 11. A comparison between viscosity behaviors of water/cement/bentonite mixture with different stirring
time of 10 and 30 minutes

A 722311025 7KE22 Fig. 8, 99} Fig. 12, 132 Hlals|| B Fu 28 2aE 2RId & 3lot. 29ha2] 4
HP eI MRS 7|20 2 T ol ol EAE 2] @A Holthh WRES Ak ARl Ao A
52 1Ich $300] 514 ghe MELO]E E4HEOIL B ARSI 92 AIE Ho]AEL B4 E R W
< HRItKRoussel et al., 2012, Tehrani, 2008). HIELO|E} A E 0] -3-A37}+ -3 (coagulation and flocculation)
o M2 Aol TS ALARA S 0 S34S Bahd A ]| T2 A0E0] 479] gkl olol]
si|E|RA] SAE R AR Held) SpAR B3t BRaRyol=e] 1ol 152 Falol Be )
DDL WA} ARIEIA}e] +8ES(CsH)o] BRAEE bl SAE RN ASS o o} sl gro
oA 52 Hol A0 Holl 2102 AT Koch (2002)°] T2 ARMIES] 53p18-0 2 i of

2000
@10 min. Elapsed 21 min. Elapsed 40 min. Elapsed
1600 _ —62 min. Elapsed —72 min. Elapsed 81 min. Elapsed
|
1200
a
<
2
2 800
2
z 99 min el d
400 p— . 99minelapsed
B o 81 min = 10 min
0 = —
0 50 100 150 200 250 300

Spindle Rotated Time (sec)

Fig. 12. Viscosity behaviors of water/cement/bentonite mixture at the low viscosity range with spindle rotated
time after 10 minutes stirring
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Fig. 13. Viscosity behaviors of water/cement/bentonite mixture at the high viscosity range with spindle rotated
time after 10 minutes stirring
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