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Abstract

Soil conditioning is one of the key factors for successfull tunnel excavations utilizing
the earth pressure-balanced (EPB) shield tunnel boring machine (TBM) by increasing
the tunnel face stability and extraction efficiency of excavated soils. In this study,
conditioning agents are mixed with the weathered granite soils which are abundant in
the Korean peninsula and the workability of the resulting mixture is evaluated through
the slump tests to derive and propose the most suitable conditioning agent as well as
the most appropriate agent mix ratios. However, since it is cumbersome to perform the
slump tests all the time either in the laboratory or in-situ, a simpler test may be needed
instead of the slump test; the fall cone test was proposed as a substitute. In this paper,
the correlation between the slump value obtained from the slump test and the cone
penetration depth obtained from the proposed fall cone test was obtained. Test results
showed that a very good correlation between two was observed; it means that the
simpler fall cone test can be used to assess the suitability of the conditioned soils
instead of the more cumbersome slump test.

Keywords: Soil conditioning, Weathered granite soil, Workability, Slump test, Fall
cone test
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(a) Laboratory-scale foam generator (b) Fall cone test apparatus

Fig. 1. Experimental apparatus used in laboratory-scale tests
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Fig. 2. Flow rate of foam versus FER
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Fig. 3. Particle size gradation curves of the two weathered granite soils

Table 1. Physical properties of two types of weathered granite soils

Soil 1 Soil 2
Percent passing through a #200 sieve (%) 17.1 1.2
Initial water content (%) 10 10
Dry unit weight (kN/m®), ¥ « 16.70 19.08
Consistency NP NP
Gs 2.62 2.64
Unified classification SM SP

Note: v 4 Value was obtained from the compaction test, ASTM (2012) D698-12¢2
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Table 2. Properties of the foam used in the experiment (Kim et al., 2018)

Parameter Value
Type MAK foam
Density 1.02~1.03
PH 8~9
Cr (%) 2
FER 10
FIR (%) 22,45, 67, 88
Supply pressure (bar) 6

4.1 &I M3(Slump test)

Kim ct al. (2018)2 B'd 2ol et 8P Bokz] Hgh| S 317] 9J8) Bulol & 744012 vholr i
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w (25%) + FIR (88%)

w (30%) + FIR (22%) w (30%) + FIR (45%)

w (30%) + FIR (67%) w (30%) + FIR (88%)
(@) Soil 1

Fig. 4. Soil samples with the variation of water content and FIR

w (35%) + FIR (22%)
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w (10%) + FIR (88%) w (15%) + FIR (22%) w (15%) + FIR (45%)

w (15%) + FIR (67%) w (15%) + FIR (88%) w (20%) + FIR (22%)
(b) Soil 2

Fig. 4. Soil samples with the variation of water content and FIR (continue)
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Table 3. Slump values and cone penetration depths of conditioned soils

. Slump value | Cone penetration | Estimated values using
Soil FER FIR (% % . .
o ) w () (mm) depth (mm) correlation Equation (6)
10 22 25 27 11.6 27
10 45 25 40 15.17 51
10 67 25 57 17.3 65
10 88 25 79 19.8 82
10 22 30 118 26.7 129
Weathered 10 45 30 130 26.9 131
granite soil 1
10 67 30 165 27.6 135
10 88 30 211 40 220
10 12 35 185 37.6 203
10 22 35 190 37.7 204
10 45 35 213 40 220
10 88 10 32 10.9 22
10 22 15 120 26.7 129
Weathered 10 45 15 160 27.2 133
granite soil 2 10 67 15 190 36.8 198
10 88 15 228 40 220
10 12 20 250 40 220
2 w(35 %) 2 w(20 %)
0 w(30 %) o w(15 %)
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& E
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Fig. 6. Cone penetration depth with the variation of water content and FIR
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