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ABSTRACT
Received: August 16, 2022 This study conducted tunnel blasting to evaluate the blasting effect of a shear thickening
Revised: August 22, 2022 fluid-based blasting stemming material and a sealed plug device under development. STF

single stemming and STF stemming materials were combined with plugs to a tunnel blasting
to which the SAV-Cut method was applied, and the advanced rate and fragmentation of
tunnel blasting muck pile were compared when sand stemming was used. Tunnel advanced
rate was evaluated using a 3D laser scanner. When the STF stemming material and STF
stemming material with the plug were compared to the sand stemming material, it increased
by 5.7 and 5.36%, respectively. As a result of evaluation of the fragmentation of tunnel
blasting muck pile, it was the best when the STF stemming material was applied, and it
decreased by about 61% compared to the case of sand stemming blasting. However, no
significant improvement in blasting effect was observed with the application of plug devices.
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Fig. 1. STF (shear thickening fluid) based stemming and plug device
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Fig. 2. Schematic of shear stress-shear strain plot for Newtonian and Non-Newtonian fluids (Ko et al., 2022)
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(a) STF-based stemming material image (b) Package products

Fig. 3. The STF-based stemming material image and package products
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Fig. 4. Rheological behavior results of the STF-based stemming material (Ko et al., 2022)
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(a) SAV-cut blastmg pattern (b) Face drilling shape
Fig. 5. Concept of SAV-cut (Kim et al., 2007)

Table 1. The charges per hole according to the location of the tunnel part

Index Center hole Cut holes Cut spread holes Floor holes Contour holes

Finex

2
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Charge weight 04 12 0.8 12 0.6
(kg)
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(a) Before blasting (b) After blasting

Fig. 6. Evaluation process of excavation rate using 3D scanner

(c) Adjustment
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Fig. 7. Excavation process modeling
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(a) Excavation volume (b) Overbreak (©) Volume (without overbreak)

Fig. 8. Model of excavation rate evaluation
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Fig. 9. Look-out (No, 2015)
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Fig. 10. Excavation volume considering look-out or design section (top view) (No, 2015)
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Table 2. The evaluation of tunnel advance rate by using 3D scanner
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Fig. 11. The tunnel advanced rate obtained by applying different stemming case
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Table 3. Analysis results of blast fragmentation

Passing rate Sand stemming STF-based stemming STF-based stemming combined plug
D10 size (mm) 95.99 20.11 32.70
D50 size (mm) 257.47 66.97 92.13
D80 size (mm) 400.25 105.17 146.39
D100 size (mm) 694.00 267.00 369.00
Xc (mm) 311.95 96.60 112.69
n (Unifromity Index) 1.91 1.82 1.82
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Fig. 12. Fragment rock image, contouring, histogram, and cumulative size curve of fragmented block (sand stemming case)
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Fig. 14, Fragment rock image, contouring, histogram, and cumulative size curve of fragmented block (STF-based stemming with
plug case)
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