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ABSTRACT

The grid-type or room-and-pillar method is applied for the purpose of mining horizontally
buried minerals. In this study, design and pilot test were performed to apply the room-and-pillar
method which uses natural rock as a rock pillar to the construction of underground space. The
area where the pilot test was conducted was in stone mine and had good rock conditions with
an appropriate depth (about 30 m) to apply the pilot test. The pilot test site was selected by
reviewing accessibility and ground conditions and then site construction was performed
through detailed ground investigation and design. The pilot test was designed with a column
shape of 8x8 m and a cross-section of 8x12 m. The blasting pattern was determined through
test blasting at the site, and blasting of 3 m excavation with 89 holes was performed. Through
field observations, the average width of 12.5 m and the average height of 8.3 m were
measured. Therefore, it is possible to proceed similar to the cross-sectional shape considered
in the design.
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Table 1. Results of laboratory test

. Unit weight . . . .. Indirect tensile
E (GP P > h MPa) Inf fii °
Site KN/’ UCS (MPa) (GPa) oisson’s ratio  Cohesion (MPa) Internal friction (°) strength (MPa)
S-1 28.18 177.8 82.89 0.294 30.30 533 11.96
S-2 25.98 170.9 54.85 0.276 27.98 543 10.02
S-3 27.65 113.3 62.70 0.315 25.95 41.6 10.70
S-4 27.85 92.2 68.35 0.271 16.46 51.9 9.35
160 - - - 800
o Lateral strain Auxial strain 50 | e Hinehe-Birwn Fil
e Mor-Ctilamb Fit 500
120
o 200
= 100 %
S wi 2 150 w
i 3 100 -3
40 o
20 4 T
Fa1‘300 2000 a 2000 4 000 6000 -2% 50 0 130 1601 20 280 20 4510 5 © 5 10 15 20 25 0
Strain (x10%) Normal Stress (MPa) a; (MPa)
(@) Uniaxial compression test (b) Triaxial compression test
Fig. 1. Compression test results from pilot test site (5-2)
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(a) Direction of fault (b) Faults intersecting in a tunnel

Fig. 2. Results of field fault survey
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(a) 3D model (b) Fault intersection expected area at test bed

Fig. 3. Fault distribution prediction through 3D model
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Tl(Fig. 59 6). TRbA, Z|5HE7H B QI Al 71 Aok AR A0 okl
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(@) HBH-112.0~18.0 m (b) HBH-2 12.0~18.0 m

0cm 10 20 30 a0 50 60 70 80 90 100 0cm 10 20 30 a0 50 60 70 80 90 100

(c) HBH-1 36.0~42.0 m (d) HBH-2 36.0~42.0 m

Fig. 5. Condition of rock samples
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Fig. 6. Horizontal drilling log of test bed
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Table 2. Results of laboratory test by horizontal drilling

U?&V:;g)ht UCS (MPa) E (GPa) Poisson’s ratio Cohesion (MPa) Intema(loi'r ietion :::;;ﬁ Em;
14-15m 26.12 201.8 66.79 0.310 26.68 59.7 11.237
(l;l(?é{;rll) 30-31 m 26.13 207.5 64.70 0.349 25.59 61.6 9.478
44-45m 26.12 175.6 56.95 0.336 22.49 61.8 7.737
19-20 m 26.10 185.7 55.31 0.361 22.46 62.4 10.313
(215?;31) 40-41 m 26.13 168.6 55.59 0.401 20.38 62.9 9.894
61-62 m 26.07 199.1 63.96 0.392 26.43 59.6 10.393
Avg. 26.11 189.72 60.55 0.358 24.00 61.3 10.175
300 ¢ 500 -
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Fig. 7. Triaxial compression test results from pilot test site (HBH-2)
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Fig. 8. Floor plan and standard cross section of test site
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Table 3. safe factor depends on W/H and S/H

S/H
1.0 2.0 3.0 4.0 5.0 6.0
0.5 1.34 0.87 0.54 0.00
1.0 2.38 1.07 1.00 1.00 0.90 0.80
W/H 1.5 3.02 1.54 1.00 1.00 1.00 1.00
2.0 5.15 3.18 228 1.90 0.00 0.04
3.0 5.58 3.76 2.76 2.01 1.56 0.06

*W, H : width and height of rock pillar, S : roof span, [_]: > 2.0 stress-strength ratio
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AR A AASHL Qs S7AUET G (NIEAS Ho|B s 3 2|ES BPdoR] b FA|H AJHlelAE nlagt
A 9 =2 /-3 B[S S ok 21 0 = Alm v, AR wjd s B|IAE Aofli= 2[5He] E2had 2 de| 7k 5o
At =32 E S Algsiglon = 271 Qb g s A 0 2 TE| gl

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 6, 2023



Pilot Test of Grid-Type Underground Space Considering Underground Complex Plant Operation < 479

_FLAC3D 7.00 FLAC3D 7.00
Zone Z Displacemen 1 Zone Displacement Magnitude
Cut Octant: on b Cut Octant. on back
T.1515E-04 7.2457E-04
I 7.0000E- 7 WWE 04
S o00E.0t & ooE 0t
30000E.04 S o000E 04
= |
D‘m‘ﬁ 3.0000E-04
S o0 04 Erer
4.0000E-04 1.5000E-04
I -5 D00DE-0d. 1.0000E-04
o0 | e
(a) Vertical displacement (Max. 5.75 mm) (b) Total displacement (Max. 7.25 mm)
FLAC3D 7.00 FLAC3D 7.00
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Fig. 9. Structural analysis for test site
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(a) Drainage plan at roof (b) Construction sequence plan

Fig. 10. Drainage and construction sequence plan
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Fig. 12. Excavation status of the pilot test site
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