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ABSTRACT

In this study, the relationship between /n situ seismic wave velocities and RMR (rock mass
rating) was investigated in a test bed for the examination of the basis of rock classification
(RMR) based on seismic wave velocity. The seismic wave velocity showed a monotonous
increase with depth. It was also found that there was no systematic correlation between the
seismic wave velocity (Vp) and other parameters (RQD, joint spacing, UCS, rock core Vp, and
RMR) collected at the same depth of the same borehole. However, correlative relation was
observed among RMR, RQD, and joint spacing. On the other hand, when all the data in the
borehole (three holes) are examined without considering the depth, Vp still shows no
correlation with RMR parameters (e.g., correlative coefficient for uniaxial compressive
strength and joint spacing are 0.039 and 0.091, respectively), but VVp shows weak correlative
relation with RMR and RQD (correlative coefficient for RQD and RMR are 0.193 and 0.211,
respectively). Thus, it is found that it is difficult to deduce physical properties of rock mass
directly from seismic wave velocities, but the seismic wave velocity can be used as a tool to
approximate rock mass properties because of weaker correlation between Vp and RMR with
RQD. In addition, the velocity value of for soft and moderate rocks suggested by widely used
construction standards is slower than that of the observed velocity, implying that the
standards need to be examined and revised.
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Table 1. Geotechnical investigations carried out in this study

Details
3 holes (depths; BH-1: 35.5 m, BH-2: 30.5 m, BH-3: 30.5 m)

Geotechnical investigations

Boring investigation

1 Line (length: 125 m) encompassing the 3 holes

Seismic refraction survey

measurement at 1m intervals for the 3 holes

Downhole test

imaging for the 3 holes

Optical televiewer

68 specimen (test spacing: 1 m)

Point load test

15 specimen

Young’s modulus & Poisson’s ratio

15 specimen

Uniaxial compressive test

Laboratory
rock test

68 specimen (test spacing: 1 m)

Seismic velocity test
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Fig. 2. Boring log (WR: weathered rock, SR: soft rock, MR: moderate rock, HR: hard rock)
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Table 2. Results of RMR evaluation for the three borehole

Discontinuity

No. rock type ucs RQD . Condition of joints ~ Groundwater total
spacing

soft rock 2~12 6~15 5~8 7~17 0~10 32~53

BILI 5) (10) (7.6) (11.5) 8.7 43)
moderate 2~12 12~20 8~15 921 10~15 41~73

~hard rock ©6) (16) (10) (16.9) (10.4) 59
soft rock 2~7 9~14 8 14~15 7 41~46

BHL (3.6) (11) ®) (14.6) @) (44)
moderate 2~12 14~20 8~10 11~23 7~15 49~80

~hard rock 8.5) (17) 8.8) (18.6) (10.6) (64)
soft rock 4~7 3~20 5~10 8~20 7~15 27~70

BHA3 (5.5) (12) 8.2) (13) 9.3) (48)
moderate 2~12 10~20 8~15 10~29 7~15 40~91

~hard rock (8.6) (16) (10.3) (19.5) (10.7) (65)

ARl 48] 3700] AFZoA] Shelsl RQD, Hel7He, A%, o UL, @4 PIIE, RMR 452
A TASGCFig. 7). ZofelA 1%l RQDE A/t 571 ) il 0 2 o] F7tsta glon], HeiAE 3l 27t
sl o] tepdthFig. 7 (a-1)~(a-2), (b-1)~(b-2), (c-)~(c-2)).
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Table 3. Linear regressions between Vp and RMR parameters

In-situ Vp (km/s) Rock core Vp (kmv/s)

Parameter . 2 ; 2

correlation R correlation R
UCsS Vp=0.0039-UCS +3.05 0.039 Vp=0.0049-UCS +3.24 0.141
RQD Vp=0.0217RQD + 1.72 0.193 Vp=0.0075-RQD +3.08 0.052
Discontinuity spacing (DS) Vp=0.0016:DS +2.94 0.090 Vp=0.0004-DS + 3.54 0.013
Condition of joints (CJ) Vp=0.0802-CJ +0.14 0.138 Vp=0.0357-CJ +3.03 0.062
RMR Vp=0.0369RMR +0.21 0.211 Vp=0.0163RMR +2.63 0.094

5.3 ZAFS S5 EISE St ot BEF M| ]

QA el A1) Qo 1Eete] A TPt 418 ANBEEA 7119 knys)Th SRl @ Ble] AuEALEE
B 71225 ka/s)e| 21§ ke] A9} BEQLO R o dul S #9500 Table 4). AMPEAEZEAE 7102 BH-2
S} BH-3 A5 Fol AT 285 BAInH RANAIoL: 2121 0.4 m, -1.5 )b S1H4] Shat SAkHol: 217} 1.4 m, 3.5 m)olH 27
o]& 1ol gigtor BH-1 Alﬁwmsm(%w A bk 20 m(SFFA) B4t A 2 AR A3 m)el chel 5t
4] e} RhARCR 2 S Aol B Kol BT, 5t PABAL HEEA 71E0IAE BH-1 A580] BH-2,
BH-3 A3t 244 St g4k Aol of e Aole Belrt

HIAE HEolH EAS] A7 G 73 ol AL HPH O] bt &rieol 2AAGH BALRO] QR IIET A ALt AlFE
A 271 AR RIS 27 AL} Bl 2 At kARt EAR] AP AL 9ol T EAL Ake] 2ol } e, A

F2A B e BB 7 sk kA Urehde, 2, 2 Bl olet i S mE) Ueh e ZgE0 2 <)
Sle] ik BESTe] ZAwo] AR LA . oloh 268 7T Lec and Park (2017)¢] Aol AL
257 ek

Table 4. Comparison of depths for the boundaries between soft rocks and moderate rocks, among construction standards and
observed in the three boreholes

BH-1 BH-2 BH-3
Parameter seismic downhole seismic downhole seismic downhole
refraction survey test refraction survey test refraction survey test
constrt{ctlon §tandard depth at Vp= 7m 14m 9m 10m om 7m
production unit system 1.9 km/s
Korea engineering & - depth at Vp = 9.5m 20m 10m 11m 11m 9m
consulting association 2.5 km/s
depth of the boundaries inferred from 23.0m 96m 125m

drilling
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Fig. 11. Elastic wave transmission path of seismic refraction survey and downhole test
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Fig. 12. Graph of velocity change during weathering (E= 23 GPa, p= 2,640 kg/m?, v=0.24): (a) Young's modulus, (b) Density, (c)
Poisson's ratio
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