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Physical Properties of and Joint Distribution Within the Cheongju Granitic
Mass, as Assessed from Drill-core and Geophysical Well-logging Data
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Abstract: To clarify the distribution of joints and fracture zones in the Cheongju granitic mass, we analyzed drill-
core and geophysical well-logging data obtained at two boreholes located 30 m from each other. Lithological prop-
erties were investigated from the drill-core data and the samples were classified based on the rock mass rating
(RMR) and on rock quality designation (RQD). Subsurface discontinuities within soft and hard rocks were exam-
ined by geophysical well-logging and cross-hole seismic tomography. The velocity structures constructed from seis-
mic tomography are well correlated with the profile of bedrock depth, previously mapped from a seismic refraction
survey. Dynamic elastic moduli, obtained from full waveform sonic and y-y logging, were interrelated with P-wave
velocities to investigate the dynamic properties of the rock mass. Compared with the correlation graph between
elastic moduli and velocities for hard rock at borehole BH-1, the correlation points for BH-2 data showed a wide
scatter. These scattered points reflect the greater abundance of joints and fractures near borehole BH-2. This inter-
pretation is supported by observations by acoustic televiewer (ATV) and optical televiewer (OTV) image loggings.
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Fig. 1. Flowchart of the research stream in the present study.
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Fig, 2. (a) Photograph of an outcrop (Kim et al., 2005)
located approximately 200 m northeast of the study site (b).
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Fig. 3. Lithological description of the Cheongju Granite
at the study site (modified from Lee et al., 2010b).
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Table 1. RMR parameters and their values for soft and hard rocks near the two boreholes.

Soft Rock Hard Rock
NO. Rock Mass Rating
BH-1 BH-2 BH-1 BH-2
1 Strength of Intact Rock 7 5 12 8
2 RQD 10 8 20 13
3 Spacing of Joint 8 8 13 9
4 Discontinuity length(Persistence) 10 9 15 13
5 Ground water 3 3 3 3
Total RMR Range 38 33 63 46

Table 2. Uniaxial compressive strength data obtained from Schmidt Hammer values.

Density (kg/m°)

Schmidt Hammer value

UCS (Mpa)  RI

BH 1 Soft rock 2650 40, 45, 48, 55, 38, 35, 36, 42, 30, 40 55~90 7
Hard rock 2780 50, 52, 55, 50, 60, 58, 58, 52, 54, 52 150~250 12
BH 2 Soft rock 2560 32, 38 36 ,32 38 38, 40, 34, 42, 36 60~70
Hard rock 2670 42, 42, 40 36, 48, 46, 44 46 48 40 100~120
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630.% vl g Pubgood rock) o8 Bl=A| T
BH29) RMR #h& 460 RBE Alelo] hkfuir rock)
o2 FRI=

Teble 1] AH8-8 4% AEA=Ee NEE 3F
50mm, Z°] 100mme] #Y& Z7|E Azsld 23
g Uixel P7hAR F 2038 eHE3 49 1039
B2 HEg W E Ax 2 d4F 4=

A E(Deere and Miller, 1966)8 ©)-8-3} AFg3st
% TH(Table 2).

Foj9] Ha] AeiE 1] A3 AFFe] A=
£ 7|9k 2 TCR¥ RQDE A BtHTable 3). o
3]4-g¢ TCRS BH-17} BH2 2% £& Hej £31%
t}. RQDE 358 FololA 0.1 m o|3ke] Fo] dojg
A Unlx] Foje) FHolE WEER ey
RQDE ARKrozA tialgel Hele] JeE AT
4 stk AYE 71:eg € u BH2949 RQDE
BH-19142] gtuch g WA vehle Hes £ o
BH-2 #2¢] 7] wfule} Ha] Fo] HuiFes ¥
o] wgsh= Aoz s

AFRoE EUZ AFFYE 7158 43 B
&) At Aste] AAW SO A Ay
9 2EE AT & AR 22 AN B

Table 3. TCR and RQD values for soft and hard rocks in terms of depth within the two boreholes.

BH-1 BH-2
Depth(m) Depth(m)
TCR(%) RQD(%) TCR(%) RQD(%)
36.8-39.6 100 43 26.3-28.4 100 29
Soft Rock
Soft Rock 39.6-42.2 85 24 28.4-30.5 100 46
422-442 100 55 30.5-33.6 93 59
33.6-36.4 100 53
44.2-46 4 100 86
36.4-39.4 100 19
46.4-48.3 100 100 Hard Rock 39.4-42.6 100 49
Hard Rock
48.8-51.8 100 99 42.6-45.0 100 43
45.0-48. 100 32
51.8-52.8 100 61 0

48.0-50.0 100 0
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Fig. 4. (a) Profile of the depth to bedrock, as obtained from a seismic refraction survey (Lee et al., 2010), and (b) velocity
structure obtained from cross-hole tomography. Velocities in the white rectangle appear to be variable at the depth of hard rock
near borehole BH-2, indicating the development of fractures and joints.
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Fig. 5. Seismic P-wave velocity versus the dynamic elastic moduli £, K, and G, of (a) soft rock and (b) hard rock at BH-
1, and of (c) soft rock and (d) hard rock at BH-2. Compared with BH-1, the data points for hard rock at BH-2 show a wide
scatter, which is related to the large number of joints and fractures near BH-2.
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Table 4. Velocities and densities of soft and hard rocks near the two boreholes.
Velocity(m/s) Density(kg/m°)
. standard . max aver standard
i max VAL 4eviation min 32¢  deviation
P 2865 5780 3850 897
Soft rock 1760 2170 1980 130
BH-1 S 911 1802 1295 266
P 5155 5814 5560 247
Hard rock 1760 2370 2060 170
S 1244 1629 1499 155
P 2747 3610 3192 305
Soft rock 1960 2190 2100 60
S 987 1127 1035 54
BH-2 P 3268 5780 4429 604
Hard rock 1740 2410 1970 200
S 1198 2865 2041 449
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Fig. 6. Acoustic televiewer and optical televiewer images of hard rock at (a) BH-1 and (b) BH-2. The two logs on the left
(“Travel time” and “Amplitude™) represent the acoustic televiewer images; that on the right (“BOREHOLE VIEW”)
represents the optical televiewer image. Arrows indicate events from the joints, which are clearly shown for BH-2.
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Fig. 7. Full waveform sonic and y-y logging data from boreholes (a) BH-1 and (b) BH-2. Also shown are acoustic
televiewer and optical televiewer images from (c) BH-1 and (d) BH-2. The two logs on the left (“Travel time” and
“Amplitude”) represent the acoustic televiewer images; that on the right (“BOREHOLE VIEW™) represents the optical
televiewer image. Y~y profiles were constructed using a measurement interval of 0.01 m. The interval between the dashed
lines (a, b) represents the analysis window for the image logs (c, d).
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Fig. 8. Orientations of joints and fractures analyzed from the acoustic televiewer image logs. Counts are the total number
of joints. Note that the number of joints for BH-2 is approximately double that for BH-1, due to the large number of joints

and fractures in the hard rock at BH-1.
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