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A Study of the Laboratory Scale Measurement Technique of
P —Wave Velocity for the Assessment of the Anisotropy of
Engineering Property of Rock
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This study was focused on the improvement of the measurement technique of P—wave velocity for the
assesment of the anisotropy of the engineering property of rock. Samples used were collected from a work-
ing quarry within the Carnmenellis granite area on which series of engineering geological data have been
accumulated. This study mainly concerned the development of measurement technique at the curved sur-
face of rock, the use of natural honey —based coupling agent and the drying method for rock specimen over
P,0;. According to the results, the range of the P—wave velocity anisotropy in two dimensional plane, fell
between 0 and 4.68 (%). The direction where maximum velocity occurred was parallel to the orientation of
the maximum in—situ stress. The result showed that P—wave velocity is a useful measure to asses the ani-
sotropy of the engineering property of rock and it is suggested that the improvements adopted here can be
applied to the experimental work on the racks in Korea.
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(Sayers et. al,, 1986). =& o] #F¥ &8 P
U S3te] Augnrl dojxe A4S ALS d=
B ZE&dE YR njAad EA9R-e] 4L A
F2EY BPEEY Hix F Fol UtH(Fred-
erick, 1965). ¢AEF e FololE dATe] &=
B2 o)&ale] SHAH U =43 T2 £,
FAAZA S FEHE FAHT FHABe g
Zotd 4T BALE 2ud 99 olgsy Yot
(King, 1964 ; Podi—Lucioni, 1968 ; Nur and
Simmons, 1969 ; Singh, 1976 ; Zang et. al., 1989 ;
Siegesmund et. al., 1991 ; Xu and King, 1992 ;
King et. al., 1995). '
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Fig. 1 Arrangement of cores for the measure-
ment of anisotropy of ultrasonic wave
velocity of rock @ (a) multiple cores (b)
multiple cut faces (from Sano et. al,

1992).
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21t} (Table 1).

Table 1. Natural weakness planes used for the
guarrying works.

Country (1) US.A. | (2) England | (3) Japan
Easiness of Rift Quartering way|  Ichiban
splitting rock Grain Cleaving way Niban
(increasing 1)| Hardway Tough way Kowa

(1) Peng and Johnson(1972)
(2) Exley and Stone(1964)
(3) Sano et. 2l.(1992)
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Fig. 2 Microcracks and jointing induced during
the geological processes.
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Fig. 3 Location and geology of the study
area : Carnmenellis granite in SW En-
gland (based on Parker, 1989).
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Fig. 4 Horizontal in-situ_stresses in the Carp-
menellis granite(after Pine ot. al., 1983).
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Fig. 5 Two major joint sets with respect to
the true north(after Whittle, 1989).
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345Ma)el HAE it Fez2 FHHS Utk
Carnmenellis 3}7¢+#dl= Hercynian(365—270Ma)
AL E 2 Znky](285—280Ma)ol multi—phase
Cornubian batholithe] d&-24 wex5th <] 3
ke AR, SRy, $E FoR ofRe
47)g gta) AN Fo 2 FAHY Utk ¢ A
o gzbebd Aute] AR 94T FALAEE 7HAE
Aoz oal4 glon], modal analysisel] £3hd o
o 30%, &Y 30%, AFEA 20%, BWEE 10
%, BER 6%, A7 2%, T4 1%, 7I8-4E
1% %08 FA= 1th(Ghosh, 1934 ; Exley and
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Stone, 1964 ; Whittle and McCartney, 1989). 4yt
1 dxte] HrlE 2-5mmE Holu YE A EA
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o] ==
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o]2& AR whye] JellA g Eolvh(Fig.
3).
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2 AEugERd $e transducers = Egeo

2 Qs Eel A= Ark(Fig. 6b). whebA )
23 36709 ARF Aol FAS 79 AE
& ByuEs 24 Y8 R A¥sA &
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Table 2. Dimension of specimens with sampling depth and basic material properties.

Specimen Depth from ground Diameter Height Dry density* Porosity* (%)
No surface(mm) (mm) (mm) (g/cm?)

HTS3- 4 314 120.32 53.24 2,64 0.32
HTS3-— 6 374 120.30 59.00 2.64 0.23
HTS3-— 9 607 120.24 45.50 i *e

" HTS 3-15 1078 120.44 44.69 2.64 0.26
HTS 4—- 1 53 120.62 44.70 2.64 0.41
HTS4— 6 267 120.06 56.35 2.64 0.30
HTS 4— 9 530 120.68 58.50 2.65 0.19

* The water temperature at the time of the Bouger density measurement was 22°Cjthe water density at this temperature was 0.

9978003.

++ Sample HTS 3—9 was not used for these measurement without any specific reason.
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Fig. 6 Measurement of ultrasonic wave veloci-
ty on hoop specimens : arrangement for
S-wave (a) and for P-wave (b).
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MARE 110°CE5°CR fAEHE #AZoBd yo
24 A7 FF Az FC(ISRM, 1981). kA5t 110°C
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71 & glen] (Bauer and Johnson, 1979), =3 <t
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strain energy) & AWAI7|E JEE sh= H4= 3
o2 (Colback, 1994 ; Engelder, 1994), & AT
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of oJsiM APe Lx¥sy)l AFHE= (King,
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S2HH74 % (coupler) 2| 0}

SHAH g A transducer7l FHE R A
& ¥ F UEF LFuFe] FAR FA =
L AAE A4S G oh(Fig. 7). 7 WA e 27
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Fig. 7 Dimensions of specimen (a), coupler (b)
and ultrasonic transducer (c).
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ParametricsAke] A &g AMEsch A4 dd A
L£EE AL gHxd Yre AFIA Hu o
& oMol FEE Agd dE2 7XEe A
e Hozm ¢z UM (Clarke, 1989;King,
1994). oo ®ja) B A" A& AFL F
Al AT FARER FH AL B EFF
Aod ¥ o2 4o oAl AT = dE A
Tl 23 B 2Agd ARRE AJHEL o[F hoop test
£ o233l AN & AFolfleonz #8422
Aol Abgg Ao

AN2elAtel 3712t ALEFme| 2|

P 454744 Ag3E Fue, ARYAa),
ARSl 27] §2 TSl BAE WESMoT U
= 242171 dojxlA HHISRM, 1981;King,

2 =
i =

1994).
(274 1) FaYA7] <B2e F3
(24 2) she} AEA $10x (U] FE=7)

B @FoA Al2EE PEg transducere] Foh4:
WeEs 500—900kHzelx, Psztel &£x8 Ui
5000m/sec2 & o, #}A4L& 0.56cm—lemZ AHHE
th 2 A7 A23 Carmenellis 872 AlEel4]
#EFe ¢A9 A= A 0.5em wltke]th.
EF A B dMFee o] ALARL
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™(Tao and King, 1990). & 7ol A% trans-
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Fig. 8 Graphic presentation of the experimen-
tal setup used.
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SHl B o4 2HL AV A9 Pk 2= 24780 O A

Pile| m&A|zte] FHEFoH, olF #E &F7 Table 5. Details of P-wave velocity measure-
F d&aIolA A& t, g WM At gE 0|25 ment on the Carnmenellis granite

o] Pi}e) 258 AEELCH(Table 3—Table 9). sample HTS 3-9 dried over P:0s.

Orientation | Arrival Aty P wave
Table 3. Details of P-wa\ga velocity measure- time velocity
Samele LTS 3o Grd over B0 6C) | tluseo) | (meo) | (m/sec)
0 32.125 21.198 5672
Orientation | Arrival Oty P wave 15 32.125 21.198 5672
time velocity 30 32.125 21.198 5672
6¢) tp(psec) (usec) (m/sec) 45 32.250 21.323 5639
0 31.875 20.948 5744 60 32.250 21.323 5639
15 31.875 20,948 5744 75 32.250 21.323 5639
30 31.875 20,948 5744 90 32.000 21.073 5706
45 31.250 21.323 5643 105 32.000 21.073 5706
60 31.250 21.323 5643 120 31.500 20.573 5845
75 32.125 21.198 5676 135 . 31.250 20.323 5916
20 32.000 21.073 5710 150 31.750 20.823 5774
105 31.875 20.948 5744 165 32.875 20.948 5740
120 31.875 20.948 5744
135 31.750 20.823 5778
150 31.750 20.823 5778
165 31875 20.048 5744 Table 6. Details of P-wave velocity measure-
ment on the Carnmenellis granite

sample HTS 3-15 dried over P:0s.

Table 4. Details of P~wave velocity measure- Orientation |  Arrival Aty P wave
ment on_ the Carnmenellis granite time velocity
sample MTS 3-6 dried over PQs. L 6¢) t,(sec) (usec) (m/s60)

Orientation | Arrival At, P wave 0 32.000 21.073 5715

time - velocity 15 32.000 21.073 5715
6(° ) tp('usec) (”sec) (m/sec) 30 32.000 21.073 5715
0 592,125 21.198 5675 45 32.000 21.073 5715
15 32.125 21.198 5675 60 32.000 21.073 5715
30 32.375 21.448 5609 75 31.875 20.948 5749
45 32.375 21.448 5609 90 31.875 20.948 5749
60 32.375 21.448 5609 105 31.875 20.948 5749
75 32,250 21.323 5642 120 31.875 20.948 5749
920 32.000 21.073 5709 135 31.750 20.823 5784
105 32.000 21.073 5709 150 31.750 20.823 5784
120 31.750 20.823 5777 165 31.875 20.948 5749
135 31.625 20.698 5812
150 31.750 20.823 8777
165 32.000 21.073. 5709
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Table 7. Details of P-wave velocity measure-

ment on the Carnmenellis granite-

sample HTS 4-1 dried over P;0s.

Table 9. Details of P-wave velocity measure-
ment on the Carnmenellis granite
sample HTS 4-9 dried over P:Os.

Orientation | Arrival At, P wave Orientation | Arrival Aty P wave

time velocity time velocity

o) t,(usec) | (wsec) (m/sec) 6(°) t,(psec) (usec) (m/sec)
0 32.250 21.323 5657 0 32.125 21,198 5693
15 32.250 21.323 5657 15 32.125 21.198 5693
30 32.375 21.448 5624 30 32.125 21.198 5693
45 32.500 21.573 5691 45 32.125 21.198 5693
60 32.750 21.823 5527 60 32.125 21.198 5693
75 32.875 21.948 5496 75 32.125 21.198 5693
90 © 32.750 21.823 5527 90 32.125 21.198 5693
105 - 32.625 21.698 - 5559 105 32.125 21.198 5693
120 32.500 21.573 5591 120 32.125 21.198 5693
135 32.375 21.448 5624 135 32,125 21,198 5693
150 32.500 21.573 5591 150 32.125 21.198 5693
165 32.375 21.448 5624 165 32,125 21.198 5693

Table 8. Details of P-wave velocity measure-
ment on_ the Carnmenellis granite
sample HTS 4-6 dried over P:0s.

Orientation | Arrival Aty P wave

time velocity

ac") t,( usec) (usec) {m/sec)
0 32.375 21.448 5598
15 32.375 21.448° 5598
30 32.750 21.823 5502
45 32.750 21.823 5502
60 32.625 21.698 5533
75 32.625 21.698 5533
90 32.625 21.698 5533
105 32.625 21.698 5533
120 32.125 21.198 5664
135 32.125 21.198 5664
150 32.125 21.198 5664
165 32.250 21.323 5631
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Fig. 9 P-wave velocity of Carnmenellis granite

as a function of the direction of wave
propagation relative to true north (6=
0°) 6, 63, Ji, J: denote the maximum in-
situ stress, the minimum in-situ stress
and two major joint sets, respectively,

Pzt &£x9] olArlsE AEEA (Vmax)ol
A Aoz (Vmin)g W #e H&EeEad o
& gE velhd & gler (&, [(Vmax—Vmin)
/Vmax]x100(%)), Z Al&e] cst Pxpe] o)
A&7 AEF T (Table 10).

AEAHAANEL o THA T Hog EHHY F
AE Holx] gki=th ol 94] AH HA Az7)
Im Jj2lel HHo] X3 W Eel Aoz Hzg
oo WSS BYPS IFe] PuEmrl Joxg
Hel dubale] 78k, nATEdel ¢&89 o
= gastA Ldedte 29 o|2F nad g &
¥ e] Aol (Einstein and Dershowitz, 1990
Reyes and Einstein, 1991) 2 <xjste= d¥dn=
233 ¢lvh, Al¥ HTS 3—9¢4 velhe ot
A A 4.68% T E & ol o] A9 al7kekal
FEH ojkAe] st HFA ARE AFH Fof
AR Azl defdd] A o T dE
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Table 10, Index to the anisotopy of ‘the P-

wave velocities measured on
Carnmenellis granite samples,
Depth from Sample Anisotropy
ground surface No index(%)
(mm) !
53 HTS 4—- 1 2.85
267 HTS 4- 6 2.86
314 HTS 3~ 4 2.34
374 HTS3-— 6 3.49
530 HTS 4— 9 0.00
607 HTS3— 9 4.68
1078 HTS 3—15 1.19
= o Hgk

@5 Carnmenellis t7h-E |63 P &9
oML EASE oS 7|Ee] ANAFEHH Al
vmg g 47y 22 9 30 g Ackieee
o3 2o

(1) Pat £=53& 53 <doe] Futg o4 H
7He FE-g 7bA ZEA (coupler) oF 44 2
&4 (couplant) & &-&3% H3A ZL3HA
AHL FPY & o, £ ALEE AR
£ o]%9 g 49 AEE + gith

AE AZA) AMEEE Azjese] gY 9§ A
B YR tjAgEe] A7 AL dAE7) {
g e4rsiel (P02 WL HAAHE AME
ste] Bzl dRAE & + Uk ol#F
Az vAFde] A=, AFA3AY
£l =] (residual stored strain energy) <} 749
WA Fol ol a9 ANEARYH € A
o2 G4 e A2 dYd F&8
v ZAFe I "aste,

ARFA, AHe 237 9 74, SAde] Fo
g 59 #AE T EFAY A g9
FEE ohg L DA e & sle AR
7 gk ' :

Pzl &= 23 & F3 o9 e Ay AR
v T &4 F ehyke] oW Hrisler
ddzog o8 4 ok

(2)
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