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Assessment of the Rock Strength using Borehole Acoustic Scanner
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Abstract : The purpose of this study is to provide the geo-technical information by assessment of the in-situ rock strength
using the reflected wave energy and travel time data acquired by the borehole acoustic scanner. In order to compare and
analyze the relationship between the uniaxial compressive strength and the reflected wave energy, the laboratory test and
the borehole acoustic scanning were conducted for the set of specimens, such as mortar, concrete, and rock samples which
have different rock type. Finally, we verified the applicability of the reflected wave energy acquired by the borehole
acoustic scanner to quantitatively estimate the in-sity rock strength.

Keywords : borehole acoustic scanner, reflected wave energy, reflected wave travel-time, rock strength, uniaxial
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Table 1. The specification of the mortar and concrete specimens. Table 2. The specification of the rock samples.

Sample Type Mortar Concrete Sample Type Outcrop

Number of Samples 8 8 Number of Samples 13

1\\]/[ixture . Cement : Sand Cement : Sand : Gavel Rock Type Granite, Andgsite,

olume Ratio =1:10~45 =1:035-13:035~13 Tuft, Gneiss

Dimension 250 mm x 250 mm x 300 mm (width x length X height) Location Jinan, Sunchang, Imsil
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Fig. 1. The distance and reflected energy ratio converted from the travel time and amplitude measured using borehole acoustic scanner. (a)
The measured distance and reflected energy ratio in case that the sensor is not located at the center of the borehole, (b) The measured distance
and reflected energy ratio in case that the borehole wall has a cavity.
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Table 3. The physical properties of the mortar and concrete specimens.
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Specimen P-wave Velocity —Density  Acoustic Impedance  Reflection ~ Uniaxial Compressive  Reflected Mixture Volume Ratio
Type (m/sec) (g/cm®) (10° x kg/m’sec) Coefficient Strength (kgficm®  Energy Ratio  (Cement:Sand:Gravel)
2,571 1.86 4,791 0.52 138 - 0432 1:10:0
3,089 1.94 6,007 0.60 226 0.513 1:15:0
3,225 1.98 6,379 0.62 309 0.544 1:20:0
3,199 1.99 6,365 0.62 325 0.548 1:25:0
Mortar
3,396 1.99 6,749 0.64 516 0.549 1:30:0
3,563 2.04 7277 0.66 542 0.585 1:35:0
3,489 2.03 7,077 0.65 577 0.504 1:40:0
3,714 2.05 7,613 0.67 622 0.603 1:45:0
3434 2.06 7,079 0.65 374 0.540 1:035:065
3,450 2.10 7,251 0.66 421 0.533 1:045:0.55
3,487 210 7,325 0.66 403 0.572 1:0.55:045
3,553 2.15 7,630 0.67 460 0.546 1:065:035
Concrete
3,514 2.07 7,251 0.66 457 0.606 1:070: 1.30
3,673 2.13 7,836 0.68 469 0.562 1:090: 1.10
3,463 2.14 7,896 0.68 516 0.582 1:1.10:090
2.10 7,079 0.65 441 0.643 1:1.30:0.70

3,564
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Table 4. The physical properties of the rock samples collected from the outcrops.
P-wave Velocity Density Impedance Reflection Uniaxial Compressive Reflected .
Rock Type (my/sec) (g/cm®) (10° x kg/m’sec) Coefficient Strength (kgf/em?) Energy Ratio Location
4,303 2.63 11,307 0.77 1,601 0.826
. 4,154 251 10,437 0.75 997 0.715 .
Granite Jinan
4,388 2.56 11,247 0.76 1,155 0.674
4,200 2.62 11,002 0.76 1,659 0.582
5,050 2.62 13,245 0.80 2,108 0.674
. 5,280 2.68 14,163 0.81 1,065 0.651 )
Andesite Imsil
4,847 2.64 12,789 0.79 2,588 0.755
4,725 2.59 12,256 0.78 2,561 0.720
4915 277 13,591 0.80 2,377 0.728
Tuff 4,659 275 12,873 0.79 2,022 0.702 Sunchang
4,421 2.57 11,353 0.77 2,077 0.723
4,168 2.56 10,659 0.75 1,312 0.823
Gneiss Sunchang
3,798 2.50 9,507 0.73 932 0.650
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Fig. 2. Comparison of the uniaxial compressive strength(UCS) with (a) the density, (b) the P-wave velocity, (c) the acoustic impedance and
(d) the reflection coefficient.
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Fig. 3. Comparison of the reflected energy ratio with (a) the density, (b) the P-wave velocity, (c) the acoustic impedance and (d) the reflection

coefficient.



287 FAF WHS o188 YUAE Frlel BE A7 231

A AT TAYE AlEe] S HMMX]%?J o3 In(G,u,) = 8.591 x (RER) + 1.744 )
e TR el Ao} ERjEte] AdtiH o R e WAy
Ago] AT A A5 A9, AlE U] g3t |
o] Aej7t Egsle], 235 “T‘/‘]Jéxz SN Akt Fadol] ¢
3 HEAleuR]go] 7Hagt R o= st 10(G,1 o) = 6.235 X (RER) + 2.176 (5)

A7V, Gy 58 YEASAT AFSHHS: kgffen?)
RER : WALl LR &

ARUAZZT oL HIAOILIXIBo| &2Hd BN

Fig 4= AR 955 w9} MAIIA &) BEE =
N Aol 2 FARFS WRIIARE AFUF A @sh A (59 FDAS 28T AT WA
Awe] gl el AsPsHos vasie A%E wolz & olgd AFYSYE I T VUL AP 2
At EaREs mEee ARel A9 Al BE ¥t JEom A8d & 98 Aow slhEn
AEEo] YEh AR, 44 Mg A dS5USAEe] B
WMeZh WA UehE ol kel me) gusiee ARe  HE X2l et S
Ho&ETHFig. 4(a)). ©] A7 &L 71Ee] Al w ANAF S Feija RIS dFUFATL AR E-4
2E Agalo] Welhol AR AN Ao el
3l A=t 7 o) sy Ee) Al BAe B8 A Table 5. The physical properties of the field data.
Z2 §x] el 2Fgol o= =F | Fig, 4(b)e} 7ol Al Rock Uniaxial Compressive ~ Reflected Energy [ .
5 .
< 59 5% Ao thatel slARA L AAserh vhee Tpe  Suength (keffem) Ratio
EX) = ) =] ,390 0.772
YEASAE S} WAl A gl tjat B7RAE Saiel A e b
P : ‘ Chunch
& Aol Granite 1,680 0.805 uncheon
1,500 0.829
In(o,) = 7.098 X (RER) + 2.173 3
2,250 0.806 Jangseong
A7IM, 0, FAH AEUSA=EY: keflem?) 2,020 0.784
RER : WRAlogA]-& Schist 1,670 0.742 Jangseong
1,800 0.769
73718 uks} 2o ARG A HEAAVE WAL O 1,790 0.800
wE Jest Ago] A, RS ?332} o] gkt 1,700 0.797
shatol] 3k B4% Ssslanh 2 @9} 2 5y 22 39 Gneiss 1132(()) 82;491 Chuncheon
Bale] 3lst skl ek ol 1250 0508
3000 —
1< Mortar : 3000 it Curve Equation }1 / :
+|@ Concrete| an-an 7 1MUCS) = 7 008t eyl +2.179
9500 1A Rock . 5 A 2500 -] Caefficient of determination | 7 = 078026 Ié e _
] , o auf - : ks it Curve
& 2000 & 2000 ~ 5
g i ‘ g ] / /
5 1 2 =4 1 i N
£ 1500 4 o £ 1500 7 7 7
%) - A N 4 9 4N
a 1 ng‘r o 8 1 UpperEoundary%; // )/ A
> 1000 ] Gt S 1000 At
] - 7 P
N > ’ an : Andesite -4 A
500 o Tuff 500 A7 Lower Boundary
7 e gr : Granite T rs
4@ gn : Gneiss p i ; . :
o Ilillli\lillllllllll O T T [T {1 [ 1T 77717 f3 (1§11
0.4 0.5 0.6 0.7 0.8 09 0.4 0.5 0.6 07 0.8 0.9
Reflected Energy Ratio Reflected Energy Ratio
(a) (b)

Fig. 4. Relationship between the reflected wave ratio and the uniaxial rock strength using the reliable results of the laboratory test with (a)
respect to the rock type and (b) the regression curve.
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Fig. 5. Relationship between the reflected wave ratio and the uniaxial rock strength using the reliable results of the laboratory test and the

field data with (a) respect to the rock type and (b) the regression curve.
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