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Predicting the Uniaxial Compressive Strength and Young’s Modulus
of Rocks using Ultrasonic Velocity
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ABSTRACT : The uniaxial compressive strength and Young’s modulus of intact rocks are the most important analytical parameters
for design of rock mass structures. But the preparation of the samples for uniaxial compressive test is a hard and time consuming
task. By using ultrasonic test, engineers can predict the analytical parameters that is the uniaxial compressive strength and Young’s
modulus. The uniaxial compressive test and ultrasonic test were carried out 115 samples of igneous rocks, 74 samples of metamorphic
rocks and 55 samples of sedimentary rocks and, after regression analysis of the test results, best fit equations for predicting the
uniaxial compressive strength and Young’s modulus are proposed. In order to obtain a better correlations coefficient between uniaxial
compressive strength and P-wave velocity, the P-wave velocity were multiplied by density values. The proposed equations for
predicting uniaxial compressive strength and Young’s modulus using ultrasonic test provide reliable results.
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UCS=0.1564 Vp—692.41 (r* = 0.8018) 5)

UCS=0.0144 Vp—24.856(r* = 0.5099) (6)

o}7]A V& PukE(m/sec), UCSE U571 (MPa)
ott.

Sharma & Singh(2008)-2 177]9] ALY, 47119 AR, 8
Al Ao, 47e] SR, S Ak 1079 Bk

ol gato] UERIHYE} PuldES 24510l Be. (DT} 2

A4S AlbstAch

KN
Ucs=9.95V,*'(r* =0.83) ()
o UCS=0.0642 Vp—117.99(r* = 0.9022) (7)
o}7]4 UCS: A&EHZ=(Mpa), V= Pupkzolch
Table 1. Proposed equations for predicting uaniaxial compressive strength
Parameters Equations a b r?
ucs, v, UCS= aexplb/ V] 165.05 -4,451.07 0.70
ucs, V,, v UCS= aexplt/ (vV,)] 14247 -9,560.57 0.77
Ucs, E, UCS=aE,/(b+E,) 122.11 39.37 0.77
Table 2. Proposed equations for predicting static young’s modulus
Parameters Equations a b r?
E.V, E =aV} 2.06 2.78 0.92
E,E, E =aE} 0.25 1.29 0.92
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Table 3. The Statistical analysis of the test results
Parameters Density Vp uCs Young’s Modulus
(KN/m”) (m/sec) (MPa) (GPa)
Sample number 115 115 115 115
Max. value 27.55 5,247 143.29 15.86
I
gnec;(us Min. value 2357 1,455 23.83 4.48
rocC.
Average 26.01 3,569 83.45 10.22
Standard deviation 0.74 935.69 29.13 2.74
Sample number 74 74 74 74
) Max. value 28.32 4,885 130.53 14.73
Metamokrphlc Min. value 25.10 1,658 39.60 4.16
roc
Average 26.71 3,247 87.38 10.31
Standard deviation 0.50 878.75 24.40 2.61
Sample number 55 55 55 55
Max. value 28.40 5,048 134.45 15.02
Sedimentary 3
rock Min. value 21.54 2,235 31.79 5.34
Average 25.50 3,432 67.67 8.66
Standard deviation 1.68 709.2 23.63 2.15
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Table 4. Results of predicting equations for uniaxial compressive strength

H4of o 2 AHYS Uehe.
W7l TRt A sheh WA, &

Parameters Equations a b 7
UCS=b+aV, 0.0273 -13.8483 0.7665
I
gheous UCS=a v 0.0045 1.1989 0.7695
rock L
UGs=b+a(V,7) 0.0011 -14.4323 0.8044
UCS=b+aV, 9.0060 0.0241 0.7555
UCS (MPa), Met hi
(MPa) clamorpue UCS=a v 0.0678 0.8862 0.7558
Vp (m/sec) rock Ld
Ucs=v+a(V,y) 0.0009 10.3946 0.7583
UCS=b+aV, 0.0252 -18.7287 0.5707
Sediment:
edimentary UcS=av? 0.0017 1.2900 0.5772
rock
UCS=b+a(V,7) 0.0010 -16.0315 0.7309
Table 5. Results of predicting equations for Young’s modulus
Parameters Equations a b r?
E=b+aV, 0.0026 1.0790 0.7655
Igneous E=aV’ 0.0068 0.8944 0.7636
rock Ld
E=b+a(V,7) 0.0001 1.0376 0.8010
E=b+aV, 0.0026 1.7902 0.7779
E (GP Met hi
(GPa), clamorpe E=aV’ 0.0155 0.8050 0.7820
Vp (m/sec) rock !
E=b+a(V,7) 0.0001 1.9597 0.7773
E=b+aV, 0.0022 0.9608 0.5495
Sedi t;
caumentaty E=al? 0.0052 09117 0.5462
rock
E=b+a(V,7) 0.0001 1.3591 0.6743

56 Predicting the Uniaxial Compressive Strength and Young’s Modulus of Rocks using Ultrasonic Velocity



FaL ES BRlske Aufear WekH Fig 13 Fig. 2+
2A7ke] Bajol] ofa] Aol A Lheht Prjdwel Tl
TEe e U 5SS B Ay e v
ekl Aolck
ool A Akg olgsto] PulEg ol8d A
Sdret SdAS 4 wAA N sl AL T AA
ASY=d et Sl 544k vlaLE Fig 33 Fig. 49]
160
© 140 |
o
2
£ 120}
[
5
& 100
g
? 80
o
Qo
£ 60f
Q
o
S 40}
8
=
S5 20
UCS=-14.4323+0.0011 (Vp*p) (*=0.8044)
ng103 40;103 60xl103 soxl1o3 100;(103 1zo;<1o3 14o;<1o3 160x10°

P-wave Velocity (m/sec)* Density” (kN/m®)

(a) Igneous rock

Uniaxial Compressive Strength (MPa)

25 UCS=10.3946+0.0009 (Vp*y) (2 =0.7583)
206100 401" 60x10° 80100 100x10°  120x10°  140X10°  160x10¢
P-wave Velocity (m/sec)* Density (kN/m®)
(b) Metamorphic rock
160
1a | UCS=-16.0315+0.0010 (Vp*y) (=0.7309)

Uniaxial Compressive Strength (MPa)

40x10° 60x10° 80x10°  100x10®  120x10°  140x10°

0
20x10°

160x10°

P-wave Velocity (m/sec)* Density (kN/m®)

(c) Sedimentary rock

Fig. 1. P-wave velocity versus uniaxial compressive strength
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Fig. 2. P-wave velocity versus Young's modulus
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