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Study on rock physical interpretation of geophysical data for geotechnical applications
(Part XI)
- Revisit of the relationship between seismic velocity and compressive strength of a rock-
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Abstract: A compressive strength model of a large rock mass can be effectively and economically built if
compressive strength of a rock or rock mass can be estimated from seismic velocity. In this study, we first
summarize empirical equations between uniaxial compressive strength of a rock and P-wave velocity which
have been so far proposed, and point out the problems in application of the empirical equations by
comparing with real data. For the triaxial compressive strength, a simple linear relationship between triaxial
compressive strength and dynamic share modulus obtained S-wave velocity measurements in a triaxial
compression test in the laboratory by Sharma et al. (2011) is verified by the data measured in the laboratory
and well logging for real soft sedimentary rocks. The data for real rocks show that there is also a simple
linear relationship between triaxial compressive strength and seismic velocity derived dynamic shear
modulus for a real rock and rock mass. Rock physics model can also represent the linear relationship of
these two properties of a rock.

Keywords: compressive strength of a rock, seismic velocity, dynamic shear modulus, rock physics model,

soft sedimentary rock
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No. | Equation Rock type Reference

1 g,=35.0V,-31.5 Sandstone Freyburg (1972)

2 qu =1277e7%) Sandstone McNally(1987)

3 g, =50.0V,-114.5 Sandstone Schoén (2011)

4 du :3x10{"65V,,3'45 Sandstone Schoén (2011)

5 9, =18V,-16.26 Sandstone and marble Howarth et al. (1989)

6 Ju :0.499Vp3 Weak and unconsolidated Zoback (2007)
sandstones

7 0,=3.3x10%°pVp4{(1+v)/(1-v)}*(1-2v)( | Sandstone with g, >30MPa Fjaer et al. (1992)

140.78Va)

8 . =1.745x10°pV,>-21 Coarse grained sands and Moos et al. (1999)
conglomerates

9 qu =42.1exp(1.9x10™pV;?) Consolidated sandstones with | Zoback (2007)
0.05<¢<0.12 and
0. >80MPa

10 | g, =3.87exp(1.14x10"%pV,’) Sandstone Zoback (2007)

11 | qu =-0.98Vp+0.68Vp2+0.98 Sandy and shaly rocks Gorjainov and Ljachovickij

(1979)

12 | q,=0.77vp*® Mostly high porosity Tertiary | Horsrud (2001)
shale

13 | q,=0.43Vp*? Pliocene or younger shale Zoback (2007)

14 | q,=1.35Vp*® Shale Zoback (2007)

15 | q,=0.5Vp’ Shale Zoback (2007)

16 | q,=10(Vp-1) Mostly high porosity Tertiary | Lal (1999)
shale

17 | qu={(Vp-1.4)0.2}** Tertiary tuffaceous mudstone | Aydan et al. (1992)
with g, <10MPa

18 | log q,=0.444V,+0.003 Schist Golubev and Rabinovich

(1976)

19 | q,=36.0V,-31.2 Coal measure rocks Goktan (1988)

20 | q. =2.45Vp1'82 Limestone Militzer and Stoll (1973)

21 | logq,=0.358V,+0.283 Limestone Golubev and Rabinovich

(1976)
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22 | g, =10%%038W) 45 Limestone and dolomite Golubev and Rabinovich
(1976)
23 | q,=31.5V,;-63.7 (*=0.80) Dolomite, marble, limestone | Yasar and Erdogan (2004)
24 | q :43Vp2'23 Mainly volcanic rocks Inoue and Ohmi (1981)
25 | qu =10.79{Vp2'+4(p-1)1'447 Mainly volcanic rocks Inoue and Ohmi (1981)
26 | q,=22.03V,"*" (=0.72) Granites Sousa et al. (2005)
27 | q,=40.7Vp-36.31 Granites Vasconcelos et al. (2008)
28 | qu=35.54V,-55 (r*=0.64) Granitic rocks Tugul and Zarif (1999)
29 Ju =1.02Vp3 Granites, andesite, sandstone | Ohkubo and Terasaki (1971)
30 | ,=9.95V,"* (r’=0.69) Dolomite, sandstone, Kahraman (2001)
limestone, marl, diabase,
serpentine, hematite
31 gu=64.2Vp-117.99 Sandstone, weathered basalt, | Sharma and Singh (2008)
phyllite, schist, coal, shaly
rocks
32 | logq,=1.368+0.794log(1+0.001Vp)- | Marl, sandstone, andesite, Karakul and Ulusay (2015)
0.201S,-5.6¢Vclay limestone, tuff, ignimbrite,
claystone

q.: unconfined compressive strength in MPa, V,,: P-wave velocity in km/s, p : density in g/cm3, Vay: clay content

in fraction, ¢: porosity in fraction, Sr: degree of saturation in fraction. r*is the determination coefficient.
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