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AESB3341 Petrophysics 

Acoustics and Rock 

Mechanics 
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Course schedule 

• Today Lectures in Rock Mechanics and Acoustics 

• Next week: practical rock mechanics, acoustics, 

elasticity 



12-2-2015 

2 
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Introduction 

 

Not just in NL, but worldwide… 

4 Challenge the future 

Fractured reservoirs more important 

• Unconventional and tight gas reservoirs 

• Fractured carbonates  

• Deep geothermal energy 

Posidonia Shale 
Fractured carbonate (Austria) 

Hydraulic Fracturing 
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Induced seismicity  

Public acceptance of 
fracking 

Societal relevance of rock 

mechanics 

6 Challenge the future 

Subsurface information  

• Acoustic logging:  

• link of log to seismics 

• determination of elastics constants – to be used for 

geomechanics 

• Mechanical tests in reservoir  

• hydraulic fracturing 

• mini-fracture test 
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7 Challenge the future 

 
Wireline Mini-Fracture Tool Hydraulic fracturing 

8 Challenge the future 

Subsurface information  

• Acoustic logging:  

• link of log to seismics 

• determination of elastics constants – to be used for 

geomechanics 

• Mechanical tests in reservoir  

• hydraulic fracturing 

• mini-fracture test 

 

 

• Today:  

• Elasticity 

• Acoustics for determination of elastic parameters 

• Rock mechanical test for determination of elastic parameters 
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Elastic behaviour 

• Definition elasticity 

• In physics, elasticity is a physical property of materials which 

return to their original shape after the stress that caused their 

deformation is no longer applied. 

http://en.wikipedia.org/wiki/Elasticity_%28physics%29 
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Elastic behaviour 

• Definition elasticity 

• In physics, elasticity is a physical property of materials which 

return to their original shape after the stress that caused their 

deformation is no longer applied. 

http://en.wikipedia.org/wiki/Elasticity_%28physics%29 

http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Physical_property
http://en.wikipedia.org/wiki/Stress_(mechanics)
http://en.wikipedia.org/wiki/Elasticity_(physics)
http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Physical_property
http://en.wikipedia.org/wiki/Stress_(mechanics)
http://en.wikipedia.org/wiki/Elasticity_(physics)
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11 Challenge the future 

Elastisch gedrag 

• Definition elasticity 

• In physics, elasticity is a physical property of materials which 

return to their original shape after the stress that caused their 

deformation is no longer applied. 

http://en.wikipedia.org/wiki/Elasticity_%28physics%29 

12 Challenge the future 

Seismic waves 

http://www.tjhsst.edu/~jlafeve
r/wanimate/Wave_Properties2.
html 

http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Physical_property
http://en.wikipedia.org/wiki/Stress_(mechanics)
http://en.wikipedia.org/wiki/Elasticity_(physics)
http://www.tjhsst.edu/~jlafever/wanimate/Wave_Properties2.html
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13 Challenge the future 

Elasticity 

 

sandstone 

14 Challenge the future 

Inelastic behaviour 

Transition to inelasticity 
Above a certain stress known as the elastic limit or the yield strength of an 
elastic material, the relationship between stress and strain becomes non-
linear. Beyond this limit, the solid may deform irreversibly, exhibiting 
plasticity.  

http://en.wikipedia.org/wiki/Elastic_limit
http://en.wikipedia.org/wiki/Yield_(engineering)
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Plasticity_(physics)
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15 Challenge the future 

km’s scale 100 m’s scale 10 m scale 

m scale cm scale mm scale 

Fractures on Earth 

16 Challenge the future 

Inelastic behaviour 
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Elasticity 

 

sandstone 
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Sandstone 
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Elastic Moduli 

• Elastic moduli describe the elastic behaviour of a rock 

• Rock type dependent 

• Can vary with change in conditions (P,T) 

 

• Used to predict & quantify elastic mechanical behaviour of rocks 

• Experiments 

• Geomechanical numerical modelling 

• Reservoir simulations 

• Etc. 

 

• Wave propagation in seismics/geophysics can almost always 

be described by elasticity.  

20 Challenge the future 

Bulk modulus 

The elastic mechanical behavior of a material can completely be 
described by the bulk and shear modulus. 

 
- The bulk modulus Kb [Pa] (also compression modulus) gives the 

resistance against deformation due to uniform compression and 
is defined by the hydrostatic pressure increase Δp that is 
necessary for a relative volume decrease ΔV/V : 
 
 

  
 

  
 
 
in which V is the initial volume that changes ΔV due to Δp. 
 
 

V

p
VKb
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21 Challenge the future 

Young’s modulus 

Young’s modulus E [Pa] is a measure of the stiffness of the 
material and is given by the ratio of uniaxial stress σxx [Pa] and 
uniaxial strain εxx [-]. 

 
 
 with 
 
 
 
 
 - σxx = F/A is the force F in the x-direction per  
  area A with the normal in the x-direction. 
 - εxx = ΔL/L is the relative change in length (tension or 

 compression) in the x-direction due to a force in  
  the x-direction. 












b

b
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K

K
E

3

9
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Elasticity 

 

sandstone 



12-2-2015 

12 

23 Challenge the future 

Shear modulus 

- The shear modulus μ (or G) [Pa] gives the resistance against 
deformation due to shearing and is defined by the shear strain εij 
as a result of a shearing stress σij. For example: 

 
  
 in which 
 
 
 
 - the shear stress σzy = F/A is the force F in the  
  y-direction per area A with normal z. 
 - the shear strain εzy = Δy/L is the transversal  
  displacement Δy over the initial length L  
  perpendicular to A (in the z-direction). 
 
 

z Δy 

z 

y 
x 

zy

zy






2


24 Challenge the future 

Poisson’s ratio 

 
Poisson’s ratio ν [-] describes the strain in the transversal direction 

(e.g. y and z), which originates from tension (stretching) or 
compression in the axial direction (e.g. x). 

 
 
 with 
 
 
 
 - εxx = ΔL/L is the uniaxial strain. 
 - εyy = ΔL’/L’ is the transversal (or  
  lateral) strain. 

)3(2

23
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Elastic relationships in isotropic materials 

Mavko, 2003 

26 Challenge the future 

Determine Poisson’s ratio using 

van Kb and  

 

𝜈 =  
3𝐾𝑏 − 2𝜇

2(3𝐾𝑏 + 𝜇)
 

Determine Young’s modulus using 

Kb and  

𝐸 =  
9𝐾𝑏𝜇

3𝐾𝑏 + 𝜇
 Message: if you have 2 

elastic constants, you can 
calculate all 4!! 
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Elastic relationships in isotropic materials 

Mavko, 2003 

28 Challenge the future 

Examples of earth’s materials 

Mavko, 2003 
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29 Challenge the future 

 

30 Challenge the future 

Elastic moduli 

• If you know 2 elastic moduli (for isotropic materials) you can 

calculate all other moduli 

• And thus fully describe the elastic behaviour of the material 



12-2-2015 

16 
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Rock Mechanics 

 

32 Challenge the future 

Shaley sandstone 
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Acoustics logging 
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Seismic waves 

36 Challenge the future 

 

Seismogram of M 7.2 Earthquake, Japan, 9th of March 2011 registered  in Utrecht 
(the Netherlands) 
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Sonic Tools: 1st generation 

 

Travel time always too long…, WHY? 

38 Challenge the future 

Sonic Tools: 1st generation 

dual receiver sonic tool 

 

Travel time determined correctly…, WHY? 



12-2-2015 

20 

39 Challenge the future 

Sonic Tools: 1st generation 

dual receiver sonic tool 

 

A+B+D+E –(A+B+C) = D+E-C 
If C = E, so Trx2-Trx1 = D 

40 Challenge the future 

 

In tilted configuration 

C ≠ E 



12-2-2015 

21 

41 Challenge the future 

Borehole Compensated Sonic (BHC) Tool 

 

Two pairs of receiver signals are averaged e.g. Tx1-Rx1 and Tx2-Rx3 

3 ft 

2 ft 

42 Challenge the future 

Logging Speed / Resolution 
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Depth of Investigation 

 

44 Challenge the future 

Common Industry Names 
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Tool Codes 

• See Serro 2008 Well Logging Handbook Chapter 3 – book downloadable 

from TU Delft Library 

46 Challenge the future 

Slowness 
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48 Challenge the future 

Examples of sonic logs 
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be careful… 

50 Challenge the future 

 

GRC 
0 150 

SPC 
MV -160 40 

ACAL 
6 16 

ILDC 
0.2 200 

SNC 
0.2 200 

MLLCF 
0.2 200 

RHOC 
1.95 2.95 

CNLLC 
0.45 -0.15 

DT 
us/f 150 50 

001) BONANZA 1 

10700 

10800 

10900 

SONIC LOG 

Sonic 

Log 

DT 

150 50 us/f 
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51 Challenge the future 

 

Lithology Typical Matrix Travel

Time, tma, sec/ft

Sandstone 55.5
Limestone 47.5
Dolomite 43.5
Anydridte 50.0
Salt 66.7

COMMON LITHOLOGY MATRIX 
TRAVEL TIMES USED 

52 Challenge the future 

Wave speeds rocks 
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Sonic log - porosity 

 

Wyllie Time Average Equation 

Wyllie, M. R. J., Gregory, A. R., and Gardner, L. W., 1956, Elastic wave velocities in heterogeneous and porous media: Geophysics, 
21, no. 1, 41-70.  

54 Challenge the future 

Sonic log - porosity 

 

Wyllie Time Average Equation 

Wyllie, M. R. J., Gregory, A. R., and Gardner, L. W., 1956, Elastic wave velocities in heterogeneous and porous media: Geophysics, 
21, no. 1, 41-70.  
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GRC 
0 150 

SPC 
MV -160 40 

ACAL 
6 16 

ILDC 
0.2 200 

SNC 
0.2 200 

MLLCF 
0.2 200 

RHOC 
1.95 2.95 

CNLLC 
0.45 -0.15 

DT 
us/f 150 50 

001) BONANZA 1 

10700 

10800 

10900 

SPHI 
ss 45 -15 

EXAMPLE SOLUTION SONIC LOG  

SPHI 

Assume a matrix travel 

time, tm = 51.6 sec/ft.   

In addition, assume the 

formation is saturated 

with water having a tf = 

189.0 sec/ft. 

56 Challenge the future 

Seismic waves 
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Few recordings of Vp and Vs 

simultaneously in boreholes 

 

58 Challenge the future 
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59 Challenge the future 

Determine elastic moduli using 

acoustic waves 

• The wave speeds (Vp en Vs [m/s]) of a pressure wave and 

shear wave determines together with the density of the 

material the bulk en shear moduli 

 

 

 

• Thus to determine E, , Kb, Poisson’s ratio etc you need: 

• Vp 

• Vs 

• Density.   

60 Challenge the future 

Vp and Vs 

 

𝜇 =  𝑣𝑠
2𝜌 

𝐾𝑏 = (𝑣𝑝
2−

4

3
𝑣𝑠

2)𝜌 
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61 Challenge the future 

Bulk modulus 

The elastic mechanical behavior of a material can completely be 
described by the bulk and shear modulus. 

 
- The bulk modulus Kb [Pa] (also compression modulus) gives the 

resistance against deformation due to uniform compression and 
is defined by the hydrostatic pressure increase Δp that is 
necessary for a relative volume decrease ΔV/V : 
 
 

  
 

  
 
 
in which V is the initial volume that changes ΔV due to Δp. 
 
 

V

p
VKb
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Shear modulus 

- The shear modulus μ (or G) [Pa] gives the resistance against 
deformation due to shearing and is defined by the shear strain εij 
as a result of a shearing stress σij. For example: 

 
  
 in which 
 
 
 
 - the shear stress σzy = F/A is the force F in the  
  y-direction per area A with normal z. 
 - the shear strain εzy = Δy/L is the transversal  
  displacement Δy over the initial length L  
  perpendicular to A (in the z-direction). 
 
 

z Δy 

z 

y 
x 

zy

zy






2




12-2-2015 

32 

63 Challenge the future 

Example velocity and moduli 

 

64 Challenge the future 
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Exercise 

• Sandstone r = 2.65 g/cm3, Vp = 5491 m/s. Vs = 3463 m/s 

• Limestone r = 2.71 g/cm3, Vp = 6417 m/s. Vs = 3444 m/s 

•    

 

• Wat are Kb, , E and  for these 2 rock types? 
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Moduli 

• Bulk modulus 

 

 

• Shear modulus 

 

 

• Poisson’s ratio 

 

 

• Young’s modulus 

𝐾𝑏 = −𝑉
𝜕𝑝

𝜕𝑉
 

𝜇 =  
𝜎𝑧𝑦

𝜀𝑧𝑦
 

𝜈 = − 
𝜀𝑦𝑦

𝜀𝑥𝑥
 

𝐸 =  
𝜎𝑥𝑥

𝜀𝑥𝑥
 

Direct from 
acoustic borehole 
data 

Direct from lab 
experimental data 
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Questions 

• You can always contact me: 

• auke.barnhoorn@tudelft.nl 

• 015-2789682 

• room 3.01 (in Delft on: Mon, Tue, Thu & Fri) 

 

 

@AukeBarnhoorn 

www.citg.tudelft.nl/... 

mailto:auke.barnhoorn@tudelft.nl
https://twitter.com/AukeBarnhoorn
https://twitter.com/AukeBarnhoorn
http://www.citg.tudelft.nl/en/about-faculty/departments/geoscience-engineering/sections/applied-geophysics-petrophysics/staff/academic-staff/dr-a-barnhoorn/

