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Introduction
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• Understanding behaviour of rock structures      

equilibrium equations + constitutive laws

• Porous characteristics of the rocks and high depth 

conditions that can occur in some engineering 

applications (oil wells, geothermic…)       fluid motion 

and temperature. 
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Constitutive laws – an example

 Poro-elasticity

𝜎 = 𝜎0 + 𝜆𝑢 tr 𝜀 . 1 +2𝐺 𝜀 + 𝑏𝑀
𝑚

𝜌0
fl
1

𝑝 = 𝑝0 +𝑀 𝑏 tr 𝜀 +
𝑚

𝜌0
𝑓𝑙

With

 λu, G, Ku: undrained elastic parameters

 b and M: Biot’s coefficient and modulus
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Linear elasticity H-M
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Constitutive laws

 Poro-plasticity

𝜀𝑝 = 𝜆
𝜕 𝑓

𝜕 𝜎

With

 𝜀𝑝: plastic strain

 𝜆 : plastic multiplier 

 𝑓: equation of the loading surface (associated plasticity)

Build limiting envelopes in the stress space.
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Lab equipments & measuring chain
 Triaxial system :

 Axial stress

 Confinement

 Pore pressure

 Temperature

(Descamps F. 2007)
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Measuring displacements and strains

 Linear Variable Differential 
Transformer or LVDT
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Measuring displacements and strains

Measuring displacements or strains
 Strain gauge

 Proximity detectors

 Laser (more recent)

 Others…
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Measuring forces and pressures

Measuring forces and pressures
 Dynamometer with gauges

 Pressure sensor

 Piezoelectric
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Signal conditioning, control and monitoring

 30 years ago: plot the curve on paper & manual 
processing…

Now: True Triaxial - fully automated system 
 Hydraulic bench actuating 3 pistons by mean of servo-valves

 Built-in software to drive different loading paths
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Signal control and monitoring

 True Triaxial: test driving and loading paths
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Stress path control Strain path control

Definition

Time 
evolution

Comments

 Control lost as soon as sample 
enters failure regime

 Impossible to study dilatant
regime 

 Possible to assess Young’s 
modulus

 Yielding and/or failure observed 
on the s1 curve

 Algorithm requires an estimate 
of Young’s modulus (  )

cst1  cst1 
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Post-processing of measurements
can be automatised

A

B
C

Raw curve from test
Smoothed and interpreted curve: 
elastic limit, strength, Young’s modulus
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Post-processing: intrisic curve

UMONS - Polytech Comportement Mécanique des Géomatériaux
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Post-process - Building 3D failure envelopes

Performing multiple true triaxial tests becomes possible  interpolation 
techniques to assess the shape of the limiting envelope in octahedral sections
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Failure envelopes of Vosges sandstone

The effective stresses concept to account for pore pressure
(Descamps F. 2007)
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Example of in situ method to characterise
the rock mass quality
 Real-time drilling parameters monitoring

Measured parameters
 Depth from top (each cm)

 Hydraulic pressure on the bit (Po)

 Rate of penetration (Va)

 Rotation speed (Vr)

 Rotation Torque
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In situ method to characterise the rock 
mass quality
 Real-time drilling parameters monitoring

 Data processing
 Identification of the hole number

 Calculate the mechanical strength 

of the rock using the E’ concept

E′ =
𝑃𝑜
3

𝑉𝑎

 Performing sliding means 

to smoothen the curves

 Plot the variation of E’

parameter
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In situ method to characterise the rock 
mass quality
 Example: indentification of a tectonic ramp
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In situ characterisation and identif ication 
geotechnical zones
 Example: indentification of a tectonic ramp
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Conclusions

 Some new technologies have been introduced in the 
sensors used in geomechanics: laser sensors for 
displacement or piezoelectric ones for forces, however 
the strain gage technology is still widely used.

 The main revolution in the measuring chain came from 
the use of computers to have real time control for 
driving tests, and even process the gathered data.

 The gain of time is considerable as the manual 
processing was one of the main activities for 
technicians in the laboratories few decades ago.
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