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In field situations, 
we expose rocks to stress changes 
varying from zero to failure stress

At which level do we start 
to inflict damage on the rock?
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we expose rocks to stress changes 
varying from zero to failure stress

At which level do we start 
to inflict damage on the rock?
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Can we learn something from laboratory tests?

Simultaneous measurements of 

static moduli

and dynamic moduli

We consider the non-elastic compliance

as a measure of damage 
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Several challenges –

- Strain measurements 
       (here: use strain gauges, 
        but sample/piston interfaces still problematic)

- Creep 
       (here: low stress rates, 
        but the problem still exists)

- Anisotropy 
       (here: mainly avoided 
        by measuring H and He)

Can we learn something from laboratory tests?

Test material: Dry Castlegate sandstone

29% porosity - 70% quartz, 30% feldspar, no clay
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Stress paths

In the field: 

Stress changing 
from its in situ state
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Stress paths

In the lab:

We consider what 
happens when the 
stress path makes 
a turn
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From hydrostatic loading 
to uniaxial compaction (K0)

Non-elastic compliance reaches 
full size (almost) immediately
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From K0 loading 
to K0 unloading

Non-elastic compliance increases 
linearly with stress change 
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From K0 unloading 
to K0 reloading

Non-elastic compliance increases 
slowly (starting at a finite value?)
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From K0 unloading 
to K0 reloading

Non-elastic compliance reaches 
initial level above previous 

peak stress

Stress memory effect!

Previous 
peak stress level

Initial
loading
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Summarizing K0 
loading/unloading/reloading

Initial loading: High level

Unloading: Low level, linear increase

Reloading: Low – but finite – level
                  below previous peak stress 



13
SINTEF Petroleum Research

Summarizing K0 
loading/unloading/reloading

Different test – same picture

Initial loading: High level

Unloading: Low level, linear increase

Reloading: Low – but finite – level
                  below previous peak stress 
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Uniaxial unloading 
along new path

Non-elastic compliance increases 
linearly with stress change 
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Retracing an old path 
after a roundtrip

Non-elastic compliance increases 
slowly, starting at a finite (?) value
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Retracing an old path 
after a roundtrip

Non-elastic compliance reaches 
initial level above previous peak 

stress

Previous 
peak stress level

Initial
loading
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A roundtrip in stress 
space seems to weaken 

the rock’s memory
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What about the elastic modulus                   ?

1:1 relationship 
between 

elastic modulus 
and stress
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What about the elastic modulus                   ?

The elastic modulus 
depends on stress, not strain 
(far from the failure envelope)
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Summary

• The growth of non-elastic compliance depends largely on the 
stress path

• For an unloading path, the non-elastic compliance seems to grow 
linearly with the stress change

• For a loading path, significant non-elastic compliance seems to 
be established earlier, at a level depending on the stress history 

• Elastic stiffness is seen to depend 1:1 on stress, but not on strain 
(far from the failure envelope)
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