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Why determine in-situ 

stresses?
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High in-situ stress conditions
leads to catastrophic rock
failures like Rock burst, Coal
burst and Collapse of Structures

(Australasian Mine Safety Journal 2018)
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There is a pre-existing stress state in the ground 

and we need to understand it

During rock excavation, the stress state can 

change dramatically 

Why determine  in-situ stresses?

(Rocscience, 2022)
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Why determine in-situ stresses?

(Kang et al. 2010)
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Hydraulic Fracturing

▣ Expensive and requires skilled technical staff

▣ Only 2D stress measurement

▣ Disturbs water chemistry

Overcoring

• Expensive and requires drill rig and skilled technical staff

• Suitable for shallow depths

• Difficult to be applied at great depths and remote regions
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Stress Measurement Methods

(Haimson & Fairhurst 1970)
(Worotnicki  & Walton 1976)
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Non-destructive Techniques

❖ It is an efficient, reliable and cost-effective

❖ Easily implemented in the laboratory with

minimum cost during the mine feasibility and

planning stages.

❖ Best suited for situations where the conventional

methods are not applicable and only the

exploration cores are available.

❖ A further advantage is that the borehole breakout

data from the same boreholes can be used for

cross validation of the results.



What is rock stress memory?
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Rock Stress Memory

Cycle 1 Cycle 2 Cycle 3 Cycle 4
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Acoustic Emission (AE) Method

❖ First observed by Joseph Kaiser in 1950’s (Kaiser

1953) therefore known as the Kaiser effect.

❖ In this method the rock specimen is preloaded to

simulate in-situ stresses.

❖ Two cycles of uniaxial compression is then

applied to a higher stress level.

❖ Applied stresses are measured by plotting the

cumulative AE hits against the stress which

shows a clear point of inflection at applied stress

levels.
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Deformation Rate Analysis (DRA)

❖ Introduced by Yamamoto et al. (1990)

❖ The strain difference values between the two loading cycles is given by a strain difference function ∆𝜀𝑗,𝑖(σ)

∆𝜀𝑗,𝑖(𝜎) = 𝜀𝑗(𝜎) − 𝜀𝑖(𝜎); 𝑗 > 𝑖 (1)



15

Methodology

Felicity Ratio (FR) = Measured Stress/ Applied Stress
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Results
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Effect of Loading Rate
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Effect of Time Delay
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Inflection Point
A clear point of inflection was 
observed in both DRA and AE 

analysis precisely at the 
prestress levels when the 

specimens were loaded in the 
range of 40% to 80% of the rock 
UCS, below and above which the 

FR drops significantly. 

Effect of Loading Rate
The Keff is not affected by the 
loading conditions, modes of 

loading, and the loading rates. 
However, at faster loading rates 

the bending point is more 
pronounced, and the FR is close 

to one. 

Effect of Time Delay
Likewise, no time dependency of 

the Keff was observed for the 
time delays between 0.5 hr to 1 

month.
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Conclusion



Thank You!

Any questions?

You can find me at
Zulfiqar.ali@adelaide.edu.au
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