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Stress condition depends on

geology and tectonics

Lines of equal stress by
Graziev and Erlikhman (1971)



Motivation

Stress condition changes Secondary stress

due to constructions

Primary stress

Tunnel



Stress Analysis

Stress tensor
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Borehole Inclusion Method

to measure stress changes
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Stress Monitoring Station

Multiple pressure cells

with different orientations
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Principle of a “Pressure Cell”

Flat “cushion” @
Hydraulic fluid : = = = \ Transducer
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Effects to Consider

Missing contact

=> Need for secundary
grouting using non-
shrinking epoxy resin

Borehole grout

Hard inclusion Soft inclusion




Application
Open-pit Mine
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Lignite Mine
Belchatow, Poland

Steep slopes represent
a high risk of landslides
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SMS with 3 cells Place of

installation

horizontal 0°120°240°

Tear-off edge on the
surface of a slope




Stress Development

Inclinometer signals movement

/ weeks after measured stress changes

N

0,55 : —e— Cell 1
SMS 1 —e— Cell2
E —a— Cell 3
045 : —o—Cell4
' A ; SMS 2 —&— Cell 5
: —a— Cell 6
0,35 8
0,25 4o

ET
:

20 1 89 20.06.00 20.12.00 Period of excavation work 20 ™01 20.06.029

008 April - Oktober 2001 \

Cables broken
due to a landslide




Inclinometer
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Application

Underground Laboratory
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Monitoring Layout — top view :

New tunnel
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Measuring
Directions
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9 directed cells
—> 3 stress elipses 2D
= 1 stress ellipsoid 3D
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Mont Terri — Experiment

Plan of the monitoring setup with 4 Stress Monitoring Stations
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SMS - Installation




SMS - Installation




Pressure [MPa]

SMS - Data
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April — August 2019
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28,07,
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Long-term Test with Cyclic Temperature Loading
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Strengths / Weaknesses
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