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Monitoring and Analysis of Mechanical Behavior of Rock Slope Using a
High-Resolution Borehole Tilt-Meter at an Open Pit Limestone Mine
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A high-resolution borehole tilt-meter is introduced to measure the inclination of rock slope at an open pit
limestone mine, and the movement of rock slope is analyzed based on the measured results from the tilt-meter
and numerical results by a three-dimensional boundary element method (3D-BEM). Firstly, the applicability of
tile-meter to monitor the movement of rock slope due to a bench-cut excavation is investigated by 3D-BEM and
the required accuracy of a tilt-meter is made clear. Then a high-resolution borehole tilt-meter is introduced and
explained. Secondly, based on the measured results for nine months in a limestone mine, the mechanical behavior
of rock slope is analyzed. The general mechanical behavior of rock slope due to excavation of a bench is then
analyzed by 3D-BEM. Finally, using the results of measurement and numerical analysis, the mechanical behavior
of rock slope is made clear. It is concluded that a high-resolution borehole tilt-meter is applicable to monitor the

movement of rock slope in a short period.
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Fig.1 Concept of excavation of rock slope and numerical model by 3D
boundary element method; (a) excavation model and initial stress
condition, (b) 3D boundary element model to analyze inclination
within rock slope, (c) location of tilt-meter to measure inclination
due to a bench cut excavation.
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Fig.2 Relations between inclination and Poisson s ratio;
(a) Point 1, (b) Point 2, (c) Point 3.
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Fig.3 High-resolution borehole tilt-meter; (a) inside view;
(b) outside view; (c) solar battery for a power supply.
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Table 1  Specification of high-resolution borehole tilt-meter.

Accuracy 1nR
Range of measurement +0.175R (+10°)

Maximum gain 1000 mV/pR
Method of leveling Auto leveling
Storable data (30second sampling) 30days

A/D converter 24 bits

Scale ¢ 6.4 cmx 107 cm
Weight 4 kg
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Fig.4 Panoramic view of the Torigata open pit limestone mine
at Mt. Torigata.

Location of Tilt-meter

Fig.5 View of Rock slope with high-resolution borehole tilt-meter.
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Fig.6 Plan diagram near rock slope with high-resolution
borehole tilt-meter.
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Fig.7 Cross section of rock slope of a-a’ in Fig.6.
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Tilt (uR)

Fig.9  Magnitude and direction of the maximum inclination projection;
(a) schematic diagram of an inclination, (b) example of magnitude
and direction of the maximum inclination projected on polar
coordinates, (c) magnitude and direction of the maximum
inclination projected on polar coordinates from April to December
as shown in Fig.8(b).

Fig.10 Boundary element model to analysis tilt; (a)analyzed region for
numerical analysis on plan diagram and coordinate systems, (b)
3-D BEM model and case of excavation of bench.
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at a position of a high-resolution borehole tilt-meter with
step of excavation; (a) Excavation I, (b) Excavation II.
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Excavation I and II.
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