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Applicability of Cross-Sectional Borehole Deformation Method (CBDM) to
Measure Rock Stress Changes through Laboratory and In-Situ Experiment
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The stress state around rock structures, such as underground opening and rock slope, is changed as their
construction progresses and the time proceeds. The monitoring of the stress change is important to verify the
design, control the construction and estimate the long term stability of rock structures.

In order to measure two dimensional stress changes in a plane perpendicular to a borehole axis, we developed
the Cross-sectional Borehole Deformation Method (CBDM) and made clear the influence of factors on estimated

stress change theoretically. In this paper, the applicability of CBDM to measure stress change in laboratory and in
situ experiment. Firstly, the prototype instrument with a laser displacement sensor is described in detail. Secondly,
the instrument is applied to estimate the stress change in a laboratory experiment. Then it is made clear that a non-
linear least square method and a non-linear programming for optimization with the technique of golden section
search is effective for estimating rock stress change. Finally, applying the CBDM to measure rock stress change
within the immediate sidewall of underground opening under its construction, the stress changes for six months can
be estimated successfully.
As a result, it is concluded that the CBDM is available for estimating rock stress change in two dimension.
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Fig.1 Principle of measuring displacement of a borehole wall.
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Fig.2 Schematic view of prototype instrument and devices for control of instrument and collect of data;
(a) prototype instrument, (b) contral box, (c) PC and display, (d) example of display of program.
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Fig.3 Instrument installed in a borehole drilled into andesite
plate set up in a material testing machine.
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Fig.4 Measured data, corrected data by non-linear least square method and non-linear programming for optimization with the technique of golden
section search and approximated curve of displacement of borehole wall in Case 1; (a) Sy=3MPa and Sy=0MPa, (b) Sy=5MPa and Sy=0MPa.
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Fig.5 Measured data, corrected data by non-linear least square method and non-linear programming for optimization with the technique of golden
section search and approximated curve of displacement of borchole wall in Case 2; (a) Sy=3MPa and Sy=0MPa, (b) Sy=5MPa and Sy=0MPa.
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Table5 Comparison applied stress change with estimated stress change in
the case that Sy is changed from 3MPa to SMPa.
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Fig.6 Location of borehale for measurement and cavern in the plan view
of measurement site in Kamioka Mine.
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Fig.8 Tools for installation of instrument in situ; (a) datum plate for rotation,
(b) flange fixed on the rod for determining the position on the direction.
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Stage II: Excavation of center of lower part
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Stage V: Excavation of center of upper part

Stage VI: After excavation of upper part

Stage VII: During excavation of middle part

Stage VIII: After excavation of middle part

Stage IX: Three months after completion of excavation

Fig.9 Measurement stage for the excavation of the cavern: access tunnel
A is linked to (1) of lower part and tunnel B is to (3) of upper part.
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Fig.10 Measured and analyzed results: (a) measured data, (b) corrected data, (c) cross-sectional shape in the plane perpendicular to the borehole axis; upper figures
represent the results of Stage I and lower figures are those of Stage V; solid lines in (b) and (c) are approximation; deformation in (c) is described, adding 50 times

displacement to radius.
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Fig.11 Changes of all components of stress in the X-¥ coordinate system: X-axis is defined in the horizontal direction

as shown in Fig.6 and Y-axis is defined vertically.
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