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Geostress measurements near fault areas using borehole stress-relief method
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Abstract: To minimize negative effects of geostress distribution on mining safety near the fault areas, the UPM40 triaxial geostress
testing system was introduced to conduct in-situ geostress measurements at three sites and nine points by the borehole stress-relief
method. The results of strain—confining pressure curves show that rock masses at the three measuring sites exhibit comprehensive
linear elasticity in spite of various fissures or cracks within rocks. Horizontal and vertical stress components distribute discrepantly
near the fault areas, and the maximum lateral pressure coefficient is as high as 6.15. The maximum principle stress ranges from 8.01
to 14.93 MPa, and stress directions are in the range of N78.07°W—N17.55°W. Geostresses near fault areas are dominated by the
horizontal tectonic stresses, while the lower values, compared to those under similar geological conditions are due to stress release by
the fault. Additionally, the fault and shear stress nearby are partially responsible for asymmetric elongation and southwesterly

migration of orebodies.
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1 Introduction

Geostress is one of the most important influential
factors that govern the stability of underground
engineering. A proper understanding of geostress
distribution and variation is beneficial to mining design,
roadway arrangements and supporting techniques [1,2].
Geostress often refers to initial rock stress that includes
gravity stress and tectonic stress. Its magnitude and
direction are usually affected by multiple factors such as
mining depth, tectonics, lithology and blasting [3,4]. In
the past few decades, researchers worldwide have carried
out hundreds of researches with regard to geostress
measurements, numerical simulations and theoretical
calculations. In 2001, FUCHS and MULLER [5]
presented the world map of tectonic stresses after
summarizing the global stress data, and pointed out the
impacts of stresses on seismic hazard quantification and
technological problems in underground openings
managements. Similarly, ZHAO et al [6] reviewed the
initial geostress measurement results in China up to
2007. They plotted a dispersed point chart of the ratios of
the average horizontal geostress to the vertical geostress
varying with depth, and stated the laws of geostress
properties of magmatic rocks, sedimentary rocks and

metamorphic rocks. More recently, JING et al [7], WU
et al 8], MA et al [9] and GUO et al [10] have presented
detailed in-situ geostress measurements in various
underground mines, and discussed control approaches to
avoid hazards induced by rock stresses.

The proceeding researches were mainly carried out
in respect of intact, viscoelastic and homogenous rock
masses, so as to minimize the negative effects of flabby
and intricate geological structures on measuring
precision. However, tectonics like faults are inevitable
when designing underhand roadways and shafts. Fault is
a typical tectonic, and represents a basal geological
factor for geostress distribution [11]. On one hand, the
formation and development of faults tend to disturb the
mineralizing laws in mining areas. On the other hand,
faults usually take great effect on tectonic stress, and
therefore challenging the stability of underhand
structures. Hence, geostress measurements near the fault
areas are within the scope of design and operation
considerations, especially for those mines with weak
tectonics.

Geostress measurement methods currently include
direct methods and indirect methods in terms of
measuring principles [12]. The direct methods are
realized by directly measuring multiple stresses by
apparatus, and the initial rock stress is calculated
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according to its relationship with the tested multiple
stresses. By recording indirect physical independent
variables dynamically using sensor components, targeted
parameters of the indirect methods can be calculated by
the established formulas. Though indirect methods
require more advanced apparatus, stricter technologies,
longer performing time and higher costs compared with
the direct methods, they tend to lead to more precise
results. Among many indirect methods, the borehole
stress-relief method is highlighted for its reliability and
applicability. Thus, this method is accepted for geostress
measurements in this work.

The aim of this work is to measure geostress near
the ore-controlling fault areas and present geostress
distribution laws. Firstly, three measuring sites are
arranged in a fault area, whose tectonics properties
directly deteriorate the mining safety. Secondly, the
UPM40 triaxial geostress testing system and LUT
triaxial strain gauges are introduced to perform the
in-situ rock stress measurements. Thirdly, the geostress
distribution characteristics and the relationship between
geostress and regional tectonics in the fault areas are

discussed along with the results of dual-axis experiments.

The relative work has overcome serious challenges in
borehole drilling and geostress measuring near fault
areas, and some informative and conclusive geostress
data are put forward, which is beneficial to practical
mining.

2 Measuring sites and methods

2.1 Tectonics and fault
The geostress measurements were carried out in

Mine III (Fig. 1). Strata belong to the old metamorphic
rock series in early Proterozoic. This region experienced
couples of tectonics movements, during which the
reverse fault Fg formed across the mining region, and
forced Mine III to derive from matrix Mine I. As a
negative geological tectonic, fault Fg and its crushed
zone were 15-32 m in width, and directly cut through
the ore body. The ore body was embedded in stable
ultrabasic rocks and parent rocks, the hanging wall was
surrounded by fractured chlorite schist zones, whereas
the footwall consisted of broken rock masses such as
griotte, biotite gneissic rocks and mica quartz schist.
Additionally, underground mining operations were all
located within the footwall rock masses.

2.2 Measuring sites arrangement

Three boreholes (i.e. sites 1-3 in Fig. 2) were
arranged in three parallel crosscut drifts near the
ore-controlling fault Fg. The mining depth was about 720
m, and the distances from fault Fg varied from 49.2 to
70.3 m (Table 1). To avoid the formation of secondary
stress field induced by mining activities, the measuring
sites were set tens of meters away from working
operations.

2.3 Measuring apparatus and method

Geostresses were measured by UPM40 rock triaxial
geostress testing system and the LUT triaxial strain
gauges [13]. Each LUT triaxial gauge probe includes
three groups of strain rosette pistons, whose fix angles
along the axial direction are sequentially 270°, 30°
and 150°. Each piston has two rosettes, and each rosette

Fig. 1 Location and main tectonics distribution in mine areas

Table 1 Three measuring sites near ore-controlling fault areas

) Distance from Geographic coordinate Borehole direction Borehole
Site No. Depth/m o
fault/m X y z angle/(°) obliquity/(°)
1 720.8 49.2 8733.427 4796.463 1557.16 305 7
2 720.2 56.3 8778.649 4744.758 1556.77 144 8
3 720.7 70.3 8766.399 4701.415 1557.12 355 9
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Fig. 2 Measuring sites arrangement near fault areas

consists of two groups of orthogonal resistances strain
gauges. Angles of four gauges along the probe axis are
90°, 45°, 0° and 135°, respectively (Fig. 3). The system
has 20 galleries, and is able to automatically record and
print the released strains of 20 measuring points. The
data collecting system will automatically recognize and
exclude the suspicious data to maintain the reliability of
the maximal principal stress. In addition, the modified
compensate circuit is able to eliminate the adverse effects
of environmental temperatures on measuring precision.
Other auxiliary equipments mainly consist of 1) oil-water
separator, 2) portable dual-axis experimental equipment,
usually operated in conjunction with strain gauges,
3) electricity temperature testing system and 4)
aluminium alloyed install rods for connecting washing
tools and installing tools.
y
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Fig. 3 Angles distribution of LUT triaxial strain gauges

The in-situ measurements were proceeded in several
steps. Firstly, the 492 mm borehole was drilled and its
depth was recorded. Secondly, a small oriented borehole
was concentrically drilled from the bottom of the former

borehole, and its diameter was 35 mm and length was
about 20 cm. Thirdly, rock core was taken out of the
oriented borehole followed by borehole cleaning with
water and acetone, respectively. After checking the
reliability of boreholes, the gauge was installed where
strain rosettes were pasted. Furthermore, a cover hole
(91 mm in outer diameter, 40 cm in length) was drilled at
a constant rate to take out the rock core together with
strain gauges. After that, the geostress testing system was
connected to the rock core, and printed strain data very
two minutes until the data kept stable. Finally, the
dual-axis experiment was conducted to determine the
rock elastic modulus and Poisson ratio of the rock.

2.4 Dual-axis experiments

Dual-axis experiments were conducted with the
portable dual-axis experimental equipment. The
polyethylene jacket was installed in the dual-axis tune,
then hydraumatic oil was poured into the jacket, and the
rock core was inserted into the tune concentrically.
Confining pressures were loaded on the rock core in
classified values varying from 0 to 7 MPa by a manual
pump. When the recorder consistently printed strain
values, strain—confining pressure curves were drawn.
Following the thick cylinder theory, the elastic modulus
E and Poisson ratio ¢ can be calculated by Egs. (1) and

Q).

Ezl()_p;z (1)
¢ 1-(D,/D,)
&

pu=-L )
o

where p is the confining pressure, MPa; ¢4 and ¢ are the
horizontal and vertical strains, respectively, %; D; and D,
are the inner and outer diameters of rock core,
respectively, mm.

2.5 Geostress data processing

The LUT-str rock stress program was introduced to
process measuring geostresses. After inputting
parameters including borehole direction angles, dips,
elastic modulus and released strains, the program
automatically printed geostress data. These data
consisted of six rock stress components and their
standard errors, values, direction angles and dips of
principle stresses.

3 Results and discussion

3.1 Elastic modulus and Poisson ratio

Each measuring site was divided into three
measuring points at different borehole lengths, and the
final released strain was calculated as the average of
three measuring points. Accordingly, the calculation of
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final elastic modulus and Poisson ratio followed the
same pattern. Typical microstrain curves throughout the
loading and unloading procedures at each measuring site
are shown in Figs. 4—6, respectively.

Strains at measuring sites 1 and 2 increase
approximately linearly with increasing loading and
unloading confining pressures, whereas curves at site
3 exhibit tender circuitous variations. Generally, rock
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Fig. 4 Strain—confining pressure curves throughout loading and
unloading procedures at site 1
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Fig. 5 Strain—confining pressure curves throughout loading and
unloading procedures at site 2
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Fig. 6 Strain—confining pressure curves throughout loading and
unloading procedures at site 3
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masses at three sites show comprehensive linear
elasticity in spite of tiny fissures or cracks develop
within rocks. Furthermore, the strain confining pressure
curves suggest good pastes between strain rosettes and
rock masses, and proper operations of strain gauges. The
average values of elastic modulus and Poisson ration are
shown in Table 2.

Table 2 Average values of elastic modulus and Poisson ratio at
three measuring sites

Site No. Elastic modulus/MPa Poisson ratio
1 30569.44 0.29
2 16216.63 0.22
3 6787.74 0.27

3.2 Stress components distribution

A discrepant distribution of horizontal and vertical
stress components are observed in ore-controlling fault
areas (Table 3). The data show that the maximum
horizontal stresses are 1.64—4.18 times higher than the
minimum values, whereas the ratio of the maximum
horizontal stress to the vertical stress is as high as 9.92.
The lateral pressure coefficient is an important indicator
to geostress variation tendency, and lateral pressure
coefficients are in the range of 0.7—4 in metamorphic
rocks when the depths are less than 1000 m in mainland
of China [7]. However, the lateral pressure coefficient at
site 3 reaches 6.15 and is higher than the reported range,
thus posing potential hazards for underground
engineering induced by horizontal extrusion.

The maximum shear stress near the fault areas is
3.58 MPa, and this stress partially results in the depth
unbalance of burial ore at two sides along the vertical
axis. Meanwhile the second maximum shear stress is
3.43 MPa, and this horizontal stress induces the NE-SW
ore strike. Additionally, the distribution of shear stresses
at three sites shows good accordance with the ore
elongation. As shown in Fig. 1, Mine III is long in
east-west direction and narrow in south-north direction,
and southwesterly migrates about 800 m from matrix
Mine 1.

3.3 Principle stress distribution

The stress tensor method was introduced to analyze
the principle stress distribution. Table 4 shows the
principle stress distribution at three measuring sites in
Mine III. It can be seen from Table 4 that the maximum
principle stresses range from 8.01 to 14.93 MPa, whilst
their directions are in the range of 281.93°-342.45°
(N78.07°W—-N17.55°W). However, the
principle stresses, medium principle stresses and
minimum principle stresses are accordingly lower than
those under similar depths and mining conditions in
neighboring mine areas (Table 5) [14,15]. In Mine III,

maximum
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Table 3 Stress component distribution at three measuring sites
Site No. Oy o, o, Ty T, Ty (Chmax ¥ Ohmin)/ 202 Ohmax /O Ohmax / Ohmin -~ Ohmin / O
1 345 940 295 -134 -0.66 -0.05 2.18 3.19 2.72 1.17
2 462 756 789 -1.06 0.19 0.64 0.77 0.96 1.64 0.59
3 12.82 307 129 -343 -1.11 3.58 6.15 9.92 4.18 2.35

o, and o, are horizontal stress components in Cartesian coordinate system, MPa; . is vertical stress component, MPa; 7, 7,. and 7, are stress tensors across xOy,
yOz and zOx planes, respectively, MPa; 6}, max and oy, min are maximum and minimum horizontal components, respectively, MPa.

Table 4 Principle stress distribution at three measuring sites in Mine 11

Maximum principle stress

Medium principle stress

Minimum principle stress

Site No. Value/MPa  Direction/(°) Dip/(°) Value/MPa  Direction/(°) Dip/(°) Value/MPa  Direction/(°) Dip/(°)
1 9.75 281.93 5.37 3.26 189.22 26.66 2.79 2243 62.71
2 8.01 334.88 76.24 7.9 106.13 9.16 4.16 197.8 10.15
3 14.93 342.45 15.34 1.98 72.72 0.75 0.26 165.39 74.64
Average 10.9 319.75 32.32 4.38 122.69 12.19 2.40 128.54 49.17

Table 5 Principle stress distribution under similar geological conditions in neighboring Mine I1

Maximum principle Medium principle

Minimum principle Direction of maximum

Depth/m stress/MPa stress/MPa stress/MPa principle stress/(°)
700 37 17.6 13.1 N176.7°E
700 34.7 17.3 13.5 NI12°W
730 36.9 17.6 13.1 176.7°
730 34.7 17.3 13.5 348°
760 40.6 20.6 16.8 N160.6°E
760 373 18.2 17.7 N134°W

fault Fy and its crushed zones separate the rock
connectivity at both sides of the fault, and form a
buffering zone for geostress conductivity. Hence,
geostress is released and accumulated in the fault and its
crushed zones.

Dip angles of the maximum principle stresses at
sites 1 and 3 are lower than 20°, which indicates that the
tectonics stress field is dominated by the horizontal
stress. The dip angle at site 2, however, is approximately
vertical (76.24°), suggesting that an inclined stress exists
and the stress is possibly influenced by regional
hidden tectonics. Generally, the geostress near fault Fy is
dominated by horizontal tectonic stress in light of
principle stresses distribution at three measuring sites.
These results are in agreement with the results in
Ref. [15].

3.4 Relationships between geostress and regional
tectonics
An old and a new tectonic traces have sequentially
formed due to historical tectonic movements in mining
areas, and their oriented directions are N50°—=55°W and
east-west, respectively [15]. The motive force of tectonic
movements is mainly horizontal tectonic stress in terms

of geomechanics views, and the stress direction is
perpendicular to the tectonic trace orientation. As
discussed in Sections 3.2 and 3.3, the dominated tectonic
stress is horizontal or approximately horizontal, and
these tectonic stresses control the ground pressure.
Because of the distribution of horizontal tectonic
stresses, the hanging wall of reverse fault Fg moves
towards northwest and the footwall moves towards
southeast, whereas shear movements also occur. The
measured geostresses are closely related to the regional
tectonics, indicating that the measuring results are
reliable.

4 Conclusions

1) The strain confining pressure curves throughout
the loading and unloading procedures at each measuring
site indicate that rock masses at three sites show
comprehensive linear elasticity in spite of tiny fissures or
cracks developing within rocks therein. The average
elastic modulus values are in the range of
6787.74—30569.44 MPa and Poisson ratio is in the range
0f 0.22-0.29.

2) Horizontal and vertical stress components
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distribute discrepantly near the fault areas according to
the borehole stress-relief method. The maximum
horizontal stresses are 1.64—4.18 times higher than the
minimum values, and the lateral pressure coefficients are
in the range of 0.77—6.15, whereas the high shear stress
near the fault area is partially responsible for ore
asymmetric elongation and migration.

3) The maximum principle stresses range from 8.01
to 14.93 MPa, and their directions are in the range of
N78.07°W— N17.55°W. Geostress near the fault Fg is
dominated by horizontal tectonic stress. The lower
stresses compared to those under similar geological
conditions are due to stress release by the fault and its
crushed zones.
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