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ABSTRACT. Geotechnical monitoring of anchors provides fundamental data for analysis and evaluation
to ensure safe environment. The use of optic fiber sensing technology, especially Fiber Bragg Gratings,
brings many advantages of optic fiber sensors, such as high measurement accuracy, real-time continual
monitoring of deformation, on-line access to data and resistance against electromagnetic interferences.
This article deals with anchor tests instrumented with FBG deformation gauges of the root and the
tendon of the pre-stressed strand anchor in a test field in the Central Bohemian Region. First, the
anchor with three optic cables with FBG sensors for measurement of axial deformation was subjected
to six loading stages of the anchor test. Most of the sensors measured values of axial deformation less
than 200 pe and the root mobilisation was observed. Then, the measurement continued by 26-day
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long-term monitoring and a trend of a small increase of deformations occurred.
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1. INTRODUCTION

Fiber optics provide a wide spectrum of applications,
which include geotechnical health monitoring too,
e.g. in foundation engineering (piles, anchors), slope
stability monitoring (soil nails, monitoring of slope
and subsoil deformation) and tunnel engineering (rock
deformation, ground settlement), as summarised in [T}
4]. One of the types of fiber optic sensing method
is Fiber Bragg Grating (FBG), which belongs to the
quasi-distributed optical sensing technology [3]. The
Fiber Bragg Gratings (FBGs) in a optic fiber are
created by exposition to ultraviolet light that changes
refractive index [4, 5], and more recently by interfe-
rence or phase mask methods [3H5]. FBG sensors are
used to measure strain and temperature [6]. A change
of a value of the measured quantity causes a shift of
the wavelength of a reflected light of an appropriate
sensor [3}, [ [6].

Some approaches to the use of FBGs for anchor
monitoring are mentioned in [3], where sensors were
glued into a groove of GFRP (Glass Fiber Reinforced
Polymer) anti-floating anchor or installed in the GFRP
anchor axial centre during a special production process
and then pull-out tests were carried out [3]. In [7] FBG
cables were used for monitoring of pull-out rock anchor
test in the medium-hard rock mass of limestone quarry
to investigate the stress distribution along anchors for
anchor-grout and grout-rock interfaces. The cable
was inserted in a longitudinal groove of an anchor or
in a grout to measure the axial strain, but some of
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them failed before or during testing due to brittleness
of cables [7]. Test of mobilisation of ground temporary
anchor root resistance is described in [8], it took place
in Prague in construction of a new extension of Grand
Hotel Evropa and it was a previous version of anchor
test described in this article.

2. MATERIALS AND METHODS

The measuring apparatus includes the monitoring
unit FBGuard Mini equipped with 8 channels for
strain and temperature sensing, it also includes an
optical fiber with implemented FBGs elements covered
with protective plastic tube and metal parts. Two
test anchors with implemented FBGs elements for
measurement of axial deformation were made in the
factory hall and transported to the location of the
anchor tests.

The anchor of the length of 12 m is marked K12 and
the second one of 13 m long is labelled K13. A FBGs
sensors distance was approximately 1 metre, the posi-
tions of the sensors on the anchors (centre of anchor
and surface of anchor root) installed in the boreholes
and a simple geological description of the subsoil are
shown in Figure [} The subsoil layer up to 0.3 m be-
low the ground level consists of round-shaped gravel
particles of variable size, the layer between 0.3 and
11.2m consists of sandy gravel with cobbles of about
decimetre size. An arkose was found below, first a yel-
low weathered arkose (up to 11.5m), the next was
a grey unweathered one [9]. The anchor tests took
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FIGURE 1. Positions of sensors and simple geological description of location [9].

optic cable with strain FBG sensors

. injection tube

stainless shield of optic cable

strand in the fixed part of anchor

end of strands/root

FIGURE 2. Lower part of the anchor root and protec-
tion of the redundant passive cable.

FIGURE 3. Loading bridge.

place near the village Staré Ouholice, which is a part
of the cadastral territory Nové Ouholice, the munici-
pality Nova Ves, the Mélnik district in the Central
Bohemian Region [10].

Two temporary test anchors were installed in the
boreholes. The soil was compacted and aligned to

hydraulic cylinder

& load cell

& load cell

. reflective prisms

FIGURE 4. Monitoring assembly and pre-stressing
system.

horizontal ground level before drilling. At the time
of soil compaction, a shallow softer inhomogeneity
was discovered, which was removed and replaced by
local sand. Two temporary vertical anchors (Figure
have high-pressure grouted roots, the length of the
root of K12 is 4m. In the case of K13, the root was
extended to 6 m. Two pairs of concrete panels were
placed on the ground as supports of the loading bridge
(Figure [3). Two load cells were installed before the
anchors were loaded. The first load cell was a part of
the pre-stressing system. The second one (top-down
description) was used for the loading test and for long-
term monitoring of load and deformation development
in the subsoil. Couples of reflective prisms were used
for monitoring of the settlement of the bridge supports
and the bridge beam deflection. Pair of prisms was
mounted on opposite ends of the beam and the next
pair was close to the bridge centre (Figure [4]).
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FIGURE 5. Graph of deformation of the sensors C1-C8 of the anchor K13 during test.
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FIGURE 6. Graph of deformation of the sensors C4, C5, C6 and C8 of the anchor K13 during test.

The loading test of the anchor K12 took about six
hours and in the case of the K13 was completed within
six and a half hours. The anchor K12 was exposed to
six loading stages (axial force 50 kN, 125 kN, 250 kN,
350kN, 425 kN, 500kN), the anchor K13 was loaded
by six loading stages (50 kN, 125kN, 250kN, 350 kN,
500kN, 550kN). Each stage lasted at least 60 minutes
and was considered complete when deformation of the
tendon As < %1mm - The pext monitoring of K12

15 min *

took 7 days and 26 days in the case of K13.

3. RESULTS AND DISCUSSION

Results and discussion are presented for the anchor
K13. The root of the anchor was on purpose extended
up to 6 m to be sure to have a lower part of it not com-
pletely mobilised. The anchor K13 was instrumented
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by three parallel FBG sensing cables. The axial one is
indicated by C and two same off-centre cables placed
on the opposite sides of the anchor surface are labelled
A and B (Figure . During the anchor test of K13
higher deformations (above 200 pe) of the sensors C1,
C2, C3 and C7 were observed (Figure [5). The course
of values of the sensors C1 and C2 are similar, espe-
cially for the fifth and the sixth loading stages. The
values of the sensor C2 crossed the line of the sensor
C1 during the sixth loading stage. Similarly, values
of the sensor C7 exceeded the measured values of the
sensors C4, C5, C6 and C8 after the fourth loading
stage.

Very low deformation was recorded by the sensor
C4 whose values moved near zero pie. The sensor C6
gathered similar values of deformation as the sensor
C8 until the end of the fourth loading stage (Figure @
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FIGURE 7. Graph of deformation of the sensors A1-A5 of the anchor K13 during test.
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FIGURE 8. Graph of deformation of the sensors B1-B5 of the anchor K13 during test.

The next loading stages and the disproportional in-
crease of values along the centre of the anchor root
towards the root lower end was caused with very high
probability by nonuniform penetration of the cement
grout during the high pressure injection carried out
in stages.

The sensors on the surface of the anchor root mea-
sured low deformation. After the second loading stage,
the values of the sensor Al were mainly decreasing
and exceeding the values of the sensor A2. On the
contrary, the sensor A3 had deformation near zero pe
at the beginning, then its values were higher and
closer to the sensor A2, but during the sixth loading
stage they fell off closer to the sensors Al, A4 and A5

(Figure 7).

The sensors B1-B5 of the anchor root surface mea-
sured very small deformations, except for the sensor
B1 with a maximum of over 120 pe. The local maxima
of the sensor B1 occurred during transition between
loading stages that were also observed in the courses
of other sensors, e.g. Al, A2, A4 and C5 (Figure .

During long-term monitoring the deformation mea-
sured by the sensors C1, C2 and C3 is decreasing
(Figure[9). On the contrary, values of the sensor C6
increased steeply at the beginning of the long-term
monitoring (during the first 31 hours) and then were
practically constant. This was probably caused by
consolidation of the soil after the change of loading
in the subsoil due to anchor tension. The course of
deformation of the sensor C7 gradually increased. An
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FIGURE 10. Graph of temperature and of deformation of the

during long-term monitoring.

increasing trend of deformation can also be observed
in the measurements of the other sensors (Figure .

From the graphs it is apparent that some sensors
exceeded values in an unexpected order. The high pres-
sure grouting did not produce “a root of a constant dia-
meter cylinder” but more complicated and irregularly
shaped root body due to the stratified soil sequence
and arkose at the root end. These effects resulted in
not uniformly dissipating strain along the root towards
its end. That can be seen as a positive in terms of the
pull-out resistance of the anchor from the host mass.
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4. CONCLUSION

The article deals with the testing of Fiber Bragg Gra-
ting (FBG) sensors applied to grouted strand anchors.
Measurements with FBG sensors provided an ade-
quate view of an anchor root mobilisation process.
The new FBG system has been successfully applied
for short- and long-term monitoring of the anchor
axial deformation in front of and along the whole
length of the root. The dependence of the measured
data on temperature was insignificant in this case due
to the approximately constant ambient temperature.
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For further development, adjustments of design for
routine use and a possible modification of the FBG-
based sensor for winding of equipped anchors on trans-
port coils are also being considered.
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