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SYNOPSIS The precision of the inclinometer measurements is obtained on a theoretical
basis by starting from laboratory tests by means of the well known error propagation laws; then, 
using a series of tests in situ, the theoretical diagram is checked and the influence of the 
various factors on the reliability of the measurements is discussed.
Finally, in simulating a machine break down, the necessary conditions are obtained to continue 
measuring with another instrument and some criteria are given to use the inclinometer measurements 
with the aim of evaluating the stability of slope and excavations.

INTRODUCTION

Although in the last ten years inclinometers 
have improved in accuracyy reliability and 
operation versatility, confusing results still 
appear because of problems linked to very 
sophisticated modern instrumentation. In some 
cases even if the instrument is operating 
within its accuracy range the results could 
be difficult to interpret because of scatter 
and evaluation connected with in situ opera
tional problems.
With the financial support of the Italian 
National Council of Research (C.N.R.), in the 
last five years, a series of laboratory and 
in situ tests have been made to check the 
accuracy, reliability and repeatability of the 
inclinometer measures even in the case of 
having to use interchangeable instruments.

RELIABILITY OF DATA ACQUISITION

The two basic inclinometers used were made 
by the same Italian manufacturer and instru
mented with two servo accelerometers, mounted 
in two perpendicular torpedo planes "A" and 
"B", with an ideal sensitivity of 10 S of arc 
in ranges of + 30° ; a variation of a single 
digit A or B over a wheel base of b = 50 cm. 
corresponds to an axis displacement of
0,0025 cm.
A first check of the real sensitivity was 
made when the two inclinometers, named I and
II, were operating in ideal laboratory con
ditions. Having fixed a i m  piece of allu- 
minium guide casing in three different incli
nation positions, a series of 100 readings 
was taken for each inclinometer, each casing 
inclination, and each of the different guide

wheel positions into the four easing grooves. 
In fig.l are reported for inclinometer I the 
frequency distribution law of Gaussian type 
for a single reading of the two sensors along 
A and B axis, and the average curves for two 
and four readings are also reported. There is 
a considerable reduction of standard deviation 
"m" passing from one to two readings made on 
the 180° casing groove, and there is also a 
greater accuracy for the A axis readings than 
for the B axis, because of the presence of

Fig.l Frequency distribution law of incli
nometer A and axis readings.
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guide wheels along the A axis.
A check of the readings after more than one 
year shows a small variations for a single 
set of readings but no significant changes for 
the 180° readings. This fact could be related 
with a small zero drift, mentioned by Dunni- 
cliff (1971) for inclinometers using vibra
ting - wire transducers.
The validity of the frequency distribution 
law of Gaussian type for an in situ test 
(Research Test'R') was checked by a series 
of 30 readings at an estimated fixed depth 
of 10 m. into a carefully installed casing. 
In fig.2 is reported a comparison of the 
average of 180° readings of the in situ re
search test "R", with a similiar test "C" in 
a common installed casing and also with a 
laboratory test. It is possible to note a 
good agreement between the laboratory and in 
situ R tests; some differences between the 
in situ R and C tests could be explained by 
the more relevant presence in the latter test 
of errors of a casual type (e. g. divergence 
from the vertical during casing installation)
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Fig.2 Frequency distribution of 180° 
readings in laboratory and in situ 
R and C tests.

or systematic type (e.g. casing twisting). 
In fig.3 is reported a comparison between the 
frequency distribution law of displacement 
and direction of movement for laboratory and 
in situ tests at a depth of 5 m.
The standard deviation calculated from the 
well known error propagation law starting 
from the error of 180° reading, agreed well 
with the magnitude of "m" (fig.3) derived 
from statistical treatment of final data.

o 2

EVALUATION AND REPEATABILITY

Evaluation starts during recording observation, 
which must be made by two well trained techni
cians. The 180“ reading computation minimizes 
irregularities in the casing and in the équi
pement operation. An unexplainable result should 
be discarded an if possible readings should 
be repeated.
T>he result presentations are often made in 
terms of movement amount and direction as 
function of depth below the ground surface, 
in cartesian coordinates in fig.4a. For the 
smaller movements their relative directions
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Fig.3 Frequency distribution of movement 
displacement and direction for 
laboratory and in situ test.

are affected by a bigger standard deviation 
and are practically not reported on the graphs 
when they are not well determined. As concerns 
movement direction, some errors may be made 
because of lacally warped casing (Gould and 
Dunnicliff, 1971) and its twisting. A Spiral 
indicator, must be used to check spiraling, 
which can reach the magnitude of 18° quoted 
by Green (1974) in a 24 m. plastic casing.
A crude estimation of spiraling can be made 
by averaging in polar coordinates the angle of 
movement direction (fig.4b). It is justified 
in the case in which movement direction could 
be expected to be constant with depth. Test 
repeatability to reobtain the curves of fig.4 
is linked with reduction of possible accidental 
and systematic errors, which cumulatively 
produce the scatter shown in figs 1-3.
In fig.5 and 6 repeatability evaluation is 
presented for the limiting case of the use 
of two different inclinometer systems.
In general this should be avoided but some 
times might be necessary due to the fact that 
the first inclinometer could break down and 
be out of use for a period. The replacement 
of inclinometer I with inclinometer II after 
the initial observation 1°, yields a very

Fig.4 Movement direction and deflection 
versus depth.
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different deflection curve II'-1° from that 
I'-I° determined only with inclinometer I 
(see fig.5a). A corrected II'-I° curve (fig.5c) 
could be obtained dy subtracting from (or 
adding to) the original curve of fig.5a the 
divergency II'-I' between the two inclinometers 
at the same time (fig.5b). An inversion of the 
two inclinometer measurements in the same in 
situ research casing has given similar sati
sfactory, results (fig.5). Acceptable results 
were also obtained in duplicating the most 
difficult determination of movement direction 
using different inclinometers (fig.6).
On transfering these results from research 
to a common pratice, one point must be stres
sed. The inclinometer divergency proceeds not 
only by instrument systems but also by the 
accuracy of casing installation. The corrective 
factor of the crossreadings must be determined 
case by case into the in situ casing. In a time

( a )  (b )  (C)

Fig.5 Deflection versus depth using two 
different inclinometers

set of readings, at least one reading (prefe
rably, but not necessarily, the zero reading) 
should be taken simultaneously with the two 
different inclinometer systems.

INTERPRETATION AND DETECTION OF THE MOVEMENTS

The interpretation of inclinometer measurements 
must be referenced to previous readings and 
estimated in the light of soil behaviour 
prediction.
In fig.7 an excavation was instrumented with 
several inclinometers regularly spaced along 
the excavation and in the transverse direction 
to it.
After a first excavation step a creation of 
a slide zone was evident and it was also 
evident by the deflection of the inclinometers 
S.1.3 and S.1.7, even if they were installed 
later. When finishing the second excavation

Co.) (b ) CC)

Fig.6 Direction of movement versus depth 
using two different inclinometers

step a formation of a deeper slide zone is 
documented by the readings of all three 
inclinometers insisting on the considered 
section in fig.7. The second sliding zone 
shows roughly one meter thickness and a 
quasi plane form. The two ancorage orders 
were nearly inefficient, in particular the 
first order, because the ancoring zone was 
almost included in the active area. The 
sliding stopped only when a series of tranver- 
se diaphragn walls were created.
From the example of fig.7 the ability of the 
inclinometer measurement to detect a general 
pattern of the movement is evident; but the 
question of judging if a movement is a matter 
of soil deformation or soil rupture still 
deserves some attention. A contribution on 
it was made recently by Wilson and Nikkelsen
(1978) and Fukuoka (1980).
Because the inclinometer measures the change

Fig.7 Deflection towards a supported 
excavation
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in slope of ground versus depth, it was repor
ted in fig.8, together with culative deflection, 
in the case of inclinometer measurements in a 
sloping ground, (figs 8a and 8b). As discussed 
before, fig.8c shows two sliding zones, while > 
at the same magnitude of a casing rotation, 
but for a different type of ground, no external 
evidence of soil rupture was noted for the 
case of fig.8a.
On detecting from fig.8c a number of depth 
intervals at which the change in slope appears 
more evident, a time plot of the deflection 
of three sections, including the surface, has 
been reported in fig.9. The rate of changing 
inclination and/or deflection with time is one 
of the most important parameters in interpre
ting inclinometer tests and detecting movement 
characteristics.
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Fig.8 Change in the casing inclinations and 
cumulative deflections versus depth

CONCLUSION

From the experimental study mainly in the field
of slopes and ecxavations some conclusions
can be drawn, which could be extended to the
other fields of inclinometer measurement.
The accuracy of inclinometer measurements is
not limited by inclinometer sensitivity; from
the in situ R test the standard deviation
of total deflection in a 25 m borehole is of
m =0,7 mm. 
s

More than instrument accuracy a proper casing 
installation and a proper recording of 180° 
observation is of vital importance for the 
reliability of the inclinometer measurements. 
Measurement repetition could be the best 
check on instrument reliability and on the 
quality of casing installation.
The interchangeable use of instruments must

Hg,9 Time deflection plot at selected 
depths

be avoided, but should it really be needed, 
a replacement with an identical instrument 
from the same manufacturer could be possible 
under the limitation of ta'king one reading 
simultaneously with the two interchangeable 
inclinometers.
The inclinometer measures the change in incli
nation at a specific depth to detect and 
visualise movement. If an exact profile of 
the borehole is requested, as in the case of 
research, great accuracy must be practised 
in casing installation, the surveying of the 
casing tops, the execution and repetition 
of inclinometer measurements.
Time plot diagrams at selected depths are 
the most useful in emphasizing the creation, 
progression, and possibly regression of a 
sliding movement or deformation within a 
soil mass.
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