RTH 301-80

USE OF INCLINOMETERS FOR ROCK MASS MONITORING

1. Scope
1.1 This method describes the use of inclinometers for rock mass

monitofing, lists some available instruments, outlines operating tech-
niques and maintenance requirements, and presents data reduction methods.
2. Apparatus |

2.1 An inclinometer is a device for measuring the deviation from
the vertical of a flexible casing installed in a borehole. Deviations
can be converted to displacements by trigonometric functions. Succes-
sive measurements enable the deterﬁinafion of the depth, magnitude, and
rate of lateral movement. Fig. 1 shows a typical inclinometer
inst:allation.6'1

2.2 Many types of inclinometers are commercially available
(Tables 1 and 2); however, the most commonly used is the probe type.
This type consists of a control box and a probe which is lowered into
the casing on a cable. In some probes a cantilevered pendulum with
resistance strain gages, vibrating wire, or inductive transducers is

used to measure cantilever deflection. Other probes use the
Wheatstone bridge principle (Slope Inclinometer Model 200 B), the
servo accelerometer principle (Slope Indicator Digitilt), or a differ-
ential transformer (Dames and Moore, EDR). The probe generally requires
a special flexible casing as indicafed in Table 2. The electrical
output from the probe is measured at the control box and converted to
visual display, punched tape, or graphic form.
3. Procedure

3.1 Insfallation = Inclinometer casing should be installed in a

near-vertical hole that intersects the zone of suspected movement.* The

hole should extend beyond the zone of expected movement and at least

* Measurements in nonvertical holes can be made with some inclinometers;
however, before planning such holes manufacturers' specifications
should be checked to determine the limitations of the particular’
instrument being used.
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15 ft (A.S'm)vinto soil or rock in which no movément.is anticipated.
Ailowance should be made for loss of the bottom 5 ft (1.5 m) of the hole
where sediment'accumuiation may occur. Casing should be held in place
 with a sand backfill or a weak cement grout. Casings over 50 ft (15 m)
deep should be checked for twist using equipment described in paragraph
4.6 since some of the casings may be received with a built-in twist
which would cause considerable errors in observations.6‘3
_ 3.1.1 Inclinometer casings are commonly installed in either 5- or-
10-ft (1.5~ or 3.0-m) lengths and are available in either plastic or
aluminum. Plastic casing joints are glued. Aluminum casings are
coupled with aluminum couplings and riveted, Fig. 2. Care should be
taken to ensure that all joints are sealed since leakage can introduce
fines into grooves.and cause errors in readings. '~ Joints can be sealed
with caulking and taped. 'Greatef installation details can be obtained

from manufacturers' literatures'a’ 6.5, 6.6, 6.7

6.3, 6.8
sources.

or from other

3.2 Observations - Initial observations shoﬁld be made after
allowing sufficient setting time for the grout around the casing or time
for the backfill to settle where sand or gravel is used. Since all
displadements are computed based on the position of the casing when
installed, the initial position should be verified with at least three
separate sets of observations. These observations should be checked
closely to see that they agree within the accuracy of the inclinometer
being used. Observations should be repeated until satisfactory agree-
ment is obtained. When initial observations are made, the top of the
casing should be located with respect to a point outside the zone of
expected movenent by conventional surveying means and its elevation
determinad.

3.2.1 The frequency of observations depends upon several factors,
the moét important of which is the rate of movement. It is necessary to

read inclinometers frequently just after installation and, based on
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these results, to adjust tbe interval of observations. Observations
should coincide with obeervations:of other instrumentation such as
extensometers, piezometers, settlement devices, movement surveys, etc.

3.2.2 The procedure for obtaining readings with various inclinometers
may vary slightly and manufacturers' literature should be consulted for
the current procedure for a particuler instrument. However, the general
procedure consists of lowering'the inclinometer to the bottom of the
borehole and beginning the readings. The inclinometer is raised a
. specified' interval,* readings are made, and the procedure repeated until
the top of the hole is reached. The inclinometer is removed from .the
casing, inserted again with the guide wheels in a different groove,
lowered to the bottom of the casing, and readings are again made to the
top of the hole. This procednre_is repeated until a set of readings is
obtained for all four grooves. A field check is made: by comparing the
value of the eun.of each set of readings (opposite grooves) and the mean
of all sets of readings for the length of the casing. When variations
greater than specified by the manufacturer are found,bthe inclinometer
is relocated at that depth and an additionei reading is taken. Care
- should be taken to ensure that readings are obtained at the same depths
each time observations are made.

3.3 Maintenance - Maintenance that can be performed in the field om
inclinometers is very limited. On probes using 0 ring connections
between the probe and the cable, the 0 ring should be checked and
replaced as necessary. Electrical connections should be kept clean and
dry. On probes using batteries, the battery should be checked and
charged when necessary. Manufacturers' literature should be consulted
for other'maintenance operations and precautions to be exercised in
operation of inciinometers.

4. Data Reductlon

4.1 General - The numerical values of the readings (R) obtalned

from observations with most inclinometers are equal to plus or minus an

* Greatest accuracy is obtained when the interval of observations
equals the wheel spacing of the probe.
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instrument constant (K) times the sine of the inclination angle (8).

Expressed mathematically, this is:
R=*Ksin# (1)

where the plus or minus sign indicates the direction of movement--plus
away from the groove in which the measuring wheel is located and minus
toward the groove.

4.1.1 To compute the deflection of the casing from the vertical at

any measurement point, the right triangle depicted below is solved:

Inclinometer Vertical interval
length (L) _ of readings

Deflection (d)

where L is the distance between measuring wheels. This results in the
following expression: '

d=1sin @ (2)

The algebraic difference in readings (Rl - R3) in opposite grooves
(180 deg apart) can be used to minimize errors contributed by casing and

instrument irregularities.

* The formula is true for the Hall Inclinometer and the Digitilt. For
the Model 200-B, the reading is equal to a constant times the tangent
of the inclination angle; however, for the range of operation (*¥12 deg)
the tangent is approximately equal to the sine. Manufacturers'
literature should be consulted for applicability of this discussion to
a particular instrument.
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Difference = (R, - R,) = *+ 2K sin 0 (3)

1 3

Solving for sin 8

_ Difference
sin 8 = T

and substituting into Equation 2 we have

=L ., p4
d = K Difference (4)

4.1.2 Because the prime interest is not the magnitude of the deflec-
tion (d) but the change in deflection or magnitude of movement since the
initial readings, the initial deflection of the casing must be sub-
.tracted from the deflection at some later time.

L

d = dt - di = E-K-(Differencet - Differencei) (5

It is also desirable to know the deflected shape of the casing with
reference to a fixed point or length. This fixed length is normally

considered to be the bottom of the casing so that the formula now

becomes:
n 1 B
D=1 (dt - di) =% z (leferencet - leferencei)
m= 0 m=0
1B
D=ﬁ2 Change (6)
“m = o

where m = o is at the bottom of the casing or first measuring point and
m = n is at the top of the casing or last measuring point. It is
obvious from the above that the initial deflection of the casing need

not be computed. Only the Difference is needed.*

* As stated previously, several observations should be taken initially.
The Difference used above is an average of these observationms.
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4.2 Hand Calculations - Hand caiculations of the deflections in a

borehole cén be made using the above formula (Equation 6) and the data
sheets in Figs. 3 and 4. However, the calculations would require
checking of many additions, éubtractions, and multiplications for each
vertical plane in which deflection measurements Qere made. Where
several bofeholes are observed, this would be a long and tedious opera-
tion and therefore computer-reductién of data is usually performed.

4.3 Computer Data Reduction —_Equatidn'6 is readily adaptable to

computer reduction either from data recorded by hand or with automatic
data reéording devices. Computer programs are available thét reduce the
data, tabulate, and plot the_resuits. Documentation of two such pro-
grams is contained in reference 6.1.

4.4 Twist Corrections - In casings over 50 ft (15 m) in length,

accumulated twist can causevsignificant errors in the assumed direction
of movement. Casing should therefore be checked for twist using com-
‘mercially available equipment. If the twist is found to be significant,
readings can be corrected using'computer prbgrams,currently

available.6f1 ' : . .

5. Reporting Resglts v v

5.1 Results of inélinometer measurements are usually repbrted in
two ways: 1in tabulations of deflectionsvwith depth (Fig. 4) and in
plots (Fig. 5) showing movement versus depth in reiation to the struc-
ture, tunnei, or embankment near which movement is’being monitored.
6. References ' - |

6.1 Leach, Roy E., "Eﬁaiuatioh of Some Inclinometers, Related
Instruments, and Data Reduction Techniques,'" Miscellaneous Paper S-76-
12, U. S. Army Engineer Waterways Experiment Station, CE; Vicksburg,
Mississippi, 1976. B ' |

6.2 Franklin, J. A.’and Deﬁton, P. E., "The Monitoring of Rock
Slopes,"
1973.

The Quérterly-Jburnal of Engineering Geology, Vol 6, No. 3-4,
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Fig. 3. Field data sheet for borehole inclinometer
measurements (Cording, 1975).
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inclinometer (Cording, 1975).
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