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1. Scope for embankments and excavations, monitoring the settlement
1.1 This test method covers the use of inclinometers ténd lateral spread beneath tanks and embankments, and moni-

covers types of instruments, installation procedures, operating Apparatus

procedures and maintenance requirements. It also provides o o
formulae for data reduction. 4.1 The probe type inclinometer uses sensors inside a probe

1.2 The values stated in SI units are to be regarded as tH@ indicate the orientation of the probe relative to the pull of

standard. The inch-pound units given in parentheses are f@ffavity. The complete system consists of: _ _
information only. 4.1.1 A permanently installed pipe, called casing, with test

1.3 This standard does not purport to address all of theMethod grooves. The casing is made of plastic, aluminum
safety concerns, if any, associated with its use. It is thélloy, or fiberglass.

responsibility of the user of this standard to establish appro- 4-1-2 The Probe-Most probes use force balance acceler-

priate health and safety practices and determine the applica®meters which give a voltage output that is proportional to
bility of regulatory limitations prior to use. inclination of the probe. Biaxial probes contain two sensors

oriented 90 ° apart to permit readings in orthogonal directions

2. Referenced Documents at the same time.
2.1 ASTM Standards: 4.1.3 A portable readout unit with power supply for the
D 653 Terminology Relating to Soil, Rock, and ContainedSensors and display to indicate probe inclination. The readout
Fluids? unit may have internal memory to record data.
D 4622 Test Method for Rock Mass Monitoring Using 4-1.4 An electrical cable connecting the probe and readout
Inclinometeré unit with distance markings. Fig. 1 shows a typical set of
components.

3. Significance and Use
5. Procedure

3.1 An inclinometer is a device for measuring deformation ] o
normal to the axis of a pipe by passing a probe along the pipe -1 Installation of Casing in a Borehole . .
and measuring the inclination of the probe with respect to the 5:1.1 Select casing materials that are compatible with the
line of gravity. Measurements are converted to distances usingf'vironmental conditions at the installation. Select casing size
trigonometric functions. Distances are summed to find th&onsistent with the specific measurement requirements and
position of the pipe. Successive measurements give differenc&@nditions for the job. Store casing materials in a safe, secure
in position of the pipe and indicate deformation normal to thePlace to prevent damage. Sunlight may damage plastic casing.
axis of the pipe. In most cases the pipe is installed in d1ighand low pH may damage metal'casmg. Note that a special
near-vertical hole. Measurements indicate subsurface horizofrobe may be required for non-vertical boreholes. _
tal deformation. In some cases the pipe is installed horizontally 5-1.2 Assemble all components required for the casing,
and the measurements indicate vertical deformation. including casing, joints, connectors, and end cap. Examine
3.2 Inclinometers are also called slope inclinometers of&ch component for defects. Do not use defective components
slope indicators. Typical applications include measuring théince they may later cause problems with readings that are
rate of landslide movement and locating the zone of shearinglifficult to diagnose and impossible to correct. Keep all

monitoring the magnitude and rate of horizontal movement§0omponents clean and free of foreign matter during assembly.
Follow the manufacturer’s instructions for assembly of the

casing. If required, use sealing mastic and tape to seal all

This test method is under the jurisdiction of ASTM Committee D-18 on Sail coupllngs to prevent later flow of soil partlcles into the casing.

and Rock and is the direct responsibility of Subcommittee D18.23 on Field

Instrumentation. This is especially important when using grout to seal the casing
Current edition approved Feb. 10, 1998. Published January 1999. in the hole. Exercise care to keep the casing grooves free of
2 . . .
Annual Book of ASTM Standardéol 04.08. obstructions. When assembling couplings, use procedures to

2 Annual Book of ASTM Standardgol 04.09
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squeezing off of the borehole. Withdraw drill casing and
hollow-stem augers without rotation to prevent damage to the
inclinometer casing. Use measures to prevent backfill from
spilling into the inclinometer casing.

5.2 Installation on The Ground Surface of Horizontal Cas-
ing:

Note 1—A practical limit for installing horizontal casing is about 100
m. Beyond 100 m cable friction makes it difficult to pull the inclinometer

probe through the casing. Special Teflon inserts on the cable alleviate the
problem to some degree.

5.2.1 Select casing materials that are compatible with the
environmental conditions at the installation. Select casing size
consistent with the specific measurement requirements and
conditions for the job. Store casing materials in a safe, secure
place to prevent damage. Sunlight may damage plastic casing.
High and low pH may damage metal casing. Note that a special
probe is required for horizontal casing. If one end of the casing

. ' » is to be buried then the end cap contains a pulley to carry a wire
FIG. 1 Typical Components of Inclinometer System that is used to pull the probe into the inclinometer casing.
Special care must be taken to insure that the pulley is correctly

prevent spiraling of the casing grooves. Twist adjacent couasseémbled, free to tun and has the wire in place. Take
plings in alternate directions before fixing to minimize spiral- Precautions at all times during installation to keep the wire
ing. Examine the casing during assembly to confirm tha€léan.
spiraling is not occurring. Place a cap on the bottom end and 5-2.2 Create a near-level surface over the length where the
seal it to prevent inflow. casing is to be installed. Cover with a bed of at least 50-mm
5.1.3 Create the borehole using procedures to keep f#-in.) deep and 300-mm (12-in.) wide of clean sand, pea
aligned within the range of the readout equipment. Extend th@ravel or a lean grout.
borehole at leds5 m (16 ft) beyond the zone of expected 5.2.3 Assemble all components required for the casing,
movement. It may be necessary to use casing, hollow-steiicluding casing joints, connectors, and end cap. Examine each
augers, or drilling mud to keep the hole open and stable. Flushomponent for defects. Do not use defective components since
the hole until clear of drilling cuttings. they may later cause problems with readings that are difficult to
5.1.4 Insert the casing into the borehole. Establish thgliagnose and impossible to correct. Keep all components clean
reference orientation for the casing and align one set of groveand free of foreign matter during assembly. Follow the manu-
with this reference. This orientation is commonly referred to agacturer’s instructions for assembly of the casing. If required
the A direction. It should align with the direction of greatest use sealing mastic and tape to seal all couplings to prevent later
anticipated movement. Add clean water to the casing ifflow of soil particles into the casing. This is especially
necessary to overcome buoyancy. Use care to minimize ariynportant when using grout to seal the casing in the borehole.
twist of the casing during installation. Care should be exercisexercise care to keep the casing grooves free of obstructions.
to maintain orientation without twisting from the first piece of When assembling couplings, use procedures to prevent spiral-
casing to the last. Twisting the top of the casing may causég of the casing grooves. Twist adjacent couplings in alternate
spiraling of casing at depth. directions before fixing to minimize spiraling. Examine the
5.1.5 Backfill the annular space between the borehole wakasing during assembly to confirm that spiraling is not occur-
and the inclinometer casing with a suitable filling material.ring.
Borehole can be pre-grouted or post-grouted. If post-grouted, 5.2.4 Place the casing onto the bed and adjust its position
grouting can be through a tremie placed in the annulus of thantil it is within the tolerances required by the readout device.
inclinometer casing and the borehole’s walls or via an internaEstablish the reference orientation for the casing and align one
tremie connected to a one-way bottom grout valve. Optionset of groves with this reference. This orientation is commonly
include cement grout, sand and pea gravel. A lean cement grotgferred to as the A direction. It aligns with the direction of
backfill is preferable unless the surrounding ground is todgreatest anticipated movement. Visually check for and remove
pervious to hold the grout. Place grout with a tremie. Buoyancyany spiraling. Determine that the pull cable is in position and
must be overcome with grout backfills. Add a weight to themoves freely through the inclinometer casing.
bottom of the inclinometer casing, temporarily place clean drill 5.2.5 Use hand tools or light construction equipment to
pipe inside the casing, or place the fiBsm (10 ft) of grout place clean sand, pea gravel or lean grout evenly, at least
around the bottom of the casing and let it set, then complete thE50-mm (6-in.) wide, on both sides of the casing. Cover the
grouting. Place sand and gravel backfills slowly and withinclinometer casing with at least 50 mm (2 in.) of clean sand,
techniques to prevent leaving large voids in the backfill. Suctpea gravel or lean grout. Place fill over casing in 150-mm
voids can later lead to erratic readings. Place backfill and6-in.) lifts. Fill for the first lift should not contain any particles
withdraw drill casing or augers in sequence to prevent anyarger than 25 mm (1 in.). If compaction is required, use hand
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compactors for the first two lifts. the A and A directions at each depth and the readings for the
5.3 Calibration: B and B direction. These sums are called check-sums and
5.3.1 Inclinometers are factory calibrated and supplied witshould equal a constant value that is a characteristic of the
a calibration factor, K, that is specific to the probe and theProbe. Refer to the manufacturer’s literature for information on
readout unit. Some manufacturers provide standardized readllowable variation in the check-sum. A single deviation in a
out units that can be used with multiple probes. However i€heck-sum probably indicates a bad reading. Erratic behavior
should be noted that electronic variations in the readou®f the check-sums generally indicates a poor electrical connec-
equipment may cause conditions where different probes wilfion or a malfunctioning probe or readout.
give different readings. It is recommended that a calibration 5.5 Initial Readings
check be performed any time a probe and readout unit 5.5.1 Make initial observations after allowing sufficient time
combination is changed. For applications involving small butfor the grout around the casing to set or for the backfill to
important changes over several years, recalibrate the instrgtabilize. Since computation of all displacements is based on
ment to the precision of the device at least once per year. the initial readings, it is important to have a valid set. Verify the
5.3.2 Perform a calibration check before each set of incliinitial set of readings with at least two sets of readings, taken
nometer readings. Field checks can be made using a test stafdl, the same day. Check these readings for stability of the
a test casing, or a section of field casing in material that doegheck-sums and for displacement within the accuracy of the
not move. Test stands are available from most manufacturergquipment. Repeat observations until satisfactory agreement is
They employ a short piece of inclinometer casing preset at &btained. From all initial readings taken, one set should be
fixed angle. The test stand must be set on a stable base afglected for use as the reference set for all subsequent readings.
properly aligned by the manufacturer's instructions. A testTake readings on any spiral with a spiral sensor if corrections
casing is a short piece of casing installed in a fixed positiorfor twist are desired, or if there is potential for twist in the
with the grooves at angles of 0 to 10° from the vertical. Acasing of sufficient magnitude to affect the computed displace-
section of field casing that is placed in fixed material can beénents of the casing.
used to check calibrations. This last method is the least 5.5.2 The top position (x, y and z) of the inclinometer casing
preferable since most field casings are near-vertical (or neamust be located by survey at the same time initial readings are
horizontal). Calibration checks on vertical casing can indicatanade by survey to the accuracy of the inclinometer readings.
malfunctioning equipment but cannot provide an accuratdater changes in the top position of the casing can be used to
calibration. check the inclinometer readings or to correct for movement of
5.3.3 Perform a calibration check by assembling the probethe bottom of the inclinometer casing.
cable and readout equipment and allowing it to equilibrate to 5.6 Observations
ambient temperature for at least 10 min. The probe is posi- 5.6.1 The frequency of observations depends upon the rate
tioned in the test stand or casing and readings taken. The prolo# movement and the allowable movements. Some installations
is removed, rotated 90°, reinserted and read. This operation ieay require several readings per day. Others may require a few
repeated to obtain readings at 180 and 270°. Consult theeadings per year. In uncertain conditions, inclinometer casings
manufacturer’s instructions to determine if your readings areshould be read frequently just after installation and the results
within the recommended ranges for the equipment. Anysed to adjust the interval of subsequent observations. Obser-
obvious malfunctioning of the equipment, such as drift in thevations should coincide with the observations of other instru-
reading with time, inability to reproduce a reading, should bementation, such as extensometers, piezometers, settlement
corrected before using the instrument. devices, movement surveys, and the like.
5.4 Measurement Method 5.6.2 The same procedure outlined for taking initial read-
5.4.1 The probe is inserted into the casing oriented in théngs is used to take observations. It is essential that readings be
reference direction (that is, a direction) to the bottom of ataken at the same depths as used for the initial readings. It is
vertical or inclined casing or to the far end of a horizontalgenerally desirable to use the same equipment, people and
casing. A measurement traverse is made by holding the probgocedures for the same inclinometers to reduce systematic
stationary at each depth interval and recording depth anérror. The check-sum should be examined after completing the
reading. Recommended practice is to use a reading interv&¢adings for each inclinometer and repeat readings taken if any
equal to the wheel spacing on the probe. After each readinglata are in question. Other data to be recorded with the initial
raise the probe by the reading interval and take the next set ¢e¢adings include: ground surface elevation, date of installation,
readings. Repeat the procedure to the top of the casing @ate of initial reading and elevation of bottom of casing.
complete the traverse. Remove the probe from the casing, 5.7 Maintenance
rotate it 180°, and lower it to the bottom of the casing. Start 5.7.1 Check the wheel fixtures, bearings and springs fre-
readings for this traverse from exactly the same depth as thguently. Tighten and replace as necessary. Clean and lubricate
first traverse and make each reading at exactly the same depjhide wheels as recommended by manufacturer. For horizontal
as the first traverse. For biaxial probes, two traverses compleiaclinometers using a pull wire, use a cloth to keep the pull
the set of readings. For uniaxial probes, two more traversegire clean at all times. Check the water seals on the electrical
must be made for the B direction the same way as for the Aonnections and replace as they become worn. Keep all
direction. electrical connections clean and dry. On probes using batteries,
5.4.2 Check the set of readings by summing the readings farzheck the connections and charge as necessary. Consult the
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manufacturer’s literature for instructions for maintenance opreadings, Eq 4 can be simplified to Eq 5.
erations and precautions, especially for removal of the battery

i=n 1=n
if the device is not to be used for the next month. It is important AD, , = %* [ é‘,l (Ry —Rad@tt —;1 (Ry —Ra)ay, | (5)
to minimize dirt entering the casing. It may accumulate in the L i o
casing grooves. It may become necessary to flush the incli- AD,, = 5 * [ 3 (Re ~Ridart — 2 (R ~Ridgis, ]
nometer casing with cleaning water and use a large bottle brush =1 =1
to clean the grooves. 6.2 Corrections for Twist (Spiraling}-Computations of dis-
6. Calculation placement must be corrected for twist where the inclinometer

casing grooves do not align with the desired directions of
movement. These corrections require readings of twist at each
depth that inclinometer readings are taken. Usually, a separate
probe is required to read twist. Readings are normally taken at
the same time as initial readings.

d=*R 1) Assuming twist is measured at each depth of deflection

K . N
] o ] ] readings as the angle,, the readings in the A-Aand B-B
where: L is the reading interval an& is the instrument yirections are:

constantK is supplied by the manufacturer and determined by

factory calibration. AD;, =\/(AD; )* + (AD;, ) (6)

6.1 General—The numerical readings (RR,, Rs;, R,) are
proportional to the deflection of the casing from the instru-
ment’'s reference direction (i.e. vertical or horizontal). The
casing deflectiond, equals:

Note 2—Often the gage length of the sensor’s wheels is taken as the ool AD, ,
reading i b =tan” | 35
g interval. i1
6.1.1 Average the readings in opposite directions (180° AD;_, = AD;_cot(d; + 6;)
apart) to compute the incremental casing deflection at each AD. = AD, tan(d; + 6,)
depth: o e in i 6

L (R,—R,) L (R,—R,) where:#; is positive in clockwise direction.
13 TR T D he=g—> @ 6.3 Adjustments for Surveyed Displacemeih some cases
he inclinometer casing cannot be practically installed into a
ixed stratum. If the absolute displacements are required, then
he position of one point on the casing must be determined by
survey each time inclinometer readings are taken. This section
ssumes that the position of the top of the casing is determined
y survey. From the survey determine the displacement in
direction A-A" (ADg, ) and B-B (ADg ) since the initial

d,_; is the computed incremental casing deflection at on
depth in direction 1-3J,_, is the computed incremental casing t
deflection at one depth in direction 2—4.

6.1.2 Compute the position of the casing at any ddpthas
the sum of the incremental casing deflections from the end o@
the casing to that depth, or:

D -S4 D. = E”d 3 readings. These values are added to the displacements deter-
e Mos (S e mined in Eq 6 to find the total displacements of the inclinom-
Eq 3 assumes that the reference point is at the bottom of thefer casing.

casing.
6.1.3 Use Eq 3 with the initial set of readings to find the7. Report

initial position of the inclinometer casing. Two or more sets of 7 3 Report the results as a tabulation of displacement versus
initial readings taken on the same day can be averaged {§opih (see Fig. 2) and a plot of displacement versus depth (see
obtain a more precise set of initial readings, unless significanti 3) for both directions. Even in situations where movement
movements are occurring over the time interval required 1, the B-B' direction may be small or considered to be of no
take the two sets of readings. If significant movements ocCUiterest, these data are useful to indicate a malfunctioning

during the time that initial readings are taken, the sequentighgryment or defective casing or the occurrence of unexpected
data sets will show a consistent trend indicating movement ang, ,yvements. Include the inclinometer number project name

averaging of the initial data sets is not required. _ orientation of reading directions, date of reading and date of
6.1.4 Use Eq 3 with any subsequent set of readings to fing,isig| reading on the report.

the new position of the inclinometer casing at the time of the
readings. _ . 8. Precision and Bias
6.1.5 Use Eq 4 to compute the displacement of the casing. o _
AD,, between two times as the difference in position of the 8.1 Precision—Due to the nature of the soil or rock mate-
casing for those two times. It is usual practice for the readingéials tested by this test method it is either not feasible or too

at t=t, to be the initial set of readings. costly at this time to produce multiple specimens that have
n n uniform physical properties. Any variation observed in the data
AD, =Y d -S4 @ is just as likely to be due to installation variation or operator
Toom e e variations. Subcommittee D18.23 welcomes proposals that
I=n

would allow for development of a valid precision statement.

8.2 Bias—There is no accepted reference value for this test
6.1.6 If L andK are constant and the same for all sets ofmethod, therefore, bias cannot be determined.

i=n
AD”&A = 1 d[274 et i;[ dtzfzt @t

4



9. Keywords

b D 6230

Inclinometer: |-7001 Readout: 004576 | | ;
Readings: 09/15/96__ Zero: 06/15/96 | i i :
! A-A 88 : AA | BB  AAZero|B-BZero AR 8-
Elev, ing: ings | ing: ing: i Position | Position . Position | Position | Displacement : Displacement|
meters | AA A-A | BB B-8' Twist | Position, m| Position, m i m_ m m m m m
14.95] 481 371 77 587 0.0180]  0.0260] -0.01801 0.0260: -0.0186]  0.0268 0.00061 0.0008|
| 1445 3561 731 -585] 0018400202 003641 __0.0552, 003801 _0.0548] 0.00161 0.0004
13.951 37| 461 721 SE’ 0.0182]__ 0.0292] 00546/ _ 0.0844: _0.05/81 _ 0.0626/ X
-13.45] 417 261 707 556 0.0182] __0.0302] _-0.0728] _0.11461__-0.0786]
12.95 362 272] 679 528 00180 __ 0.0302] 009081 0.1448:__-0.0986!
12.45] 277 831 700] 552 0.0188] __ 0.0296(__-0.1096] _ 0.1744 01206/
1,951 254 157] 6951 -554] 00194] 00262 _0.1290) _ 0.2026__ 0.1426/
1.450 24 132] 6901 552] -0.0184] 0276/ 01474 0.2302] _0.16521 0.
10.95] 191 1001 644] 501] 0.0182 02861 016561 0.25881 -0.1860
-10.45] 158 il 619] 471] 0.0202 .0296]__-0.1858] _ 0.26841 _-0.2080| _ 0.2762| 0.0222 0.0122]
9.951 -163) 661 615] 475 0194 00280 _0.2052]__0.31641_ 0.2294] _ 0.3056] 0.0242] 0.0108)
9.451 144 9] 71a] 572 001901 0.0264( _02242] 03448 0.2514] 03322 0.0272; 0.012§
-8.951 3 1261 78] -540 0.0190] __ 0.0272]__02432] 03720102734 0.3600] 0.0302 0.0120
-8.45] 107 2031 662 514 00192] 00296 _0.2624] 04016029561 _ 0.3888| 0.0332' 0.0128|
7951 81 1767 849 498 001907 00306 02814 0.4322. _3.3182] _ 0.4182] 0.03681 0.0140|
7.45] 52 50] 5401 485 0.0204] __ 0.0310] 03018 0.4632 __0.3400] _ 0.4480] 0.0382] .0152|
5.95] 231 142 524 470 0.0178] _ 0.0308 03196 0.4940] _0.3626] 0.4770) 0.64301 70|
£.45| 37 2751 827 457 00192] ___0.0320] 033681 0.52601 _0.3660] _ 0.5070| 0.0472! 0190
595! 434 3% 81 458 0.0196] _ 0.0306] _0.3584] _ 0.55661 -0.4100| _ 0.5376[ G.05161 .0190
545 385 250] 566 4357 001901 0.0302] 037741 0.5868] 0.4338] 05672 0.05641 0196
4,950 37 21 564] -4\_0_4 00192] 00308/ 039661 0.61761 04584 05962 0.06181 0.0214]
4.45] -343 2401 S44] 4001 0.0206]  0.0288] -04172] 064641 0.4822] 06252 0.06501 0.0212
350 281 177 455 353 00208] 002841 0.4380] 0.67481 _0.5066] 06510 0.06881 0.0238)
3.45] 343 237] 408 -270 00212] 002761 _-0.4582] _ 0.7024i_-0.5314] _ 0.6744 00722 0.0280)|
2.95] -358] 252 3811 237 00212] _ 00288] 04804 073121 05562 07002 0.07581 0.0310)
2.45] 290] 181 359] 215 00218 02881 _-05022| 0.76001 _0.5012]  0.7268) 5.07901 .0332|
1.5 226] 121 252| -161 0.0210] 02621 _0.5232]_0.78621 _0.6064 7500 0.08321 0362
5 £| 163 51 275] 132 0.024 0286 -0.5456] _ 0.8148_ 0.6318 7758 0.08601 0350
0.5 142] 29| 243) 14 50226 .0258] 05682 0.84061 _0.6564] _ 0.8018( 0.0882! .0388|
0.45] -238] 1241 275 % 00228] 002381 059101 0.06441 068181 _ 0.8236] 0.09081 .0408|
.65 -209] 94 295 73] 00230] 00244 06140 _ 0.8888] -0.7070] _ 0.8492] 0.68301 0396
9.55] 225] 109 305! -183 00232] 00244 06372] 09132 0.7322] 0.8758] ~  0.09501 .0374)
1.05] 251 133] 18] -190] 0.0238] __ 0.0252] -0.6608]__ 0.9384] _0.7570] 09026 0.09621 0358
1.55] -206 89] 23] -199] 0.02341 0248106842 096321 _0.78221__0.9302] 603801 .0330
2.05] 54 571 343 20 0.0222] 02451 07064 098781 _0.8078] _ 0.9550 C.10141 .0328|
.55] 213 -333 400| -265] 0.0240) 0270 _0.7304]__1.0148._0.8334] _ 0.9778| 0.1030] 0370
.05] 272 -390 455] -318] 00236 0274 _0.7540 __1.04221 _-0.8598]  1.0022 0.10561 0400
551 283 -403 534 -40_4| 0.0240} 02601 _ 0.77601 106827 0.8856]  1.0264 0.1076! 0418
405 2641 386 627] 493 20,0244} 02681 _0.8024] 1.09501 _0.9124] _1.0516] 0.11001 0.0434)
455] 242] 3671 673) 526 5.0250( 02041 _0.8274] __1.12441__0.93801 __ 1.0794| 011061 0.0450)
FIG. 2 Inclinometer Data and Calculations
A-A’ Direction B-B’ Direction
Horizontal Displacement, m Horizontal Displacement, m
0.0000 0.0200 0.0400 00600 00800 01000 0.1200 -0.0200 0.0000 0.0200 0.0400 0.0600 00800 0.1000
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FIG. 3 Plot of Reduced Inclinometer Data
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



