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Foreword 
 
 

nstrumentation of geotechnical structures in the field has been beneficial in evaluating the 
movements and failures in the structures under real field conditions, as well as assessing the 

performance of new materials and methods used in the design and construction of geostructures. 
Instrumentation that monitors ground deformation response has been used mainly for slope 
stability studies of natural slopes and performance assessments of earth and pavement structures 
and the use of new materials such as lightweight embankment materials and construction 
methods such as mechanically stabilized earth wall systems and deep soil mixing. The 
Transportation Research Board’s (TRB) Soil and Rock Instrumentation Committee initiated the 
development of an e-circular on the use of inclinometers to facilitate technology transfer to state 
department of transportation (DOT) engineers and researchers responsible for designing the 
instrumentation of geotechnical and pavement structures. 

I 

This e-circular documents the state of the practice and representative applications on the 
use of inclinometer systems for measuring ground deformation and performance of geotechnical 
design elements on transportation projects. Inclinometer components and installation details are 
described. Information on planning inclinometer installation, acquiring and displaying data, and 
interpreting test results is provided. Additional references are cited for different areas of interest. 

The TRB Soil and Rock Instrumentation and Engineering Geology Committees sincerely 
thank George Machan for his leadership and hard work in compiling the e-circular. Special 
thanks also go to coauthor Victoria G. Bennett for her contributions to this report. We also 
acknowledge Thomas C. Sheahan for initiating the development of the e-circular as the past 
committee chair. The committees also acknowledge the efforts of members and friends who peer 
reviewed the document and provided valuable suggestions. Finally, we thank TRB Staff 
Representative G. P. Jayaprakash for providing continued support and assistance during this 
project. 
 

—Anand J. Puppala 
Chair, Soil and Rock Instrumentation Committee (Lead) 

 
—Thomas L. Badger 

Chair, Engineering Geology Committee 
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Inclinometer used for monitoring roadway stability  
in Yellowstone National Park (Beckstrand). 

 

 
 

Inclinometer installed for monitoring settlement of base (Puppala). 
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Introduction 
 
 

he purpose of this Circular is to provide updated information on the state of the practice for 
the use of inclinometers on highway projects. This instrument technology has more than 50 

years of experience. Data evaluation and correction procedures have improved with increased 
knowledge and introduction of analytical and graphing software. However, correcting 
inclinometer results for systematic errors is not widely understood and is not common practice. 
Guidance provided by American Association of  State Highway and Transportation Officials 
(AASHTO, 1980) has not been updated since 1980 and ASTM (2005) does not present 
evaluative procedures. This Circular identifies the key aspects of inclinometer usage and 
provides references for further guidance and technical descriptions. 

T 

 
 
DESCRIPTION 
 
Vertical inclinometers are instruments for measuring relative horizontal displacements affecting 
the shape of a guide casing embedded in the ground or structure. Inclinometer probes usually 
measure displacement in two perpendicular planes; therefore, displacement magnitudes and 
directions (vectors) can be calculated. The bottom end of the guide casing serves as a stable 
reference (datum) and must be embedded beyond the displacement zone. Relative displacement 
over time is determined by repeating measurements at the same depths and comparing data sets. 
The guide casing is installed vertically for most applications in order to measure horizontal 
ground movements. Less common are horizontal installations that use a specialized probe to 
monitor settlement. In rare cases, guide casings can be installed in inclined boreholes where 
access is limited and prevents vertical installations in the preferred locations, or where the 
feature to be monitored is inclined. However, casing inclination is typically restricted to 30 
degrees from vertical due to the potential for errors.  
 
 
SCOPE 
 
This Circular focuses on the most commonly used instrument type, the inclinometer probe with 
servo-accelerometers, which was introduced to the industry in 1969. The type of inclinometer 
commonly used is a traversing probe, which is inserted into the casing full depth and used to 
record casing inclination at predetermined intervals to develop a continuous profile of the shape 
of the casing. Also discussed are in-place or stationary inclinometer (IPI) applications where one 
or more probes are positioned at fixed locations in the casing. IPI probes can be combined with 
automatic data acquisition systems (ADAS) for continuous monitoring. The recently introduced 
inclinometer probe utilizing solid-state micro-electro-mechanical-sensors (MEMS) is also 
included. Other ground movement methods and developing technologies are briefly addressed. 
This Circular also summarizes inclinometer practice and provides references to other 
publications that provide more detail.  
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Inclinometer Usage in Geotechnical Applications 
 
 

he inclinometer is used in a variety of applications. Early usage, developed for monitoring 
landslide movement and slope stability, has evolved to monitoring the impact of excavations 

on nearby facilities, deformations of structures, and settlement of embankment fills and roadway 
subgrades.  

T 
 
 
LANDSLIDE INVESTIGATIONS  
 
Critical to landslide investigations is the determination of the depth and thickness of slide shear 
zones: the magnitude, rate, and direction of landslide movement. Inclinometer casing is installed 
in vertical boreholes. Usually, one to four borings, depending on the landslide size, are made 
along the central axis of the landslide to develop a model of the landslide for stability analyses. 
Inclinometers are the most commonly used instrument type when attempting to measure small 
levels of ground creep or shear zone movement, particularly between 0.1 and 0.5 in. (3 and 13 
mm). Traversing-type inclinometer probes are usually used to determine the depth of landslide 
shear displacement. IPI probes can be used where the depth of the shear zone is already known 
and the goal of instrumentation is to determine the rate of movement. This method is typically 
combined with automated data acquisition. To improve the capability of identifying shear zone 
movements when the depth of the shear zone is not accurately known, a string of fixed IPI 
sensors can be installed. For details regarding landslide instrumentation applications refer to 
Mikkelsen (1996) and Cornforth (2005).  
 
 
MONITORING SLOPE STABILITY  
 
Slopes in cuts or fill embankments can be monitored for stability during and after construction. 
In such cases, inclinometer casing is installed in vertical boreholes, following similar guidelines 
as for landslide investigations. Instrument locations are based on slope conditions and the 
importance of nearby facilities. Monitoring is made to verify performance and to identify 
whether unstable conditions are developing (Mikkelsen, 1996; Dunnicliff, 1988; and Cornforth, 
2005). 
 
 
MONITORING RETAINING STRUCTURE PERFORMANCE 
 
Instrumentation is used when the performance of retaining structures, such as sheet pile walls, 
soil nail walls, soldier pile walls, or mechanically stabilized earth (MSE) systems, could be 
adversely affected by lateral pressures or ground movements. Deformations of retaining 
structures could occur during and after construction. The inclinometer system can measure tilt 
and differential deformation behind or within the wall face, and bending moments can be 
determined. The casing can be installed vertically in boreholes adjacent to the wall face or can be 
embedded within or attached to structural elements. Traversing-type inclinometer probes are 
usually used to determine the relative shape of the retaining structure and changes to the 
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structure over time (Dunnicliff, 1988; Abu-Hejleh et al., 2001, 2005; Bentler et al., 2005; Finno 
and Roboski, 2005; Hu et al., 2003; Leonidou et al., 2001; Ou and Shiau, 1998; Ou et al., 1998; 
Yoo, 2000; Yoo and Lee, 2003).  
 
 
MONITORING EXCAVATIONS NEAR FACILITIES 
 
The impact of excavations, whether sloped or shored, can be monitored to determine if 
significant lateral deformations are occurring that could potentially affect the performance of 
nearby structures, utilities, and other critical facilities. Inclinometer casing is installed in vertical 
boreholes located between the excavation boundary and the nearby facilities. The inclinometer 
casing can also be installed in the excavation support system. This is typically accomplished by 
grouting the inclinometer casing into larger-diameter polyvinyl chloride (PVC) or thin-walled 
steel casing that is installed as part of the support system construction. Similar to the application 
for retaining structures, traversing-type inclinometer probes are usually used to determine the 
relative shape of the shored ground and changes over time. Refer to Dunnicliff (1988) for general 
procedure. Finno and Bryson (2002) describe inclinometers used to monitor ground deformations 
between an excavation supported by a secant pile wall and a nearby reinforced concrete frame 
building. Other references include Finno and Roboski (2005), Gue and Tan (1998), Hoffman et 
al. (2004), Hu et al. (2003), Kenwright et al. (2000), Leonidou et al. (2001), Massoudi (2006), 
Ou and Shiau (1998), and Wong and Chua (1999).  
 
 
MONITORING PILE AND DRILLED PIER PERFORMANCE  
 
Inclinometers can be used to measure the deformation of deep foundations subjected to large 
lateral loads. The inclinometer casing can be embedded within or attached to structural elements. 
The casing is typically embedded by either grouting it into a larger-diameter PVC or thin-walled 
steel casing that is installed as part of the foundation element, or by coring a hole after 
installation and grouting the casing into the foundation element. It may also be desirable to 
extend the inclinometer casing below the tip of the foundation element to achieve a stable 
reference datum. This is usually accomplished by drilling a hole through the foundation element 
after it has been installed. Dunnicliff (1988, 1998) and Ooi and Ramsey (2003) describe 
approaches to estimate bending moments. Hwang et al. (2001) describes the use of vertical 
inclinometers at various radial distances to monitor lateral ground deformations as a result of pile 
driving. Additional references include Goh et al. (2003), Kenwright et al. (2000), and Sarhan et 
al. (2002).  
 
 
MONITORING SETTLEMENT OF EMBANKMENTS 
 
Horizontally installed inclinometer casing can be used to measure differential settlement along a 
cross section of an embankment width. In addition, this type of instrumentation avoids 
interference with embankment fill placement and compaction as commonly occurs with 
traditional settlement plates that rely on vertical riser pipes for measurement. Traversing 
inclinometer probes are used for this application. The method to move the traversing probe 
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through the guide casing should protect the inclinometer probe from damage. This may require a 
second parallel pipe to contain the guide system alongside the inclinometer casing. Horizontal 
casing can be installed in a shallow trench and backfilled with sand or fine aggregate. 
Representative diagrams are presented in Slope Indicator Company (2006b) and Dunnicliff 
(1998).  
 
 
MONITORING DEFORMATION OF PAVEMENT BASE  
 
Horizontal inclinometers can be installed inside or at the interfaces of the base–subbase and 
subgrade materials to monitor the vertical deformations underneath the pavements. Inclinometers 
can detect small movements earlier than normal pavement surface data-collection equipment. 
Inclinometer casing and cable return pipe are installed within a narrow trench. Traversing 
inclinometer probes are used for this application. Ongoing research is evaluating the use of a 
recycled base material and its compressibility or rutting potential under traffic loads in which 
horizontal inclinometer data is proving valuable (Puppala and Sirigirpet, 2006; Puppala et al., 
2008).  
 
 
MONITORING PERFORMANCE DURING TUNNELING 
 
Inclinometers can be used to monitor stress relief ground movements and possible displacement 
of rock blocks during the construction of tunnels and shafts. Inclinometers are used to verify the 
adequacy of ground supports, detect potential flaws in the construction approach, and serve as a 
warning system for potential ground failure (Cording, 1977; National Academy of Sciences, 
1984; U.S. Army Corps of Engineers, 1997; Karakus and Fowell, 2005; Kavvadas, 2003; Martin, 
2006).  
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FIGURE 1  Typical inclinometer probe, cable, and readout device (Landslide Technology). 
 
 

  
 

FIGURE 2  Schematic of inclinometer probe inserted in casing  
that is installed to monitor ground deformations (Mikkelsen). 
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inclinometer casing using cables or rods between each sensor. A diagram of a series of in-place 
inclinometers is shown in Figure 5, along with a photo of one in-place probe.  

Many industrial tilt sensors are available, but only three types are most commonly made 
by manufacturers. For IPI applications these are (a) vibrating wire tilt sensors, (b) electrolytic tilt 
sensors, and (c) MEMS accelerometers. The servo-accelerometers are typically not used due to 
high power consumption, higher cost per measuring point and more complex programming for 
ADAS. 

A fixed IPI contains two sensors and is typically fitted with two sets of spring-pressured 
wheels to guide the insertion of the probe into the casing. Alternatively, the instrument could be 
made without wheels and permanently embedded within backfill or concrete, as long as other 
means are provided to determine orientation. A single IPI would only measure a short depth 
range. If monitoring is required over a greater depth range, a string of IPI inclinometers can be 
installed.  

ADAS provide self-operating data acquisition. One method is to use a data logger, 
possibly combined with multiplexers if multiple instruments are monitored by the same data 
logger, to collect and store the data. The data logger would be programmed to collect data at 
desired time intervals. The data are periodically uploaded into a computer for analysis. When 
rapid identification of movement is needed (i.e., real-time monitoring), telemetry could be added 
to send the data automatically utilizing wired or wireless systems. One economic advantage of 
ADAS is reduced labor time and travel.  

The ADAS equipment can be programmed to read the IPIs on a frequent basis and 
evaluate if predetermined movement or rate of movement thresholds have been exceeded. 

 
 

  
 

FIGURE 5  IPI installation schematic and photo of  
individual IPI probe (Landslide Technology, WSDOT). 
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Notification can then be provided in real time to warn monitoring personnel that a condition of 
concern may be developing. The data acquisition equipment can also be used to collect 
background data such as rainfall and groundwater levels to help develop an understanding of 
historical performance and to detect more subtle trends in the movements. Photos of an ADAS 
system are shown in Figure 6. 

Myers et al. (2000) presents a landslide case history that describes an automated 
monitoring system, which utilizes inclinometers and tilt meters to track ongoing creep 
movements and provide early warning of the need to make adjustments to a deep elevator shaft 
constructed through a landslide basal shear zone. Additional references include Massoudi (2006) 
and Pennell et al. (2005).  

Alternative instruments that can also measure real-time displacements along the full 
depth of boreholes include MEMS inclinometer strings and time domain reflectometry (TDR) 
cables, which are described later in this circular. Both instrument types can be integrated with 
ADAS equipment and wireless communication systems.  

 
 

  
 

FIGURE 6  Typical remote ADAS system with multiplexer,  
solar-recharged power, and radio communications (Myers). 

 
 



 
 
 

Inclinometer Instrumentation Planning and Selection 
 
 

lanning for instrumentation and monitoring is described in Dunnicliff (1988, 1998) and 
Mikkelsen (1996). The task of planning an instrumentation program to define and monitor 

ground movement is a logical and systematic process that accounts for geologic conditions and 
related engineering issues. This planning effort is based on defining the objectives and 
understanding the use of resulting data to determine possible implications. The following 
describes project parameters that influence the selection of instrument types and components.  

P 

 
 
PROJECT PARAMETERS  
 
The selection of instrumentation materials and installation methods will depend on an 
understanding of the geology, subsurface material, and groundwater depth. This information is 
gained through performing geologic reconnaissance and research, followed by subsurface 
investigations and analysis. First, the purpose of the ground displacement monitoring is defined, 
which requires an understanding or hypotheses of possible displacement mechanisms. Selection 
of the type of instruments and installation locations is also based on compatibility with the 
design of the transportation facility, such that the instrumentation survives the construction.  

The selection of the most appropriate instruments is based on the type of ground 
movements anticipated. It is important to first understand whether the ground movement is at a 
discrete depth or affecting a larger zone and if both vertical and horizontal movements are 
anticipated, which could require more complex instrumentation. The anticipated magnitude and 
rate of movement will also influence the type of instruments best suited for the project.  

Instrument accuracy and repeatability are important if ground movements are small. If 
the movement is large and fast, accuracy is not critical and relatively crude instruments and 
backfill may suffice.  
 
 
PROBE TYPE  
 
The selection of inclinometer probe type is based on the project application. If the depth or 
specific location of potential deflection is unknown, traversing inclinometers would be well 
suited. Where the location of ground movement is already known, an IPI (or short string of fixed 
in-place probes) can be considered.  

Probes with servo-accelerometers are considered more reliable because they have a long 
history of use with independent verifications. Alternatively, digital systems provide wireless 
technology and could be less expensive. However, this relatively recent application is not yet 
supported by independent research and verification and does not have a long history to identify 
potential issues. The selection of sensor type would be based on the instrument reliability 
required for the project application, as well as sensitivity, durability, and cost.  
 
 

11 
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EQUIPMENT COMPATIBILITY  
 
In general, many users prefer to select the inclinometer probe, cable, and readout device from the 
same manufacturer. Large errors can occur when components are not compatible. Mikkelsen 
(1996) describes this concern.  
 
 
CONFORMANCE  
 
The installation of inclinometer casing is designed to conform to the surrounding ground or 
structure. The type of casing and backfill can affect the ability of the instrument to accurately 
detect the deflections. Flexible instrument materials–backfill can deform readily as the ground 
deforms. For example, installations in medium stiff soil often use stable yet deformable plastic 
casing embedded in a grout comprised of cement with bentonite additive that provides firm support 
between the casing and the ground. Extreme rigidity or backfill softness–voids can adversely affect 
results.  
 
 
GUIDE CASING TYPES AND SIZES  
 
Inclinometer guide casing is available in a range of diameters and connection types. The selection 
of guide casing diameter depends on the anticipated range of ground movement and installation 
considerations. The casing is manufactured with four equidistant grooves along the inside of the 
pipe. It is essential that the casing manufacturer produces grooves that are linear to avoid spiral 
effects. Grooves in higher quality casing are machine-cut rather than extrusion-formed during 
casing manufacture. Guide casing is typically free of gaps that could allow grout or backfill 
materials to accidentally enter into the casing. The most common casing material is ABS, whereas 
steel and aluminum have become less common. Metal casing has been reported to be not desirable 
in corrosive environments. Small diameter casing is available for small diameter drill holes. Larger 
diameter casing is used to measure larger deflections and slide shear movements and to survive 
longer monitoring periods, but will require drilling with larger rods/bits. The most commonly used 
inclinometer casing diameter is 2.75 in. (70 mm) O.D. because it fits within common HQ [3.0 in. 
(77.7 mm) I.D.] drill holes and allows for an adequate annular space for grouting. One-way valves 
can be used at the tip of the inclinometer casing to facilitate grouting. Other casing sizes include 
1.9 in. and 3.34 in. (48 mm and 85 mm) O.D. Examples of ABS and aluminum inclinometer casing 
and connections are shown in Figures 7 and 8, respectively.  

The length of inclinometer casing is also an important consideration. For most applications, 
the guide casing needs to extend to stable ground to serve as a stable reference datum. In unusual 
applications where stable ground does not exist within reasonable distance, the upper or entry 
casing end is surveyed each time measurements are collected to determine reference coordinates 
for comparing datasets. In this case, however, inaccuracies will be inherent due to surveying errors. 
Generally, the casing is installed at least 10 ft (3 m) below the anticipated zone of movement to 
develop verifiable fixity. Mikkelsen (1996) recommends a depth of 20 ft (6 m) below the 
movement zone in order to verify inclinometer calibration each time readings are made, which 
would provide the data necessary for performing systematic error corrections, as discussed later.  
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FIGURE 7  ABS inclinometer casing, diameter in mm (Slope Indicator Company). 
 
 

 
 

FIGURE 8  Example of aluminum inclinometer casing and connections (Mikkelsen). 
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TELESCOPING CASING CONNECTIONS  
 
Telescoping connections are sometimes installed in vertical boreholes when the ground is 
expected to settle, such as embankments placed over soft ground. Example connections are 
shown in Figure 9. Alignment of each measurement depth between data sets over time can be 
problematic. Means to account for settlement are described by Dunnicliff (1988). Refer also to 
Slope Indicator Company (1997, revised 2000).  
 
 
DATA ACQUISITION: READOUT DEVICE  
 
The readout instrument and accompanying data reduction software are provided by 
manufacturers of inclinometer probes to be compatible with their systems. The readout device 
stores previous datasets for reference and for beginning new datasets. When the probe has 
stabilized inside the casing, the stable readings are confirmed by the operator and recorded by the 
 
 

                                
(a) (b) 

FIGURE 9  Inclinometer casing connections: (a) regular and (b) telescoping  
(Slope Indicator Company). 










































































































































	Front Matter

