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Piezometers
Applications

Typical applications for piezometers are:

« Monitoring pore water pressures to determine safe
rates of fill or excavation.

« Monitoring pore water pressures to evaluate slope
stability.

« Monitoring dewatering systems used for
excavations.

« Monitoring ground improvement systems, such as vertical drains and
sand drains.

« Monitoring pore pressures to check the performance of earthfill dams
and embankments.

« Monitoring pore pressures to check containment systems at landfills and
tailings dams.

Types of Piezometers

Standpipe Piezometers
The standpipe piezometer, which is installed in a borehole, consists of a filter tip
joined to a riser pipe. Readings are obtained with a water level indicator.

Advantages: Simple, reliable inexpensive, not electrical, no calibrated
components.

Limitations: Accuracy depends on skill of operator; reading requires a man on
site; remote reading not possible; slower to show changes in pore-water
pressure.

Pneumatic Piezometers

The pneumatic piezometer consists of a pneumatic pressure transducer and
pneumatic tubing. It can be installed in a borehole, embedded in fill, or
suspended in a standpipe. Readings are obtained with a pneumatic indicator.
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Advantages: Reliable, remote reading possible, not electrical, indicator can be
calibrated at any time.

Limitations: Accuracy depends on skill of operator; difficult and expensive to
automate, so reading requires man on site; reading time increases with length
of tubing; pneumatic tubing can be blocked by condensation if not frequently
charged with dry nitrogen gas.

Vibrating Wire Piezometers
The vibrating wire piezometer consists of a vibrating wire pressure transducer

and signal cable. It can be installed in a borehole, embedded in fill, or
suspended in a standpipe. Readings are obtained with a portable readout or a
data logger.

Advantages: Easy to read, very accurate; good response time in all soils; easy
to automate; reliable remote readings.

Limitations: Must be protected from electrical transients; must compensate for
barometric pressure when used in wells that are open to atmosphere.

Standpipe Piezometers

Applications

Standpipe piezometers are used to monitor piezometric

water levels. Observation wells are used to monitor )
ground water levels. Typical applications include: 3
« Monitoring pore-water pressure to determine the £ il
stability of slopes, embankments, and landfill '“’Z% § S
dikes. ]
« Monitoring ground improvement techniques such E..-w_ﬁz ] R
as vertical drains, sand drains, and dynamic i f
compaction. a|%
= ¥
o . . S5 1§
« Monitoring dewatering schemes for excavations -
and underground openings. A

« Monitoring seepage and ground water movement
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in embankments, landfill dikes, and dams.
« Monitoring water drawdown during pumping tests.

Installation

The standpipe piezometer, which is installed in a borehole, consists of a filter tip
joined to a riser pipe. The filter tip is placed in a sand zone and a bentonite seal
is placed above the sand to isolate the pore water pressure at the tip. The
annular space between the riser pipe and the borehole is backfilled to the
surface with a bentonite grout to prevent unwanted vertical migration of water.
The riser pipe is terminated above ground level with a vented cap.

The observation well uses the same components as the standpipe piezometer,
but is installed differently. No bentonite seals are placed and the borehole is
backfilled with gravel or sand rather than a bentonite grout. The top of the
borehole is sealed to prevent the entry of surface runoff, and the riser pipe is
terminated above ground level.

Operation

Water levels in either the standpipe piezometer or the observation well are
measured with a water level indicator. The water level indicator consists of a
probe, a graduated cable or tape, and a cable reel with built-in electronics. The
probe is lowered down the standpipe until it makes contact with water. This is
signaled by a light and a buzzer built into the cable reel. The depth-to-water
reading is taken from the cable or tape. The Water Level Indicator features a
sensitivity adjustment which helps the user obtain consistent measurements
and eliminates false triggering in different well and water conditions.

Advantages
« Economical components.
« Simple to read.

« Very good long-term reliability.
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Pneumatic piezometers

Applications

Pneumatic piezometers are used to measure pore water
pressure in saturated soils. Applications include:

« Monitoring pore pressures to determine safe rates
of fill or excavation.

« Monitoring pore water pressures to determine slope
stability.

« Monitoring the effects of dewatering systems used for excavations.

« Monitoring the effects of ground improvement systems such as vertical
drains and sand drains.

« Monitoring pore water pressures to check the performance of earth fill
dams and embankments.

« Monitoring pore water pressures to check containment systems at land
fills and tailings dams.

Advantages

Slope Indicator's pneumatic piezometers employ a simple and reliable

transducer that is free from zero drift. Long term 7 Pressue

performance is enhanced by corrosion-resistant plastic T\Dwi\im

construction, polyethylene tubing, and in-line filters in mf—}b—m

all connectors. Compatible with both flow and no-flow v

reading techniques. Cﬁ.

Operating Principle _} dert
Boiiveded

In a typical installation, the piezometer is sealed in a 'f':_}

borehole, embedded in fill, or suspended in a ) :

standpipe. Twin pneumatic tubes run from the

piezometer to a terminal at the surface. Readings are ek e

obtained with a pneumatic indicator.
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The piezometer contains a flexible diaphragm. Water pressure acts on one side
of the diaphragm and gas pressure acts on the other. When a reading is
required, a pneumatic indicator is connected to the terminal or directly to the
tubing. Compressed nitrogen gas from the indicator flows down the input tube to
increase gas pressure on the diaphragm.

When gas pressure exceeds water pressure, the diaphragm is forced away
from the vent tube, allowing excess gas to escape via the vent tube. When the
return flow of gas is detected at the surface, the gas supply is shut off.

Gas pressure in the piezometer decreases until water pressure forces the
diaphragm to its original position, preventing further escape of gas through the
vent tube. At this point, gas pressure equals water pressure, and the pneumatic
indicator shows the reading on its pressure gauge.

VW Piezometers
Applications

Typical applications for the VW piezometer are:

« Monitoring pore water pressures to determine
safe rates of fill or excavation.

« Monitoring pore water pressures to determine
slope stability.

« Monitoring the effects of dewatering systems used for excavations.

« Monitoring the effects of ground improvement systems such as vertical
drains and sand drains.

« Monitoring pore pressures to check the performance of earth fill dams
and embankments.

« Monitoring pore pressures to check containment systems at land fills and
tailings dams.

Operation

The VW piezometer converts water pressure to a frequency signal via a
diaphragm, a tensioned steel wire, and an electromagnetic coil. The piezometer
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is designed so that a change in pressure on the diaphragm causes a change in
tension of the wire. When excited by the electromagnetic coil, the wire vibrates
at its natural frequency. The vibration of the wire in the proximity of the coil
generates a frequency signal that is transmitted to the readout device. The
readout device processes the signal, applies calibration factors, and displays a
reading in the required engineering unit.

Installation Overview

Grout-In Method: The piezometer is lowered, filter-end up, to the specified
depth in the borehole. Then the borehole is filled with a bentonite-cement grout.
More information about this installation method can be found in the VW
piezometer manual (see link at bottom of the page) and in a technical note.

Sand Filter Method: The borehole is flushed with water or biodegradable
drilling mud. A sand filter is placed around the piezometer which is positioned at
the specified depth. A bentonite plug is formed at the top of the sand filter. Then
the remainder of the borehole is filled with a bentonite-cement grout.

Push-In: The special-body, push-in piezometer is pushed into soft, cohesive
soil at the bottom of a borehole. The piezometer must be monitored to ensure
that it is not overpressured as it is pushed in. The borehole is then filled with a
bentonite-cement grout.

Embankments: The piezometer is embedded in sand and then covered with
hand-compacted select fill. Signal cables are routed though trenches and
covered with compacted fill. Bentonite water stops are placed at appropriate
locations. Readings become available when the surrounding soil becomes
saturated.

Advantages
High Resolution: VW piezometers provide a resolution of 0.025% of full scale.

High Accuracy: Slope Indicator's automated, precision calibration system
ensures that all VW piezometers meet or exceed their accuracy specifications.

Groutable: The VW piezometer can be installed without a sand filter or a
bentonite seal. This greatly simplifies same-hole installation of multiple
piezometers or piezometers with inclinometer casing.
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Rapid Response: VW piezometers offer rapid response to changes in pore
water pressure, whether they are grouted in, pushed into cohesive soils, or
embedded in a sand filter zone.

Reliable Signal Transmission: With properly shielded cable, signals from the
VW piezometer can be transmitted long distances.

Temperature Measurement: All VW piezometers are equipped with a
temperature sensor.

Inclinometers

Applications for Vertical Inclinometers

« Monitoring slopes and landslides to detect
zones of movement and establish whether
movement is constant, accelerating, or
responding to remedial measures.

« Monitoring diaphragm walls and sheet piles
to check that deflections are within design
limits, that struts and anchors are performing

as expected, and that adjacent buildings are
not affected by ground movements.

« Monitoring dams, dam abutments, and upstream slopes for movement
during and after impoundment.

« Monitoring the effects of tunneling operations to ensure that adjacent
structures are not damaged by ground movements.

Applications for horizontal inclinometers

« Providing settlement profiles of embankments, foundations, and other
structures.

« Monitoring deformation of the concrete face of a dam.

System Components
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1.

Inclinometer casing is installed in a borehole that passes through
suspected zones of movement. Inclinometer casing can also be
embedded in fill, buried in a trench, cast into concrete, or attached to a
structure. Important features include the diameter of the casing, the
coupling mechanism, groove precision and straightness, and the strength
of the casing.

A portable inclinometer probe or a fixed string of in-place sensors,
used to survey the casing. The first survey establishes the initial profile of
the casing. Subsequent surveys reveal changes in the profile of the
casing if movement has occurred.

The portable inclinometer probe is the standard device for surveying the
casing. It obtains a complete profile because it is drawn from the bottom
to the top of the casing. It is also economical, since it can be carried from
site to site.

In-place inclinometer sensors are ideal for data logging and real-time,
remote monitoring for critical applications such as construction control
and safety monitoring. The costs for an in-place system are greater
because the sensors are dedicated to a particular installation.

A spiral sensor provides readings that can be used to correct
inclinometer data obtained from spiraled casing. Spiral surveys are
recommended when the installation is very deep, when inclinometer
readings indicate movement in unlikely directions, or when difficulties
were experienced during installation.

A portable readout or a data logger, used to record the surveys. The
portable readout is used with the portable probe. Advance readouts store
readings in solid-state memory, eliminating pencil, paper, and
transcription errors, and transfer the data to a computer for processing.

A data logger is used with in-place sensors. It monitors continuously and
can trigger an alarm when it detects a change or rate of change that
exceeds a preset value.

Computer software for data reduction and graphing. Inclinometers
generate more data than do other types of sensors. A single survey may
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generate several hundred data points. Over time, tens of thousands of
data points are manipulated, reduced, graphed, and archived. Slope
Indicator's DigiPro software for Windows 95/98/NT and above is
designed to speed this process. You can download a trial version of the
program.

In-place inclinometer systems connected to data loggers generate even
more data. With such systems, near-real time processing is usually a
requirement. Slope Indicator can provide customized software, such as
Multimon, that shows location, reading, alarm status, and trend plots.

Total Pressure Cells
Applications

Total pressure cells measure the combined pressure
of effective stress and pore-water pressure. In
general, pressure cells are used to verify design
assumptions and to warn of soil pressures in excess
of those a structure is designed to withstand. Typical
applications include:

« Determining the distribution, magnitude, and
directions of total stresses in an embankment
or in the clay core of a dam.

« Confirm that tailings material is densifying at design rate.

« Estimate overburden pressure acting on foundation.

« Measure contact pressures in abutments and foundations.
+ Measure stress fields in shotcrete.

Types of Pressure Cells

Total Pressure Cell
This general purpose cell has a thickness to diameter ratio of 1:20 which helps
minimize inclusion effects. A pneumatic version of the cell is also available.
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Jackout Pressure Cell

This cell is designed for installation in cast-in-place structures, such as
diaphragm walls. Its name is derived from the use of a hydraulic jack that is
activated to keep the cell in contact with the soil during concreting.

VW Pressure Cells for Tunnels
These cells are designed to monitor radial and tangential stress in tunnel linings.
They are installed prior to shotcreting and pressurized after the shotcrete cures.

VW Stress Station
The stress station is designed for boreholes in soil or soft rock. Stress stations

are available with pressure cells oriented in one, two, or three axes.

Settlement Cells

Applications

Settlement cells are used to monitor settlement and
heave in soils. Typical applications include:

« Monitoring settlement or heave in
embankments and embankment foundations.

+ Monitoring subsidence due to tunneling and
mining.

« Monitoring consolidation under storage tanks.

« Monitoring settlement due to dewatering or
preloading.

« Monitoring settlement in marine fills.

Operation

A settlement cell consists of a liquid reservoir,
liquid-filled tubing, and the settlement cell,
which contains a pressure transducer. One
end of the tubing is connected to the
settlement cell, which is embedded in fill or
installed in a borehole. The other end of the
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tubing is connected to the reservoir, which is located away from the construction
area.

The transducer measures the pressure created by the column of liquid in the
tubing. As the transducer settles with the surrounding ground, the height of the
column is increased and the settlement cell measures higher pressure.
Settlement is calculated by converting the change in pressure to millimeters or
inches of liquid head.

Settlement cells are available with vibrating wire or pneumatic pressure
transducers. The vibrating wire version is easier to read, can be automated, and
provides a wider range. The pneumatic version is less expensive.

Advantages

The reservoir and readout station can be located away from the construction
area. The cell and tubing are buried and do not interfere with construction
activities.

The vibrating wire version can be automated.

Limitations

The system must be corrected for changes in temperature and barometric
pressure. Careful installation can minimize these effects.

Borehole Extensometers
Applications

Borehole extensometers are used to measure

movements of soil and rock along the the axis of a
borehole. A wide range of extensometers is _
available, each designed for a particular application.{
In general, typical applications include: .

« Monitoring settlement or heave in
excavations, foundations, dams, and
embankments.
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« Monitoring subsidence above mines, tunnels, and other underground
openings.

« Monitoring convergence in tunnel walls and other underground openings.
+ Monitoring movements in rock slides, walls, and abutments.
+ Monitoring consolidation of soil under embankments and surcharges.
« Monitoring compression of pile and soil under pile.
Types of Extensometers

Borros Anchor Settlement Point

The settlement point is used to monitor settlement of soil under an embankment.
It consists of an anchor and and two concentric riser pipes that are extended up
through the embankment. Measurements are made with a graduated tape and
optical survey.

Advantages: Simple to install and inexpensive.

Limitations: Provides only measure of total settlement; requires a man on site;
extensions to pipe must be recorded carefully; top of pipe must be surveyed;
anchor works best in soft clays, vertical installation only.

Increx Mobile Extensometer

The Increx mobile extensometer is used in rock or stiff soils for high-resolution
measurements of deformation along the axis of the borehole. It consists of a
number of brass rings that are positioned at one-meter intervals along
inclinometer casing, and a probe and readout that are used to measure the
distance between rings.

Advantages: Provides high-resolution measurements at one meter intervals,
can be operated in any orientation, supplements inclinometer measurements.

Limitations: Requires a skilled man on site; cannot be monitored remotely.

Magnet Extensometer

The magnet extensometer consists of a series of magnets that are installed with
an access pipe. The magnets are anchored at specified depths. Measurements
are taken by lowering a probe through the access pipe to detect the depth of the
magnets.
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Advantages: Can monitor large settlements; works with inclinometer casing
and can supplement inclinometer data, relatively easy to operate, indicates
incremental settlements.

Limitations: Requires a skilled man on site; not easily automated, difficult to
install more than 15 or 20 magnets, vertical installation only.

Settlement Hook

The Settlement hook is used to monitor settlement in telescoping inclinometer
casing. Measurements are taken by lowering the hook device through the
casing. The hook is catches on the telescoping joints and a depth reading is
obtained from a steel tape.

Advantages: Works with inclinometer casing, nothing extra to install. The
USBR-type settlement hook is easy to use and delivers reliable readings.

Limitations: Works only with telescoping casing. The inexpensive settlement
hook requires a skilled operator.

Sondex

The Sondex system consists of a series of rings attached to a flexible
corrugated pipe. Measurements are lowering a probe through an inner access
pipe to detect the position of the rings.

Advantages: Can monitor large settlements; works with inclinometer casing
and can supplement inclinometer data, indicates incremental settlements, no
limitation on number of measured rings.

Limitations: Requires a skilled man on site; cannot be automated, vertical
installation only.

Rod Extensometer

The rod extensometer consists of anchors set at specified depths, rods inside
protective tubing, and a reference head. Measurements are taken at the
reference head by micrometer or by an electric sensor.

Advantages: Can be automated, can be read remotely, works in any
orientation.

Limitations: Limited measurement range (50 to 100 mm).
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Soil Strainmeter

Applications

Typical applications include:

« Monitoring horizontal strain in [ g :m
embankment dams. £ = — -

*;Il E
« Monitoring tension cracks in earth 5‘-5
—— SinguSenoor Houbing
structures. e
Operation

The soil strainmeter employs a potentiometer and a rod mounted between two
anchors to monitor horizontal movements of the surrounding soil. These
components are linked together so that movement of one anchor relative to the
other causes a change in the output of the potentiometer. The initial reading of
the strainmeter is used as a datum. Subsequent readings are compared to the
datum to calculate the magnitude, rate, and acceleration of movement.

Strainmeters are usually installed in series along the axis of anticipated
deformation. Strainmeters may also be arranged in arrays or in groups with
different alignments. A gauge length of 3 to 6 meters is typical, but will vary
according to the expected magnitude of movement and the type of structure
being monitored.

The strainmeter is available in two versions. The double-sensor version is
equipped with two potentiometers mounted back-to-back to provide cable
savings. The single-sensor version is used with odd number series or when only
one gauge length is required.

Advantages

Easy Installation: The strainmeter is designed for easy assembly, easy
extension of gauge lengths, and easy adjustment.

Reduced Cable Costs: The double-sensor version provides cable economies
since a single length of cable can serve two sensors and two gauge lengths.

Manual or Automatic Readout: Strainmeters can be read manually with a
portable indicator or can be connected to a data logger for unattended readings.
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Jointmeters

Introduction | VW Jointmeter for Mass Concrete | VW Crackmeter | VW 1-D and 3-D Submersible Jointmeter

Applications

Jointmeters are used to monitor movement at
joints and cracks in concrete and rock.

« Monitoring joints for unexpected
movement to provide early warning of
performance problems

« Monitor joints and cracks in structures
that may be affected by nearby
construction activities.

« Monitor cracks in structures that have
experienced seismic activity.

Types of Jointmeters

VW Jointmeter for Mass Concrete
The mass-concrete jointmeter is used to monitor movement at joints in
mass-concrete structures such as abutments, foundations, and dams.

VW Crackmeter
The VW crackmeter is used to monitor movement at joints and cracks in
concrete structures or rock.

VW 1-D and 3-D Submersible Jointmeter
The submersible jointmeter is used to monitor movement at joints and cracks
and is designed to withstand harsh environments and extended submersion.

Water Level Indicators

Applications

The water level indicator is used to measure water levels in standpipes and
wells.

Operation
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The water level indicator consists of a probe, a
graduated cable or tape, and a cable reel with
built-in electronics. The probe is lowered down
the standpipe until a light and buzzer indicate
contact with water. Depth-to-water measurement
is read from cable or tape.

WLI with Cable

« 1/100' cable markings on polyurethane
cable jacket provide convenience and accuracy.

« Small diameter, round cable minimizes friction on casing walls.

« 3/8" probe fits small diameter pipes. When not in use, probe clips to
cable reel.

« Bright LED and piezo-electric beeper signal contact with water.

« Low power circuits provide long battery life. Indicator shuts off power
automatically after 10 minutes.

« Durable reel features 1/8" aluminum walls and bronze bearings. Compact
six-inch reel has a handle. Larger reels have stand.

WLI with Tape
+ Easy-to-read tape is available with either 1/100' or 1 mm graduations.
« Tefzel tape jacket is impervious to contaminants.

« 5/8" stainless steel probe fits easily in standard 2-inch monitoring wells.
When not in use, probe is secured in built-in holder.

« Sensitivity adjustment provides consistent results and eliminates false
triggering in different well and water conditions.

« Low power circuits provide long battery life. Indicator uses power only
when probe is in contact with water. A battery test button is provided.

« Heavy-duty reel is constructed of 1/8" aluminum plate for years of hard
use. Nine and eleven-inch reels are available. Both are mounted on
stands.
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