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DESCRIPTION

[0001] The invention of this application relates to a pile sensing device. More particularly, the
Invention of this application relates to a disposable sensing system that can be cast directly into
or mounted thereon a pile or other structural object.

[0002] McVay et al. - No. 6,533,502 discloses a wireless apparatus and method for analysis of
piles. In addition, Mullins et al. - No. 6,783,273 discloses a method for testing integrity of
concrete shafts. Piscsalko et al. - No. 6,301,551 discloses a remote pile driving analyzer. Likins
Jr. et al. - No. 5,978,749 discloses a pile installation recording system.

BACKGROUND OF THE INVENTION

[0003] Applicant has found that the invention of this application works particularly well with the
Installation and monitoring of piles wherein this reference I1s being used throughout this
application. However, this application 1s not to be limited to piles wherein reference to piles In
this application 1s not to limit the scope of this application.

[0004] Sensing apparatuses have been used In the building industry for a number of years.
These sensing apparatuses include a wide range of devices used for a wide range of reasons
In the field. This includes sensing devices that are used in connection with the installation and
use of supporting structures such as piles that are used to support the weight of
superstructures such as supporting the weight of buildings and bridges. As can be appreciated,
it 1Is important to both ensure that a supporting structure, such as a pile, has been properly
Installed and that it is in proper condition throughout its use In the field.

[0005] With respect to the installation of piles, it is important that these structures be properly
constructed so that the pile can support the weight of a building or superstructure. Thus, over
the years, systems have been designed to work in connection with the installation of a pile to
ensure that this pile meets the building requirements for the structure. This includes sensing
devices that work in connection with the driving of a pile as is shown In Piscsalko et al., No.
6,301,551. Again, the Piscsalko patent is incorporated by reference herein as background
material relating to the sensing and driving of structural piles. These devices help the workers
driving these piles to determine that the pile has been properly driven within the soil without
over stressing the pile during the driving process.

[0006] Similarly, devices are known which are used to monitor the pile after it is driven. This
Includes the Piscsalko patent which includes devices that can be used to monitor the pile even
after the driving process. Further, Mcvay, et al., No. 6,533,502 also discloses a device used to
monitor a pile after the driving process is completed. The information produced by the systems
can be used to determine the current state of the pile and for determining damage that may or
may not have incurred In response to any one of a number of events including natural
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disasters.

[0007] However, these devices do not fully work in connection with a drilled and poured pile
wherein the pouring of the pile and the quality of this pouring can determine the structural
Integrity of the pile once the poured material has cured. Mullins, et al., No. 6,783,273 attempts
to overcome the shortcomings in the prior art by disclosing a method for testing the integrity of
concrete shafts or piles. However, the device disclosed in Mullins has been found to be
Ineffective and to be costly to operate wherein there are still shortcomings in the art for the
monitoring of the curing process of a poured pile and to ensure that the poured pile 1s free of
Inclusions.

[0008] GB2191292A discloses a measuring equipment for monitoring the "maturity” of a
cement body as it i1s cured (solidified). "Maturity” 1s a well-known technical term to indicate the
reading of a few temperatures of a solidifying cement. D1 measures "inside"” the solidifying
cement for better accuracy. The measurements are preformed with "sacrificial” (i.e. lost) and
therefore cheap temperature sensors. Said cheap sensors are conventional diodes, whose
voltage drop Is linear with temperature. A calibration of each diode I1s necessary, since every
diode has a different calibration curve. Each diode Is connected Iindependently by two
Individual wires to the equipment. Each diode i1s then read at a different time.

[0009] EP2083254A1 discloses an integrated temperature sensor with wireless transponders
Incorporated in the sensor.

SUMMARY OF THE INVENTION

[0010] The Iinvention of this application relates to pile sensors and, more particularly, to a
sensing system that can be embedded Iinto a pile and which can sense different physical

characteristics of the pile either during the formation of the pile or subsequent to the formation
of the pile.

[0011] More particularly, according to the present invention, one aspect of the present
iInvention 1s a system to monitor the pouring and/or curing of a poured pile by including sensors
positioned within the cavity that is to be poured.

[0012] More particularly, in the present invention, the sensors can be a plurality of sensors
strung to a wired system wherein the wire system extends through the cavity to be poured.
However, it should be noted that the use of the term "wire"” throughout this application is not to
be IImited to a metal based stranded wire. The wired system can be any communication link
and/or conductor known In the art and that will be known In the art in the future including, but
not limited to, a single pliable metallic strand or rod, multiple pliable metallic strands or rods,
fiber optics, and/or wireless systems.

[0013] According to the Invention of this application, this wire system can include temperature
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sensors joined to the wire wherein the pile 1s poured around the wire sensors and the
temperature sensors on the wire can monitor the temperature of the poured pile. This poured
material can include, but i1s not limited to cement, concrete, grout and/or other pourable
materials and the temperature sensors can be utilized to monitor the changing temperatures of
this poured material during the curing or solidification process.

[0014] According to the Invention of this application, this temperature sensing data can be fed
INto a computer system to obtain a schematic or matrix interpretation of the curing process to
determine the integrity of the pile.

[0015] According to yet other aspects of the present invention, the string sensor arrangement
can include other sensing devices beyond the temperature sensors which can be utilized to
monitor other physical characteristics of the pile either during or after the pouring process.

[0016] According to the Iinvention, provided is a system for monitoring a formed solid object
which Is produced by introducing a material into a forming structure and solidifying the material
In the forming structure Into the formed solid object by a curing process, the formed solid
object having a first extent and an opposite second extent, A system for monitoring a formed
solid object which Is produced by introducing a material into a forming structure and solidifying
the material in the forming structure into the formed solid object by a curing process wherein
the formed solid object has a first extent and an opposite second extent. The system having a
sensor string positionable In the forming structure before the curing process and having a
communication line extending along a string axis between a first end and a second end of the
line. The string further including a plurality of sensors joined to the communication line between
the first end and the second end and each sensor being mounted at a set position on the line.
Each sensor having a sensor body and a sensor housing and the sensor body including an
electrical connecter to electrically join an electrical structure to the communication line at the
set position. The electrical structure including a temperature sensor configured to monitor the
real time temperature of the material near the set position and further including an electronic
iIdentification code corresponding to the set position of the sensor along the axis. The sensor
further including a transmitting device for selectively communicating the real time temperature
and the identification code to the communication line.

[0017] According to the invention, provided is a sensor string for the system for monitoring the
formed solid object. The sensor string being positionable in a forming structure before the
curing process of the non-solid material and having a communication line formed by an electric
conductor having at least one wire surrounded by a wire jacket extending along a string axis
between a first end and a second end. The first end having at least one lead for forming an
electrical connection. The string further Including a plurality of sensors joined to the
communication line between the first end and the second end and each sensor being mounted
to the electrical conductor at a set position along the communication line. The sensors further
Including a sensor body and a sensor housing and the sensor body having an electrical
connecter to electrically join an electrical structure to the electrical conductor at the set
position. The electrical structure including a temperature sensor configured to monitor the real
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time temperature of the material near the set position, the electrical structure further including
an electronic identification code corresponding to the set position of the sensor along the axis

and a transmitting device for selectively communicating the real time temperature and the
iIdentification code to the communication line.

[0018] According to the invention, provided i1s a method of forming a structural object that Is
formed by introducing a curable material into a cavity and the curable material solidifying in the
cavity to form an in place structural object, the method comprising the steps of:

Providing a forming structure having a first extent and an opposite second extent wherein the
forming structure extends along a structure axis between the first and second extents;

Providing a system for monitoring comprising at least one sensor string having a
communication line extending along a string axis between a first end and a second end and a
plurality of sensors joined to the communication line between the first end and the second end.
Each sensor of the plurality of sensors being mounted at a set position along the
communication line between the first end and the second end and including a sensor body and
a sensor housing. The sensor body including an electrical connecter to electrically join an
electrical structure to the communication line at the set position along the string axis and the
electrical structure Including a temperature sensor configured to monitor the real time
temperature near the set position. The electrical structure further including an identification
code corresponding to the set position of the sensor along the axis and a transmitting device
for selectively communicating the real time temperature and the identification code to the
communication line;

Positioning the at least one string in the forming structure wherein the first end is near the first
extent and at least a portion of the string axis extends toward the second extent;

Pouring the curable material into the forming structure whereby the string is at least partially
encapsulated by the curable material;

Monitoring the temperature of the plurality of sensors after the pouring step at least at specific
Intervals;

Associating the real time temperature of the plurality of sensors with the each sensor and with
the position of the each sensor;

Combining the associated temperature and position of the plurality of sensors; and/or,

Determining the at least one condition of the poured structure.

[0019] These and other objects and advantages will become apparent from the following
description taken together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



DK/EP 2537012 T3

[0020]
FIG. 1 1s a sectional view of a drilled pile which includes the sensing device of this application;

FIG. 2 Is a sectional view of a drilled pile showing yet another embodiment of the invention of
this application;

FIGS. 3A s a sectional view taken along line 3-3 In FIG. 2 and shows other embodiment of the
iInvention of this application;

FIGS. 3B Is another sectional view taken along line 3-3 In FIG. 2 and shows a further
embodiment of the invention of this application;

FIGS. 3C I1s a further sectional view taken along line 3-3 In FIG. 2 and shows yet a further
embodiment of the invention of this application;

FIGS. 3D is yet another sectional view taken along line 3-3 In FIG. 2 and shows yet another
embodiment of the invention of this application;

FIG. 4 1s an enlarged, partially sectioned view of a sensor taken from FIG. 1;

FIG. 5 Is a perspective view of a portion of a superstructure showing certain applications of the
devices of this application;

FIG. 6 Is a perspective view of the roadway deck taken from FIG. 5; and,

FIG. 7 I1s a sectional view of a pouring operation according to yet another aspect of the present
iInvention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0021] Referring now to the drawings wherein the showings are for the purpose of illustrating
preferred and alternative embodiments of the invention only and not for the purpose of limiting
the same, FIGS. 1 and 4 show a system 10 which Is utilized to measure a one or more
characteristics of a pile P during and/or after the pouring process. More particularly, shown In
this embodiment Is the system with a first sensor string 20 and a second sensor string 22 for
measuring the temperature changes and/or other factors in the pile during and/or after the pile
has been poured. As will be discussed In greater detall below, any number of sensors strings
can be used In system 10 and these can be used for both the curing process and/or after the
curing process.

[0022] In this respect, and as I1s known In the art, a pile can be made by many different
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techniques. One of these techniques is to pour concrete and/or grout into a pile cavity 26 which
will be generally referred to as the forming structure in that this application can be used for
structures well beyond drilled and poured pile structures. However, this poured material can be
any poured material to form the support structure without detracting from the invention of this
application. This cavity can be produced by any means known in the art including, but not
limited to, a drill process to form this hole in a ground layer 30. This cavity has an opening 32
INn a surface 34 of the ground layer. This opening can represent an upper or first extent 40 of
cavity 26. Cavity, In this arrangement, extends downwardly to a second or bottom extent 42
and Includes side wall(s) 44 extending between the upper and lower extents along a cavity axis
48. Further, this system can be used In connection with any technique including, but not limited
to Auger Cast In Place (A.C.I.P.), Drilled Shaft poured dry or under slurry (D.S.), Drilled
Displacement pile (D.D.) and/or Continuous Flight Auger (C.F.A.).

[0023] Pile cavity 26 can further include a reinforcing structures including, but not limited to, a
rebar cage 50 having vertical sections 52 and horizontal sections 54 joined to one another by
ties or connectors 58. This structural framework can be positioned throughout the pile cavity
and take any form without detracting from the invention of this application. The strings can be
joined or supported by the rebar cage or can be supported by a separate structure configured
only to support the string and which 1s separate from any reinforcing cage structure in the
support structure.

[0024] Again, the sensor strings can be any number of sensor strings and can extend
longitudinally down into the pile cavity parallel to cavity axis 48 or in other embodiments In
other orientations such as horizontal orientations for road or bridge structures which will be
discussed In greater detall below. Shown is a two string arrangement including strings 20 and
22. Each of these strings extends longitudinally into the pile cavity and can be secured to the
rebar to maintain a desired position of these strings before the concrete iIs poured Into the
cavity.

[0025] Each of these strings extends between a first end 60 and a second end 62 along a
string axis 64 which can be parallel to cavity axis 48. In one embodiment, first end 60 can be a
transmission end and second end 62 can be a base end near or at the bottom of the cavity.
However, the second or base end or ends do not need to be in alignment and these strings do
not need to be parallel even though this may be preferred to maximize the accuracy of the
system which will be discussed in greater detail below.

[0026] Between the ends is a plurality of sensors 70 that are each positioned at a set position
along axis 64 wherein these set points are spaced designated intervals along the string line.
This spacing can be any desired spacing. In one embodiment, this spacing can be uniform. In
another embodiment, the spacing can be approximately six inches. In other embodiments,
these sensors can be spaced approximately twelve inches from one another. In yet other
embodiments, these sensors can be differently spaced for each string. Again, there are a wide
range of spacings that could be used for the invention of this application. Sensor 70 are each
joined to one another and supported by a support and/or communication line 74 which can
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substantially form strings 20, 22 wherein the sensors can be fully supported by line 74 which
will also be discussed Iin greater detall below.

[0027] Line 74 can be formed by any method known In the art to support and/or communicate
data. As can be appreciated, a support line can take many forms. Similarly, line 74 utilized as a
communication line can take many forms and can be any data capable line known In the art
Including, but not Iimited to, a single pliable metallic strand or rod, multiple pliable metallic
strands or rods and/or fiber optics that are covered and/or coated as Is needed. Further,
regardless of whether line 74 1s a support or communication line, a wireless network could be
utilized to transmit data in full or in part wherein in one set of embodiments, line 74 could even
be a power feed for the systems of this application. In the Interest of brevity, these will be
generally referred to as wires. In one embodiment, line 74 Is an electric conductor 80 having
two wires 82 and 84 grouped together in a jacket 86. Any electrical conductor, cable or wire
can be used for conductor 80 without detracting from the invention of this application. In one
embodiment, wires 82 and 84 can be standard 18 gauge wire. In other embodiments, one wire
can be used and in others more than two wires can be used. However, sensors 70 are joined
to conductor 80 such that the sensor stay fixed relative to the conductor at a set location along
the string axis. In one embodiment, sensors 70 include an electrical connector 90 that i1s a clip
style connector; however, any electrical connector could be used without detracting from the
Invention of this application. This clip can be a simple locking clip that has a first barb 92 and a
second barb 94 wherein barb 92 Is configured to pierce jacket 86 of wire 82 to form an
electrical connection with wire 82. Similarly barb 94 can be configured to pierce jacket 86 of
wire 84 to form an electrical connection with wire 84. Connector 90 can further include a
locking arrangement 96 that can maintain a desired locking fit between the barbs and the
respective wire to maintain the electrical connection therebetween. In this embodiment, the
wire can function as the "string"” and fully support the sensors of system within the wire cavity at
their respective set point. As can be appreciated, this system can be inexpensive to produce
and can allow for a significant amount of temperature sensors to be positioned within the pile
cavity. Further, in that multiple sensors can be used, these sensors can be accurately fixed at
set positions wherein temperature reading for each sensor can be accurately associated with a
particular location within the pile and to help produce a three dimensional temperature matrix
which will be discussed in greater detail below.

[0028] In yet another embodiment, one or more sensors 70 can Include a strain relief 98 to
lessen the stress put on the connection between the sensor and the line. As can be
appreciated, the pouring process can stress this connection wherein strain relief can redirect
this stress away from the electrical connection.

[0029] In even yet other embodiments of this application, the sensors can be joined or molded
Into the communication line wherein both the line and the sensor are jacketed by the same
cable jacket (or secondary layer) thereby further protecting the sensor, increasing rigidity and
lowering manufacturing costs. In this embodiment and others, this can include using solder
joints between the sensor and the line or other joining techniques appropriate for the
technology used for the communication line which are known in the art.
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[0030] The remaining strings can have a similar configuration and, therefore, will not be
discussed In detaill herein In the interest of brevity. In addition, virtually any pattern of sensor
arrangement could be used to obtain any desired internal schematic or matrix representation
of the curing process for the concrete.

[0031] Sensor 70 can be formed by any method known in the art including, but not limited to,
by Including a sensor body 100 that i1s supported by clip 90 on wire 80 and this body can be an
electronics board. Sensor 70 further includes an electrical structure 102 that provides the
Internal communication within sensor 70 between any devices that can be present in sensor
70. As can be appreciated, this can include any sensing device known In the industry including
future sensing equipment that becomes known In the art. In this respect, sensor 70 can include
a temperature measuring device 110 and can include one or more devices 111 for measuring
pressure, sound, acceleration, vibration, resistivity, strain, capacitance, moisture, and/or
chemicals. Sensor 70 can further include a memory store 112 that can store data, commands,
position, and/or calibration data. Sensor 70 can further include a transmitting device 114 that
can be a transmitter, receiver and/or a transceiver (wired - shown or wireless) which can be
used to communicate data obtained by sensor /0 which will be discussed In greater detall
below. Sensor 70 can further include an electronic identification code 120 corresponding to the
set position of the sensor along the string axis so that information communicated by sensor 70
can be positioned within the cavity which allows for the creation of a detalled schematic
representation of the data points within the cavity. As can be appreciated, FIG. 4 1s only
Intended to be a schematic representation of the sensor which can be made in a wide range of
forms and wherein components could be combined such as code 120 being part of memory
store 112. Further, identification code 120 can be a unique address for each of the sensors.

[0032] Sensor 70 can further include a sensor housing 122 that partially or completely
encapsulate sensor /0 and protect some or all electronics from the poured material in the pile
cavity. This housing can be any housing known In the art including, but not limited to, a potting
material, conformal coating and/or an applied polymeric coating. Further, as discussed above,
this can include molding the sensor into the line. In another embodiment, the housing can be a
clam shell housing configured to partially or fully encapsulate the electronics. Further, the
housing can be a brushed on, spayed on or dipped on. Yet even further, this housing can be a
partial housing wherein only the connection with the line Is coated.

[0033] Sensors 70 can be then configured to monitor a set parameter such as temperature
and temperature changes to allow the curing process to be accurately monitored and to
ensure the proper curing of the poured material. The sensors can also be used to detect
abnormalities within the poured structure based on differences In the readings of the sensors.
This can be done by watching real time temperatures of each sensor and/or by compiling this
Information which will also be discussed In greater detail below.

[0034] As discussed above, the identification code or unique address of each sensor can be
transmitted by way of electrical conductor 80 to allow for the determination of the exact position
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of the particular sensor so that its temperature reading can be oriented to a specific location
within the pile cavity and a three dimensional schematic or matrix can be created. By including
a sensor identification code, the information from the many sensors within the pile cavity can
be located and itemized to obtain a clear three dimensional schematic picture of the
temperature variations within the poured pile during the curing of the poured material. This
Information can be provided to a local engineer or even to an engineer at remote locations
such that the detailed three dimensional schematics of multiple pouring can all be monitored at
once at a single remote location. As can be appreciated, this information can also be fed into a
computing device which can provide a three dimensional schematic diagrams of the curing
process on a real time basis and all changes in temperature during the curing of the pile can
be graphed and/or fed into computing system that can calculate or grade the integrity of the
poured pile. As I1Is known In the art, temperature abnormalities can be a sign of defects within
the poured pile which can be factored into these calculations.

[0035] By utilizing inexpensive sensors attached to a hanging wire, a large number of sensors
can be positioned in an array within the pile cavity. This array of sensors can provide detailed
Information not before possible with prior art devices. Further, since the sensors are fixed at a
given location, human error i1s minimized. Yet even further, since the temperature sensors of
sensor /0 are In direct contact with the concrete, greater accuracy Is achieved. Further,
triangulation technigues can be used to help create three dimensional schematic images of the
curing data which again can be fed into a computing device to produce valuable information for
determining the integrity of the entire poured pile.

[0036] In that each sensor has an identification associated with it and each sensor iIs
positioned at a set position on the sensing string, If the string 1s positioned accurately within the
pile cavity, an accurate representation of temperature changes and/or current temperatures of
the entire pile can be calculated. Further, by including the wire string arrangement of the
device of this application, additional temperature sensors can be positioned within the pile
wherein the overall result iIs a more accurate three dimensional matrix of the temperature of
the pile during the curing process. This Is true In that each temperature string iIs much less
expensive than the prior art temperature sensing devices and that these temperature sensing
strings do not include an opened cavity as Is necessary for prior art devices. This Is In part
obtainable In view of the low cost configuration of this sensing apparatus wherein it can be a
disposable apparatus. However, as can be appreciated, in certain applications the temperature
strings could be reused and/or reusable.

[0037] In yet other embodiments, strings 20, 22 can be joined to the rebar structure 50 by one
or more clips 130 to better fix the set position of each sensor within the cavity and to reduce
any movement of the string within the cavity during pouring. This again can be used to
Increase the accuracy of the temperature matrix or schematic that can be produced by the
system.

[0038] Once the temperature strings are positioned within the pile cavity, they can be joined to
an operating system or computing device 150 wherein temperature readings can be taken at
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any time and these temperature readings can be controlled electronically without human
Intervention. In this respect, once the system is set up for monitoring the pouring of the pile,
the computer system can communicate with sensors 70 by way of transceiver 114 to read the
temperature data at any time or at set intervals which can be used to create a three
dimensional array or schematic of the pouring and/or curing temperatures of the pile in a real
time manner, continuously and/or during set intervals. Then, once the pile i1s substantially
cured, which takes approximately 18-30 hours, this data can be retrieved from a data store In
device 150 or from data store 112 to evaluate the poured structure. This information can be
reviewed locally or transmitted by a transceiver arrangement 152 to remote locations and
reviewed. Further, real time review can be achieved either onsite or at a remote location If the
data Is transmitted from the site to the offsite location. This can include the use of transceivers
within the sensing device and/or the onsite computer and computer data stored. Sensors 70
can communicate with device 150 wirelessly or by one or more sets of communication lines
160 and 162 that can be supported above the pile hole by a support 164.

[0039] With reference to FIGS. 2 and 3A - 3D, the invention of this application can include
string arrays of many forms. In this respect, any number of sensor strings can be utilized within
system 10 to monitor a poured cavity according to aspects of this invention. Figures 3A - 3D
are examples of several such arrangements, but are not intended to show all possible
arrangements. As can be appreciated, the increase in the number of sensor strings 21 utilized
within system 10 can provide a more accurate schematic matrix of the characteristic that is to
be monitored by system 10. All of these strings can be joined to a similar operating system 150
or can be connected to separate operating systems as 1s desired. Further, each string and/or
sensor could have an operating system without detracting from the invention of this application.
In addition, one or more sensor strings can have different spacings between the sensors
without detracting from the invention of this application.

[0040] In yet other embodiments, one or more sensor strings can have more than one sensor
arrangement such that, for example only, every other sensor includes a temperature sensor
while the other sensors within the string include a one of the other sensors referenced above.
While this may reduce the resolution of the matrix, separate parameters can be monitored
separately. Shown In FIG. 2 Is a sensor arrangement 170 having sensor strings 21A-21D.
Sensor string 21A includes only sensor 70 having temperature sensors only while string 21B
Includes both sensors 70 and sensor 70A wherein sensor 70A have on or more of these other
sensors. String 21C shows sensors at different spacings which, again, can be used to adjust
the matrix produced by the system. String 21D includes both sensors 70 and sensor 70A
wherein sensor /0A Is at a different location within the cavity.

[0041] With reference to FIGS. 5 and 6, shown are examples of yet other uses of the invention
of this application. In this respect, shown Is the use of the device of this application to monitor
some or all portions of structures and/or superstructures even after the construction phase. In
this respect, as Is discussed In greater detail above, the strings of this application can form a
permanent part of the poured structure in that the cured material 1s poured directly onto the
string array of the sensors of this application wherein they are permanently cast into the pile or
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support structure. This not only provides a cost savings and an accuracy improvement as Is
discussed above, but it can also be utilized to monitor the structure even after the construction
IS completed. In this respect, the sensing devices and the operating system can be operated
after the completion to continually monitor physical characteristics such as temperature
changes to allow for defect determination during the operation of the structure or for any other
reason.

[0042] Shown Is a perspective view of a roadway structure having one or more sensing
systems according to certain aspects of this application embedded into multiple components of
this superstructure. More particularly, bridge structure 200 includes a pile 202, a road deck
204, and a side abutment 206. Each of these components can include one or more sensor
strings 21 which can be both utilized during the pouring process of these structures and even
after the completion of the roadway.

[0043] Temperature changes can be a sign of an abnormality within these structures during
the pouring process and after the structure i1s fully cured. With respect to pile 202, an
abnormality 210 1s shown on a side portion 212 of the pile. Sensor string 21A runs through this
abnormality and can be used to help detect the abnormality so the work crew can evaluate and
fix the abnormality before the damage is too severe. |In this respect, sensor 7/0A and 70B are
within abnormality 210 and sensor /0C Is adjacent thereto. In that sensors 70A and 70B are
more exposed to the environmental elements, they can register a greater temperature
changes than sensor /0C. This information can be stored short term or long term and/or can
be transferred by way of a removable memory store, an information output (such as by way of

a USB port or wirelessly. Or, this information can be communicated by way of a transceiver 216
to a remote monitoring station which can then use this information to determine whether or not
there Is a chance of an abnormality or defect within this structure. Then, once it Is determined
that there Is a defect or abnormality within the pile structure is likely, a service crew can be sent
to review the structure and to confirm whether or not work needs to be done. This can be used
to more efficiently dispatch work crews to possible structural problems. In yet other
embodiments, the system and/or a monitoring station can produce a signal that can be
detected by a passing road working vehicle to signal the road crew to stop and check for a
possible abnormality.

[0044] Similarly, side structure 206 can Include sensor strings 21B and 21C joined to a
transceiver 220 wherein a defect shown as a crack 222 can produce a temperature deviation
In sensor /0D as opposed to adjacent sensors within this structure. Again, the data can be
monitored over a period of time to determine whether or not further action is needed to fix this
structure.

[0045] The same Is true for roadway 204 which, In this drawing, Iincludes a crack 230 and a
pothole 232 which passes near certain sensors. Crack 230 passes near sensor /0E of string
21D wherein sensor /0E can detect temperature changes greater than an adjacent sensor
/0F such that a monitoring station and/or system can determine with a reasonable amount of
certainty that further action i1s needed and a work crew needs to be sent out to the particular
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location. By including these monitoring arrangements, work crews can be dispatched more
efficiently based on real time information produced from the system.

[0046] Similarly, road surface conditions can also be monitored. For example, the sensors can
be used to help detect a pothole 232 which Is near sensor 7/0G. Again, temperatures changes
of sensor /0G can be compared to temperature changes of adjacent sensor 7/0H to help
determine that there Is a possible defect in the road surface. In yet other embodiments, this
could be use to detect road condition such as icing conditions In the winter.

[0047] In yet other embodiments, the system could use an energy harvester 240 which can be
any energy harvester now known in the art or known in the future art which includes, but i1s not
imited to, a solar power system and a device that produces power by use of vibration. The
energy harvester can be used to produce the necessary power needed to operate the system.
This can be helpful for remote applications that do not have an power source. Further, the
system to could operate wherein information is only transmitted at set intervals to further
conserve energy usage.

[0048] With reference to FIG. 7 shown Is the pouring of a cast pile which represents one set of
embodiments of the invention of this application. More particularly, shown is sensing system 10
of this application utilized during the pouring or filling of the pile cavity. In this respect, the filling
of a pile cavity can be a difficult procedure In that a slurry 300 is often pumped into pile cavity
26 to maintain the integrity of cavity walls 44 before and during the pouring of the concrete into
the cavity.

[0049] More particularly, shown Is a pouring process wherein a concrete 302 1s being pumped
Into cavity 26 by way of a fill tube 310 that is positioned in the cavity such that concrete 302 is
pumped or poured through tube 310 starting near bottom 42 of the cavity. This process forces
slurry 300 upwardly and out of top 32 of cavity 26. As a result, slurry 300 i1s forced upwardly
within the cavity as the concrete is pumped into the bottom portion of the cavity. As a top extent
or level 314 of concrete 302 rises in the cavity, fill tube 310 must be pulled upwardly from the
bottom of the cavity such that a bottom 316 of fill tube 310 remains Iin close proximity to extent
314 between concrete 302 and slurry 300. However, removing the fill tube too quickly such that
end 316 moves above extent 314 into the slurry 300 can create imperfections in the poured
pile. On the other hand, keeping the fill tube too deep within the concrete portion below extent
314 prevents the concrete from flowing out of the tube and puts undue strain on the concrete
pumping equipment.

[0050] As a result, there is a need to monitor this process and maintain the opening of the fill
tube as close as possible to extent 314 but below extent 314. Prior art filling techniques include
monitoring the volume of concrete being pumped into the pile cavity and using this information
to determine the rate in which the fill tube Is to be withdrawn from the hole. In that removing
the fill tube too quickly can produce pile imperfections, error is always on the side of keeping
the fill tube too deep within the hole which adversely affects the efficiency of the process and
reduces the expected service life of the equipment.
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[0051] By utilizing the sensing system according to the invention of this application, the dividing
ine between the concrete and the slurry can be accurately detected by changes In
temperature at each sensor 70. This accuracy can be achieved in that these sensors are all at
a known location within the pile cavity. As line passes by a sensor, it will begin to show a
temperature increase produced by the curing of the concrete. This Iinformation can be
communicated to the operators of the filing operations wherein this filing line can be

accurately monitored and can be the basis of the rate of withdrawal of fill tube 310 from cavity
26.

[0052] In one embodiment, the sensors are strung every six inches on the sensing strings and
the sensing device can be activated during the pouring process. The data produced by these
sensors can be communicated by way of communication lines 80A-80D of strings 21A-21D to
an operating system or display wherein the operators in charge of the filling operation can
have real time iInformation on the changing level of extent 314 within the cavity. This
Information can then be used to withdraw the fill tube and to maintain the opening of the fill
tube at a desired location beneath the slurry/concrete dividing line. In another embodiment,
this iInformation can be sent directly to an operating system of the filling operation such that the
filling tube 1s automatically controlled based on the information received from the sensors.

[0053] Then, once the pouring process Is completed, the sensing strings can remain in place
and can be used to monitor the curing process as Is described above. As a result, the sensors
according to the invention of this application both help in the pouring process and, then, help
determine the integrity of the pile after the process is complete. Yet even further, the sensors
can be utilized for other sensing applications after the pile has been cured In that the sensors
remain within the pile. This information can be utilized to ensure that the proper pouring has
been achieved and that the proper mix of concrete was poured.

[0054] In one embodiment, the system can be used to determine when the pile has cured to a
desired state to help accelerate the construction process. In that loading a pile prematurely can
damage the structural integrity of the pile, work crews typically wait a full 28 days before any
load Is applied to the pile. This 28 day period is based on industry data that poured materials,
such as concrete and grout, will be cured in 28 days. However, In that it was previously difficult
to determine the point In which a pile has actually reached a "fully cured” condition, a
significant safety factor is present in this 28 day cure cycle and the pile actually may reach a
"full cure” well before the 28 days. Thus, time can be lost to ensure that the pile is properly
cured. The system of this application can be used to determine when the pile has reached an
"Inttial cure” which normally takes approximately 18-30 hours. Then, the system can remain
active to determine when the pile or structural member is "fully cured” so that the construction
crew IS not forced to wait the entire 28 days. In many situations, the poured material can be
"fully cured” well before the 28 days and this information can be used to shorten the delay
between pouring the pile and applying a load to the pile. With road applications, this
Information can shorten the delay between pouring a road surface and allowing vehicles to
drive on this road surface. As can be appreciated, this information can be used In any
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application to determine the point of reaching a "full cure” so that the curing lead time iIs
reduced. As can also be appreciated, the opposite can be true wherein there are situations
where a structural member is not "fully cured” in 28 days wherein the system of this application
can be used to warn the workers and help prevent the premature loading of the structure. This
cure testing can include testing the level of hydration energy of the pile to determine the state
of the curing process. The absence of hydration energy could be used to determine the point
of "full cure.” Again, once the pile reaches the desired hydration energy or "full cure,” the pile
can be loaded or the structure can be used.

[0055] In yet other embodiments of the invention of this application, the temperature strings
could be positioned within longitudinally extending passages such as those formed by PVC
pipe positioned within the pile cavity before the pouring of the pile. VWWhile in these tubes, the
location of the sensor is still fixed and can produce the temperature matrix described in other
embodiments of this application, but which allows the strings to be removed and reused.

[0056] In further embodiments, the communication line can include multiple transmission
points. In this respect, iIn one group of embodiments, the transmission line has a first and a
second end wherein one of these ends Is a transmission end that can be joined to an operating
system or even to a transmitting device to communicate the data from the sensor for
processing and/or analyzing. In other embodiments, both the first and the second end can be
transmission ends for this communication of data. Yet further, the line can have one or more
additional transmission points 350 (see FIG. 1) even between the first and second ends of the
ines and these strings can also have more than two ends. In one embodiment, the line
Includes transmission point 350 between the first and second ends wherein this transmission
point Is joined to the operating system by any method known In the art including a direct line
connection or even a radio frequency "RF" connection. In another embodiment, this
transmission point i1s a line connector 352 joining two adjacent lines or all lines In the system.
As can be appreciated, a failure in any of the communication lines could result in loss of all
data for an entire string of sensors. By including multiple transmission points, the loss can be
reduced to only a portion of the string. In yet other embodiments, each sensor can be a
transmission point wherein each sensor would include a transceiver configured to be directly
connected to an operating system by any means known in the art including, but not limited to,
RF communication.

[0057] In yet other embodiments, the wire strings of this application can be mass produced In
any one of a number of configurations. In one such configuration would be wires produced
having 100 sensors located at specific distances wherein each sensor from 1 to 100 can have
a built in electronic location identification so that each temperature reading is associated with a
specific sensor and a specific location on the wire. In other embodiments, the identification
code or address can be assigned after the production of the string or even on site as iIs
needed. Further, the sensing wires according to other aspects of this application could be
produced In a plurality of standard lengths having a number of sensors according to the
particular length. For example, five different lengths of sensing wire strings could be produced
wherein each of the five sizes would be, for example, 15, 25, 35, 65 and 100 meters long and
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the end user would choose from one or more of these sizes (or others) based on the
dimensions of the pile to be poured. In yet other embodiments, these set length strings could
Include connecting devices at both ends such that more than one standard string could be
connected In series. Caps could be used to cover the base of the last string In any given
series. In other embodiments, the strings can be produced In custom lengths based on the
application or use or the product or based on customer requests. In yet other embodiments,
the strings can be cut or customized on site and the cut portion sealed or properly terminated
such as by a termination resistor. These wire strings could be In spool form and can include
markings to designate the identification of each of the sensors within the wire. For example,
these identifications could be numbered from 1 to 100 with the first sensor being the top
sensor and the highest number sensor being the lowest sensor within the pile cavity. This
Information can be noted during the positioning of the wire string within the wire cavity wherein
each of the sensors can be positioned at a known location within the pile cavity such that the
three dimensional array can be created once the information is transmitted from the sensors to
the monitor and/or computing device.

[0058] As discussed above, the system of this application can use other sensing devices
beyond temperature sensors without detracting from the invention of this application. These
other devices could be part of sensor 70 or these other devices could be separate from sensor
70 along line 74. Further, these other sensor devices could be mounted at the factory or on
site and could be used In any pattern such as in an alternating pattern with sensors 70 such
that each sensor can produce its own three dimensional array. Further, In yet other
embodiments of this application, the temperature sensors and these other sensing devices can
be utilized in connection with other testing procedures. In this respect, as Is discussed above,
the system of this application can include one or more other sensing devices such as devices
for measuring pressure, sound, acceleration, vibration, resistivity, strain, capacitance, moisture,
and/or chemicals. These other devices can be utilized for procedures such as sound testing
wherein the top of the pile I1s tapped with a hammer and the resulting sound waves are
analyzed. The system of this application can include sensors to detect and/or record these
sound waves to help test for mperfections in the pile.

[0059] The invention of this application could also be used for energy pile systems wherein
flow paths In a poured pile are used to heat and/or cool a building structure similar to that of
geothermal heating and cooling systems. The invention of this application can be used to
measure the energy of or in the pile and to determine If the pile has reached its limits In
geothermal energy transfer. This information can be utilized to help the heating and cooling
system run more efficiently and to determine points were secondary cooling and/or heating
methods are needed supplement the energy harvested from the pile.

[0060] The exemplary embodiment has been described with reference to the preferred
embodiments. Obviously, modifications and alterations will occur to others upon reading and
understanding the preceding detailled description. It Is Intended that the exemplary
embodiment be construed as including all such modifications and alterations insofar as they
come within the scope of the appended claims.
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Patentkrav
1. System (10) omfattende:

- en formet fast genstand (P), som er produceret ved at indfgre et ikkefast
materiale ind i en formningsstruktur (26) og stgrkne materialet |

formningsstrukturen til den formede faste genstand i en haerdningsproces;
Og

- mindst én sensorstreng (20;21 ;22), hvor naevnte sensorstreng omfatter
en stgtteledning (74) der straekker sig langs en strengakse (64) mellem en
fgrste ende (60) og en anden ende (62) for at overvage navnte formede

faste genstand (P) ved at generere en temperaturmatrix,

kendetegnet ved, at

naevnte sensorstreng (20;21;22) har en kommunikationsledning dannet af en
leder,

naevnte sensorstreng (20;21;22) inkluderer en flerhed af sensorer (70) forbundet
til naevnte stgtteledning (74) mellem naevnte fgrste og anden ender (60;62) ved
kendte intervaller saledes at naevnte hver sensor (70) er i en generelt kendt
indstillingsposition i den associerede formningsstruktur (26) nar naevnte
sensorstreng (20;21;22) er i en driftsposition, hvor hver sensor af naevnte flerhed
af sensorer er monteret til lederen, som danner kommunikationsledningen, hvor
naevnte kommunikationsledning fuldkommen stgtter naevnte flerhed af sensorer,
hver sensor inkluderer et sensorlegeme (100) og et sensorhus (122), naevnte
sensorlegeme inkluderer egenskaben til at forbinde naevnte hver sensor til naevnte
stgtteledning i naevnte kendte intervaller, naevnte hver sensor yderligere
inkluderer en elektrisk struktur (102), som inkluderer en temperatursensor (110)
konfigureret til at overvage en realtidstemperatur ved naevnte indstillingsposition,
naevnte hver sensor yderligere inkluderer en unik elektronisk identifikationskode
svarende til naevnte indstillingsposition eller naevnte kendte interval af naevnte
hver sensor, naevnte hver sensor (70) yderligere inkluderer en
transmissionsindretning (114) til selektivt at kommunikere naavnte
realtidstemperatur og naevnte identifikationskode for at generere en
temperaturmatrix for at opna en skematisk eller matrixfortolkning af

haerdningsprocessen for at bestemme integriteten af den formede faste genstand.
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2. Systemet ifglge krav 1, yderligere omfattende en stgttestruktur (50) inden |
naevnte formningsstruktur (26) og omgivet af naevnte stgrknende materiale, hvor
naevnte sensorstreng lases i naevnte driftsposition ved at fastggre navnte

sensorstreng til naevnte stgttestruktur (50).

3. Systemet ifglge krav 1 eller 2, hvor den formede faste genstand (P) har en
fgrste udstraekning (40) og en modstaende anden udstraekning (42), og hvor
naavnte sensorstreng (20;21;22) er positionerbar i naevnte driftsposition inden i
den associerede formningsstruktur (26) fgr eller efter indfgring af det ikkefaste
materiale i den associerede formningsstruktur for at danne den faste genstand,
hvor naevnte sensorstreng straekker sig mellem naevnte fgrste og anden
udstraekninger (40,42) og naevnte flerhed af sensorer opsluges eller indkapsles af
det ikkefaste materiale og forbliver i den faste genstand efter haerdningen af den

faste genstand.

4. Systemet ifglge krav 3 hvor naevnte intervaller er generelt ens.

5. Systemet ifglge et hvilket som helst af kravene 1 til 4, hvor naevnte hver
sensor (70) yderligere inkluderer et hukommelseslager (112), naevnte
hukommelseslager inkluderer instruktioner for naevnte transmissionsindretning
(114) til naevnte selektivt at kommunikere naevnte realtidstemperatur og lagre

data, som inkluderer naevnte realtidstemperatur og naevnte identifikationskode.

6. Systemet ifglge et hvilket som helst af kravene 1 til 5, hvor sensorstrengen
(20;21;22) yderligere inkluderer mindst én af en tryksensor, en lydsensor, et
accelerometer, en resistivitetssensor, en tgjningssensor, en kapacitanssensor, en

fugtsensor og/eller en kemikaliesensor.

7. Systemet ifglge et hvilket som helst af kravene 1 til 6, hvor

temperaturmatrixen er en realtidstemperaturmatrix.

8. Systemet ifglge et hvilket som helst af kravene 1 til 7, hvilket yderligere

inkluderer en computerindretning (150), hvor naevnte mindst ene sensorstreng
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(20;21:22) er i kommunikation med naevnte computerindretning (150) ved hjeelp
af en kommunikationsledning (160;162), som er forbundet til naevnte
computerindretning ved en fgrste ende, hvor naevnte computerindretning er
konfigureret til at styre mindst én funktion af navnte system, i seerdeleshed, til at

samle data produceret af naevnte flerhed af sensorer (70).

9. Systemet ifglge krav 8, hvor naevnte mindst ene sensorstreng er en flerhed af
sensorstrenge (21), hvor naevnte temperaturmatrix er en tredimensionel

temperaturmatrix.

10. Systemet ifglge krav 9, hvor navnte hver sensor (70) maler
realtidstemperatur i et temperaturfelt der omgiver naevnte hver sensor, hvor
naevnte temperaturfelt mindst delvist overlapper temperaturfeltet af en

tilstgdende sensor.

11. Fremgangsmade til at danne en strukturel genstand, som dannes ved at
indfgre et haerdbart materiale i et hulrum og det haerdbare materiale stgrkner |
hulrummet for at danne en installeret strukturel genstand, hvilken

fremgangsmade omfatter trinnene:

- at danne et hulrum (26) der straekker sig fra en fgrste
hulrumsudstraekning (40) til en anden hulrumsudstraekning (42), hvor
hulrummet har en sidevaeg (44) der straekker sig mellem den fgrste

hulrumsudstraakning til den anden hulrumsudstrakning;

- at tilvejebringe mindst én sensorstreng (20;21;22) omfattende en
stotteledning (74) der straekker sig langs en strengakse (64) mellem en
forste ende (60) og en anden ende (62) og en flerhed af sensorer (70)
forbundet til naevnte stgtteledning mellem naevnte fgrste og anden ender
ved kendte intervaller saledes at naevnte hver sensor er i en generelt kendt
indstillingsposition, hvor naevnte sensorstreng (20;21;22) har en
kommunikationsledning dannet af en leder og hvor naevnte flerhed af
sensorer monteres til lederen af kommunikationsledningen, hvor naevnte

kommunikationsledning fuldkommen stgtter naevnte flerhed af sensorer;
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- at tilvejebringe en computerindretning (150) til modtagelse af data fra
den mindst ene sensorstreng, som inkluderer en unik elektronisk
identifikationskode af hver af naevnte sensorer (70) og en

realtidstemperatur;

- at fastggre den mindst ene sensorstreng (20;21;22) i en kendt og fast
position inden i hulrummet (26) saledes at positionen af naevnte hver
sensor inden i hulrummet er generelt kendt, men er fast i forhold til

hulrummet:

- at associere den unikke elektroniske identifikationskode af hver af de
naevnte sensorer til den generelt kendte fysiske position af naevnte sensor i

hulrummet:

- at haelde et haerdbart materiale (302) i hulrummet saledes at sensorer
under den gverste udstraekning af det haerdbare materiale direkte
indkapsles af det haerdbare materiale;

- at overvage realtidstemperaturerne detekteret af naevnte hver sensor;

- at associere de overvagede realtidstemperaturer af navnte hver sensor
med den unikke elektroniske identifikationskode af naevnte hver sensor for

at bestemme lokationen af realtidstemperaturen inden i hulrummet; og,

- at generere en temperaturmatrix fra dataet for at opna en skematisk eller
matrixfortolkning af haerdningsprocessen for at bestemme integriteten af

den formede faste genstand.

25

12. Fremgangsmaden ifglge krav 11, hvor overvagningstrinnet yderligere

inkluderer at overvage temperaturer under haeldningstrinnet.
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