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RADIO FREQUENCY IDENTIFICATIO Ij

SYSTEM AND METIIOD I)OR USE IN (:AST
(:ON(:RETI( (IOMPONE~ 'I'

BACICCiROUND OF THE INVENTION

1. Field of thc Invenuou
llic prcscnt invcntiou re)a(ca to systems and methods lbr

applying identification information to components and, niore
specitically, to a radio frequency identification system and la
method fiir use with cast concrete components.

2. Background Information
Concrete elements or components. such as castings. are

of(mt used in Ihc construction ol civil cnguiccnng projects,
such as water supply systems, waslcwaicr systems, slomi ls
water systems and drainage systems lior example, a waste-
water system typically includes a series of concrete nianhole
risers interconnected by concrete pipes. 'I'hase elements are
typically precast at a manufacturing facility, and then shipped
to the location at which they are to be installed. The manhole io
risers;md pipes are placed ui ihlchcs and coiuiccfcd ui thc
ilcsilixl ulatuicr. Thc ditchca Brc Ihcu lillcil lu, biiu ging lhc
manhole risers and pipes. Often. roads are then built over the
manhole risers and pipes

Once they are built, these civil engineering projects. such
as the ivastewater system, need to be periodically inspected
and maintained. Havin information regardin the individual
concrete clemente cmi of(co laciliiaic lhc coiwlruction,
inspection, sluppui, installation, maintenance, and upkeep
of such projects I lowever, keeping accurate records has io
pmven difficult I'or example, keeping track of pre-pour and
post-pour inspection data. concrete batch number, intended
constniction pmject. etc., in an efficient manner is not cur-
rently possible.

Accordmgly, a aced exists lo unpmve thc collection and is
utalutcuBIB:e of iuforulatiou coucciuiug coucictc clean:ills
usixl iu civil cugiuccilug piojccls.

SUMMARY OF THE INVENTION
so

Bricfly, tlic prcscul uivmilion re)a(ca Io a radio frequmicy
identification (RlilD) assembly that is configured tiir use v ith
cast concrete elements In a preferred embodimmit, the Rlill)
assembly includes a planar back plate having a plurality of
break-away, registration posts extending perpendicular to the 1-

nominal plane ofthe back plate, and a plurality ofgripping or
cngagemcnt tlangcs extending pcrpmidicular lo thc nomuial
plane of thc buck plate opposite thc rc islmlion posts Thc
RlilD assembly further includes a Rlill) tag or transponder
that is mounted on a receiving area of the back plate, and a
cover that is aflixed to the back plate. e... by bonding or
welding. thereby sealing the RFID tag within the assembly In
addition to the RFID tag, a label carries human readable. e
typewritten. Intonuauou, about Ihc componmil.

'lheglilDtagisprogranimedwith intiirmationconcerning 1

the specitic cast concrete element to vvhich the RFID tag Is
alfixed. The information stored on the RFID mg may be a
senal number lhal is associated in a computer database with
the usmc ol the manufaclunng facilily thai cast Ihc ixmcrctc
clcmcnt. Ihe date it was manufactured, Ihe supplies used ui its so

construction such as the concrete batch number and tbe type
of reinforcing bar ("rebar") used, pre-pour and post-pour
inspections results, etc. In the preferred embodiment. the
RFID tag is a passive tag. That is. it does not include B power
supply. as

In use. a mold is assembled to create a desired concrete
component Rebar is preferably positioned within the mold to

provide thc rcx)aired strength to Ihc liui shed rxincrclc compo-
nent An Rf ID assembly whose Rl'll) tag stores a unique
senal nuniber is selected for the concrete component being
fabricated 'lhe RlilD assmnbly maybe hung ofl'ne of the
rebar sections pending a pre-pour inspection of the mold. An
inspector preferably checks to see that the mold has been
correctly scl-up, and that Ihe rcbar has indcixl bccn properly
posilionix! within thc mold. Once thc mold mid rcbar have
passed the pre-pour inspection, the RlilD assenibly is
removed fmm the refer section, and press-(it into the side of
the mold Specitically. the mold. Ivhich may be fornied front
v ood or steeL is contigured with a plurality of holes posi-
tioned to receive the registration posts of the RFID assembly.
Concrctc is then poured into the mold mid cured The gnpping
or cugagculcnl BBugcs that ca(cud lroin the back plate ol'hc
RlilD assembly engage the concrete and facilitate the cre-
ation of a permanent bond between the Rl'ID assembly and
the concrete component. I he coiicrete component is then
removed from the mold, and at least a portion of the registra-
tion posts may be broken av.ay so that that RFID assembly is
flush with the outside surfwc of thc concrete component. A
post-pour inspection of thc wuicrclc component also may bc
performed Information regarding the construction of the
colicrete cotuponent including inspection results may be
added to a db and associated ivith the unique serial nuinber of
the RFID assembly cast into the concrete component.

The concrete component may then be slapped to and
ui st all cd at its in(cndcd destination. For cx ample, Ihe concrmc
componcnl, wluch may bc a mtuiholc user, is buned in Ihc
gmund. Nonetheless. at any time thereafter, a maintenance or
other worker can "read" the Rial l) tag contained within the
RlilD assembly climbin into the manhole riser, energizing
the RFID tag and reading its data using B RFID reader. That is.
the RFID assembly ofthe present invention preferably can be
read through(bc solid wall of(bc concrete component, wluch
uicludcs both concrete and rcbar.

BRIEF DESCRIPTION OF THE DRAWINCiS

Thc invcn(ion dcscnption below rcfcrs to thc accompany-
ing ihawiugs. Cf which.

lil(i I is an exploded view of a preferred RlilD assenibly
according to the present invention;

FICiS. 2 and 3 are illustrations of a portion of a concrete
mold and the preferred RFID assembly of FICi. I in various
positions during use:

FICi 4 is a parlia) side I iew of a precast coucrclc compo-
nent with the RFID assembly of FICi 1 inslalledi

lil(i 5 is a partial cross-sectional view of the precast con-
crete component and RlilD assembly of 111(i. 4 alono lines
5-5,

FICi 6 is a highly schematic side elevation view of a man-
hole structure assembly;

lil(i 7 is an illustration of a maintenance worker reading
the Rt ID assembly of I'l(i I in an installation: and

FICi 8 ia a lughly schematic illustration ol a dale structure
stored by thc prcfbrrcd RFID assembly.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

FICi I is a Ifipt)y schematic, exploded viev of a radio
frcx)ucncy idcnlificauon (RFID) assembly 100 accorduig to a
prcfcrrcd cmbodimcnt of tlic present uivmilion. Thc RFID
assembly 100 includes a back plate 102, au RFID ta or
transponder 104, and a cover 106. 'I he hack plate it)2 has a
substantially planar shape and includes a receiving area 108
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sized and shaped to rcccivc thc RFID tsg 104. In thc embodi-
ment of Ill(i. 1, the back plate 102 further includes a plurality
of registration posts, such as registnltion post ~ I I fiu and I I fib
that extend substantially perpendicularly fmm the nominal
plane of the back plate 102. The back plate 102 also may
include a Imok 112 located on one side of the back pLlte 102,
such as side 114 As dcscribcd in morc detail below. Ihc book
112 is sizcxl to lit over a sixuon ofreinforcuig bur ('*rebnr") so
that the Rli I I) assembly (00 maybe suspended from the refer

'()lose skilled in the art will understand that the Rlill) lo

assembly I (N) may be circular, oval, square, or some other
shape.

A groove or recess 116 may be fomted in the back plate 102
around thc rccmvulg area 108. Thc groove or rcccss 116 Is

preferably sized aud shaped to match either fitc cover 106 ii
itself, or a flange I (8 extending around the perimeter of the
cover 106 perpendicular to the noininal plane of the cover
(06 I'he gmove I (6 and flange 1(8 coopenlte to seat the
cover 106 to the back plate 102.

To assemble the RFID assembly 100. the RFID tag 104 is Io
preferably placed on thc rimciving areu 108 ol thc back plate
102. Thc RFID tag 104 may bc lilrmcd on a Iilm, such as
paper, having an adhesive backing As described herein,
lniman-readable, e.g . type written, inforination may also be
placed on the paper film. 'I'he adhesii e backing may be used
to adhere the RFID tag 104 to the receiving area 108 of the
back plate 102. The cover 106 is then placed over the RFID
tag 104 so that thc pcrunctcr of thc cover 106 (or the flange
118) sits in thc roovc orrcccss 116 fonucd m the back plate
(02 'I he cover 106 and the back pLlte 102 are then joined io
together. e.g., by ultrasonic welding. bonding, heat sealing,
etc In the illustnltive enlbodiment, the cover (06 and back
plate 102 are)oined so as to form a watertight seal around the
RFID tag 104

lllcbackplatc102andtheixlvcr106arcprcfi rablyformcd li
from polypropylenc, and made by in)ection moldulg or other
tcchnlqiii:s.

In an alternative embodiment. the col er 106 i ~ joined to the
backplate(02bya hinge 'I'hat is,asideedgeofthecover 106
may be attached to a side edge of the back plate 102, such as so
the side edge opposite the hook 112. Once the RFID tag 104
has been placed on thc back plate 102, fitc cover 106 may bc
swung around thc hinge and sealed to thc back plate 102.
Those skilled in thc art will undersumd ihat the lun c may bc
filrmed by molding a thin portion of material along. the edge
betiveen the cover 106 and the back plate 102

The RFID ta is preferably a passive type RFID mg. That
is. it does not include its ov n poiver source. The RFID ta
includes an antenna 116 mluplcd to s non-volatile memory
120. such as u read only memory (ROMj, mi cruwible pro- o

granmuible ROM (EPROM), an electrically crasablc pro-
grainmable PROM (I:EPROM), etc A suitable ItFID tag for
use with present invention includes the Ultnl I lish Iirequency
(UHF) Rafsec GZ DogBone model of RFID ta ~ from UPM
Raflatac, Inc.. which can hold 96 or 128 bits of dma. . 1

FIG. 21s a lughly schmna tie illus trauon offitc RFID nsscm-
bly 100 placed ui a temporary posiuon w i(Inn a mold 200 Ibr
usc in castmg a concrctc componcnk Morc spccilically, thc
mold 200, which is shown in a partial, cut-aivay viev, lies an
innerjacket 202 and an outer jacket 204 'I'he outer jacket 204 so

is spaced some distance, d, from the inner jacket 202 thereby
dehning a space to receive poured wet concrete. The rwo
j;mkcts may bc substantially cylindrical ui shape so tluit thc
rcsulung concrete componmlt has a tubular or hollov, cylui-
ilrlc il shapcwttll all opcn illli llol; Otic iirnlilrclclnlolccnu nt Si
elements. such as reinforcing bar (rebarj segments 206 and
208 are placed within this space between the two jackets 202,

204 Thc rcinforccmcnt clement, as is well-known ui (hc ark
is typically made of steel. and pmvides added strength to the
concrete component being manufactured. Other types of rein-
forcement elements, besides rebar, include meshes, fences,
fiber lass hbers, hoops. etc. The reinforcement element is
placed ivithin receiving space according to the de~ign of the
concrete component. Once thc mold 200 has been sct-up, and
thc rcbar has bccn properly positioned inside thc mole 200.
the Rli I I ) assembly 100 may be (ning from the reinforcement
element, e g, rebar seginent Z08. as shown in I'IG 2 I'hat is,
the honk I (2 of the RlilD assembly 100 is placed over the
rebar segnent 208.

After the reinforcement element(sj has been positioned
wit(un thc mold 200 mid bcforc the concrete is added, sn
ulspcctor preferably conducts a prc-pour utspcchon by.
among other things, examining the mold 200 and the rein-
forcing element(sf to confirm that the mold has been coriectly
set-up, and that the reinfilrcing element(sj has been coriectly
positioned witlfin the mold 200. If so, the inspector preferably
removes the RFID assembly 100 from the reinforcing ele-
ment, c g.. from rcbar scgmcnt 208, and allixes it to Ihc outcr
)acket 204 of (hc mold 200.

As described herein. Ihe RIIID assenibly 100 stores a
unique serial munber that may be read by an RFID reader,
entered into a cmuputer database and associated with the
particular concrete component bein manufactured Infomta-
tion concerning the construction or manufacture of the con-
crctc colnpollcllt, such as thc Icsults of thc prc-pool lllspcc-
tion, may bc added to thc database mid associated with (hc
unique serial number of the selected RI'ID assembly.

ill(i 3 is a highly scheinatic illustration of the Rill l) asseni-
bly 100 and the outer jacket 204 ofthe mold 2(N) (Rifi 2) 'I he
outer I acket 204 of the mold 200 has an inner face 204a that
defines the outer surface of the concrete component bein
cast. Formed witlun the outcr jacket 204 ou the inner face
204u arc two rcccivmg holes 302 and 304. Thc two receiving
holes 302 mid 304 arc stxlxf mid spaced to receive rcspcciivc
ones of the registration posts I I fia. 1( fib of the RI'ID asseni-
bly (00, as illustrated by the dashed Imes Specifically. reg-
istration post 110a may be received in receiving hole 30Z.
v hilere istrationpost110bmaybereceivedinreceivinghole
304 Iu a prcferrcd emboduuent, onc of the rcgwtration posts.
c g., post 110a, and its rcspcctiic rccciving hole, c.g., hole
302. is larger or of a ddfi:rent cross-sectional shape, such as
square or oval as opposed to circular, so that the Rl ill ) asseni-
bly (00 can only be installed in one orientation In this way,
the RFID assembly 100 cannot mistakenly be installed upside
dov n. As shoivn in FIG. 3, the RFID assembly 100 f'urther
ulcludcs onc or morc gripping or cngagcmcnt flangcs or sur-
faces, such as surfaces 306 and 308 (hut extend from thc buck
plate 102 of (hc RFID assembly 100 in u direction substan-
tially opposite to the registration posts I I ()ii, I I fib 'I'he grip-
ping or engagement surfaces 306, 308 help secure the Rl'll)
assembly 100 to the concrete to be added to the mold 200.

In the illustrated embodiment. the registration posts 110u.
110 6 of (hc RFID assembly I 00 are press fit into the receiving
holes 302. 304. Thc rcgisiration posts 110u. 110b may bc
tapcrcd to facilitate their receipt within thc reccivuig holes
302, 306 '(lie RIIID assembly 100 is prefenlbly attached to
the inner face 204ii of the outer jacket 204 such that the cover
106 of the RFID assembly 100 is flush against the inner face
204a. Those skilled in the art v ill understand that barbs or
other surface lcatures may bc added to Ihc registration posls
110u, 110b to help hold the RFID assembly 100 against (hc
outcr jacket 204 as v, ct concrctc is poured Into the mold 200.
liurthennore, the ntaterial(a)used to make the RI'll) assenibly
(00 Is sufficiently elastic so that the cover (06 conforms to the
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shape of thc inner face 204a ol'hc outer )acket 204. Acta&rd-

ingly, &vhen concrete is poured into the mold 200, no concrete
is able to pass or settle benveen the cover 106 of the RI&ll)

assembly 1(N) and the inner face 204a of the outerjacket 204
Once the RFID assembly 100 has been press fit inro the
receiving holes 302. 304, concrete may be poured into the
mold 200, and allowed to sct to create thc des&rial rxmcrctc
component.

'those skilled in the art will understand that other arrange-
ments of registrations posts and receiving holes may be used. &o

I&or example. the Rlill) assembly 100 may include only one,
or more than nvo. registration posts. In an

alternative

embodi-
ment, rather than or in addition to bavin receivin Imles, a
mold 200 may bc conli ured w ith a recess fora&cxl m thc inner
face 204a of thc outcr)acket 204. Tlus recess. O&ores» cr, nuiy is
be sized and slwped to receive the Rl&ID assembly 100 'lliat
is. the depth of the recess may be something, less than the
thickness of the Rlill) assembly 100 In yet another embodi-
ment, a receptacle may be attached to mold, e, at the inner
face 204a, mid the RFID assembly 100 may be seated in tlus &o

rcucptaclc bcforc the wct concrctc is added to thc mold.
In yct miothcr cmbod&ment, thc RFID assembly 100 nuiy

have one or more holes that extend through the back plate 102
in place of the reg&stra&ion posts In this embodiment, the
outer jacket 204 of the mold 200 similarly has one or niore
holes. e g., Imles 302 and 304, that lineup with the holes in the
RF ID assembly 100. Before wet concrete is added ro the mold
200. (hc RFID assmnbly 100 & ~ held agama( 0&e inner surfucc
204a of thc outcr (acket 204 by a worker so tlmt thc lx&lcs in
the Rl&ID assembly 100 line up with the holes 302, 304&n the &o

outer jacket 204 A pin is then inserted thn&ngh each pair of
aligned holes. thereby keeping the Rl&ID assembly 100 in
place as v et concrete is added to the mold 200. Once the
concrete has sufficiently hardened, the pins can be pulled out,
and thc concrctc component can be rcmovcd from thc mold &s

200. With this cmbodimenn thc concrete component can bc
removed Ibom the mold 200 even though &I may not be fully
cured

'those skilled in the art will also understand that other
designs or shapes of gripping or engagement surfaces may so
also be used, such as screv shapes, etc.

Once thc wct concrete poured into thc mold 200 has hard-
ened. thc mold 200 w rmnovcd or pullcxi apart u& reveal thc
concrete component tlratwascas(.A(leas1 somcportion, such
as the tips or outer portions, of the registration posts 110a,
1106 may break away as the mold 200 is removed

FI(fi 4 is a partial. Iughly schematic illustration of u con-
crete component 400 cast v ith the RFID assembly 100 in
place. Tlm concrete component 400, wluch may be a cylui-
dncnl numholc neer, has an outcr surface 402 (lait corrc- o

sponds to thc nuicr Ihcc 204a (FIO. 3j ol thc outer jacket 204
of the mold 2(N). and an inner surface 404 that corresponds to
an outer face (not shown) of the inner jacket 202 of the niold
200. The concrete component 400 further has a thickness, t,
that corresponds to the spacing be(ween the inner und outer . &

j;mkcts of the mold. Bccsusc thc RFID assembly 100 was
positioned fiu sh age nut thc uuicr face 204a ol 1hc outer)acket
204. it is 1 isiblc on thc outside surface of thc concrete com-
ponent 400. Nonetheless. the Rl&ID assembly 100 i ~ perma-
nently adhered to the concrete component 400. at least in part so

due to the gripping surfaces 306. 308 (FIG. 3), which help
hold the RFID assembly 100 in place in the concrete compo-
nent 400.

As mcntioncd hercui. the RFID assmnbly 100 further
includes a label 402 placed bchuid 0&e cover 106 thut is ss
transparent, so that the label 402 can be seen through the
cover 106. I lumen-readable information, such as the name

and tclcphonc number ol'he company that cast thc concrcic
component 400 is preferably printed on the label 406 'I he
label 402 may be positioned benveen the cover 106 and the
Rl&ID tsg 104 when the RI'ID assembly 100 is assembled so
that the information may be read tluough the cover 106 ofthe
RFID assembly 100. Altentatively. the RFID tag 104 itself
may have a label printed on it.

Thus, (hc prcfi:rrcd RFID assembly 100 carne& or bears
information that is storM in nvo fi&rms I'irst. the Rl'll)
assembly 100 includes electronic information, such as an
identification number. stored on the RI&ll) tag or transponder
104 This electronic information may be read by an RFID
reader. Second, the RFID assembly 100 includes written or
typed uifomiation. such as thc mone and telephone numberol'hc

manufacturer of ihc concrctc component. Tlus inli&nns-
tion, v hich may be located behind a transparent cover 106, is
lnunan readable, e g., it &nay be perceived by simply reading
it fmm the RI&ID assembly 100.

It should be understood that additional information may be
printed on the label 406, such as the serial number 7 stored on
thc RFID tag or some other iden&i(ication number assign&xi to
or associated with thc concrete component 400, thc name
and/or telephone number of the entity that nianufactured the
8 I&I I ) assembly 100. a bar code bearing information about the
c&1&&crete coinpo&le&It, ctc

FICi 5 is a cross-sectional viev of the concrete component
400 of FICi. 4 along lines 5-5. As ahois n. the RFID assembly
100 is fiush against thc outcr surface 402 ol'hc concrcic
componcn( 400. Funhcmiorc, at leis& some portion of (hc
reg&stration posts 110a. 1106 have been broken off 'I'he grip-
ping or engagement surface 308, moreover, extends into the
concrete compm&ent 400, thereby helping affix the Rl'll)
assembly 100 to the concrete component 400.

As sho&vn, the RFID assembly 100 ofthe present invention
&s preferably placod on thc outs&dc surface ol'hc concrete
componcn( 400. wluch in the illustrat&vc embodiment is a
miufiiolc nscr. As descnbcd above, thc manhole riser is typi-
cally lowered into a ditch, connected to one or more pipes,
and buried aim&8 with the pipes 'linis, the outside surface of
the manhole riser cover comes into contact with the dirt, rocks
and other material used to bury the manhole riser. To protect
thc RFID tag 100 while thc manhole n sar is being buncxi in
thc ground. (hc cover 106 ol'he RFID assembly 100 is prcl-
crably fonucxI from an impact-resistant plus(&c or other simi-
lar nmterial I urthermore. by having the RI&ll) assembly 100
located on the outside surfhce of the manhole riser. it can be
easily seen and examined by ii orkers both at the manufactur-
ing facility. and at the staging area before it is lowered into the
ground at i(s intcndcd locntion.

Noncthclcss, &t should bc understood that thc RFID assem-
bly 100 of (he present mvcntion may bc position&xi at other
locations relative to the mold 2(N) i&or example. the Rl'll)
assembly 100 may be placed inside the mold 2(N) and sur-
rounded by concrete, so that the RFID assembly 100 is not
visible from outside the concrete component. The RFID
assembly 100 alteniauicly may bc pos&t&oned fiush to (hc
out sale surhicc of the uuicr )acket 202 ol'hc mold 200 so that
thc RFID assembly 100 is visible on thc &nncr surlbcc 404 of
tile co&&crete c&1&llpollel&t 400.;is opposecl t&1 1ts olltcl'u&face
402

FICi 6 is a higltiy schematic. side elevation of a manhole
stnicture assembly 600. which may be used in a v astewater or
storm water system. Thc manhole structure assembly 600 is
illililc ilp of ii scllcs of pr'cess& colic&i:ti: colllponcllts, each
huving a gcncrally cylindrical shape, that arc stacked on top of
each other Specifically, the manhole stnicture assembly 600
includes a manhole base 602, a first riser 604 stacked on top
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of thc manhole base 602, a second riser 606 stacktxl on top of
the ti rat riser 604, and an eccentric cone 608 stacked on top of
the second riser 606 Mounted on top of the eccentnc cone
608 is a manhole cover 610. (Irade rings foot shov n) and n
manlmle frame foot shov n) may be positioned between the
cone 608 and the manhole cover 610. A series of pipes. such
as pipes 612 and 614 nrc iuluplcd to the manhole base 602 by
rubber boots, such as boots 616 mid 618. As mdicutcd above,
the manhole structure assembly 600 is buried in the ground so
that the manhole 610 is tlush with a road surface 620 'I he lo

interior of the manhole stnicture assembly 600 i ~ hollow so
that a worker may descend into the manhole stnicrure assem-
bly 600 to conduct inspections and/or repairs.

In accordance with a prcfcrrcd cmboduncnt of thc prcsmit
invention, an RFID assembly i ~ cast uuu each ol'tllc collcrctc is
components of the manhole stnicture assembly 6(N) gpecifi-
cally, Rliil) assemblies 622-625, lvhich correspond to Rlill)
assembly 100 described above. are cast into components 602-
608, respectively. Each RFID assembly 622-625 has its own
unique serial number stored on its RFID tag. )o

FI(h 7 is a lughly schcmanc, parnal illustration of thc
concrete component 400 ulstallcd at im intcndixl location.
gpecitically, as mdicated above, the concrete component 400
may be the cone portion ofa manhole stmcture asseniblv that
is buried in the ground 700, e.g, below a street 'I'he concrete
component 400 may have an upper surface 704 sized and
shaped to receive a manhole cover (not shown). Within the
concrete componmlt 400 may bc a scncs of stops 704a-r so
that a worker 706 may clunb down uito thc concrete compo-
nent 400.'I helvorker706 may carry an R)1D reader 708. and lo
use it to scan the RlilD assenibly 100 that was cast mto the
concrete component 400 as described herein. I iven though the
RFID assembly 100 is located on the outside surface of the
concrete component 400, the RFID reader 708 is able to get a
rcaduig ol'thc RFID tag 104 housed w linn the RFID Jssclll- 33

bly 100 duough thc concrete and rcuiliirccmcnt clement of
the concrete txlmponcnt 400. In paruculur, thc reader 708
preferably emits a lolv-power radio signal that powers up the
RlilD tag 104 IIle RI'ID tag 104 then transinits theinfonna-
tion stored in its memory through its antenna. This infomla- so
tion is captured and stored by the reader 708.

To help thc worker locate the RFID tag 104 from uisidc thc
concrete componmit 400, a mark may be placcxl on thc uisidc
surfwc of thc iulncrctc component 400 uidwaung where. on
the outside surface of the concrete coniponent 400, the Rlill)
ta 104 is located I'or exmnple, the Rl'll) tag 104 may be
placed at a location on the outerjacket 204 of the mold that is
aligned with a weld line along the innerjacket 202 ofthe mold
200. When thc concrete component 400 is cast. this veld linc
produces a visible lute down thc uisidc surlacc ol thc iamcrctc o

component 400. Thc worker may locate tlus visible lute and
activate the reader 708 at this location. Alternatively, the
worker may "lvalk'* the reader 708 around the circumfermice
of the of the concrete component 400 until the reader 708
detects the RFID tag 104 . 3

For RFID assemblics that have been installed on iamcrctc
components or casungs that arc too narrow lor u worker to
cntcr. such as a concrete pipe. a rcadcr at thc cnd of a long
wand, or a device for carrying the reader into such narriow
places may be used S I l

As described herein, the information stored on the RFID
tag 104 is a serial number that uniquely identifies the concrete
component 400. FICI. 8 is a lughly schcmutic illustration ol'a
data structure 800 representing the udormauon stored on tile
non-lolatilc mmnory unit of thc RFID tag 104. Thc data ss
structure 800 is organized to store a serial number. In the
preferred embodiment, the serial number has a manufacturer

code portion 802 mid mi el plul bc tie, muncric or alpha nu men c
portion 804, which together form the unique serial number for
the respective concrete component. Iior example, bits 90-95
of a 96-bit data structure may store the manufacturer code,
and bits 0-89 may store the alphanumeric portion. In a pre-
ferred embodiment, each concrete component manufacturin
making using an RFID assembly 100 of the present uivcnnon
ls assigned its own mmiu fee(urer's code. Tlus manufacturer's
code, moreover, is used in all ltliID asseniblies sent to and
used by this particular manufacturer

In the preferred embodiment. the senal mimber stored on,
e ., written to. the RFID tag 104 cannot be modified or
changed.

A» described herein. thc serial number ol'mi RFID assem-
bly 100 may bc associated with thc concrctc component dur-
ingtheconstmctionoftheconcretecomponent Iiorexample,
after a particular RI'ID assmnbly 100 lws been selected and
attached to a mold 200, a worker prefemably scans the Rl'll)
assembly 100. thereby reading its serial number. The reader
transmits. e g., tlu ough a v ireless connection. the serial num-
ber to a data server, winch stores thc senal number in a
du(abase. Additional mfornul( ion is then mt(crcd into the data-
base, e g, through the RliID reader or some other input
device, such as a keyboard or mouse. and associated lvith
senal munber. I'his additional information may include the
date the concrete component is cast. the batch of concrete
used to make the concrete component, the project for which
thc concrete component is to be used. the parucular manhole
structure assembly, or other structure, to which thc concrete
component belongs. the results of the pre- and post-pour
lnspcctliiil, etc

I'hose skilled in the art will understand that the data stmc-
ture 800 may be modified to carry additional information. For
example, it may be configured to carry a name or identiher of
manu lac(urer o f the concrctc component, a nnmc or alen(i tier
of thc entity thai supplied thc concrctc used to make thc
component, an nlcntdicr of thc concrctc batch used to make
the concrete cmnp on ent, a name or identiher of the entity that
supplied the reinforcement element. ifany. used in the precast
concrete component. a name of the project or structure for
v hich the concrete component is to be used, etc.

Those skilled ui thc art will understand that thc RFID
assembly ol thc prcscnt imcntion can bc used with other
concrete components besides thc clcmcnts of a manhole
stnlcture assembly Iior example. the Rill D assembly may be
used with cmlcrete septic tankg concrete box culverts, con-
crete steps, concrete lift( and/or utility poles, and concrete
components used in the constni etio n ofperinng gamages, such
as double tccs, slabs mid columns, muon other concrclc
components. Thc RFID assembly ol'he present uivcntlon
could also bc used m '*cast in place" construction, where thc
concrete component is fiimled at the construction site In each
case, the RlilD assembly is preferably attached to an outer
surface of the concrete component.

As described herein, the RF ID assembly of the illustrative
cmboduncnt docs not rcccilc mcasurcmcnt data from any
smlsors. mlr docs it pcrlonn any dani processing lunctlons.
Accordingly. thc RFID assembly need not include a micro-
pmcessor or a pov er source. It also does not uiclude any
comniunication wires extending from it As a result, the Rl'll)
assembly is economical to manufacture. Futthermore. the
RFID assembly only stores a unique identifier for the con-
crete component to which it is attachixl. Thus, the memory of
thc RFID assembly is preferably no more than 5)2-bits, and
morc prcfcrably on thc order of 96-bits.

I'he foregoing description has been directed to specific
embodinlents of this invention. It will be apparent, however,
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that other ianulions mid moddicauons may bc made lo thc
described embodiments, with the attainment of some or all of
their advantages Itor example, although the preferred
embodiment has been described as using a passive RlilD
transponder. an active RFID transponder muy also be used.
Therefore, it is an object of the appended claims to cover all
such venenous und moihlicanons as come v illun Ihc true
spint and scope ol'hc utvcnuon.

What is claitucd Is.
I A cast concrete coniponent configured for in ground

installation, the cast concrete cotnponent coniprising
a hollow portion having an outer surface and un inner

surface defining a wall thickness between the inner and
outer surfaces and an open interior inside of the inner
sUI laccn ls

a radio frequency tdcunlicanon (RFID) assembly mounted
flush along the outer surface of the hollow portion, the
RIFID assembly including (i) a RltlD tag having u
memory configured with iLsta uniquely identifying the
cast concrete component, and an antenna coupled to the io

memory. Bnd (Ii) u housing that encapsulates the RFID
tag, lhc hoiisln havhlg Onc or Biol c guppulg sUrfiiccs

cx tending uil o the cast concrclc component Ilail Lccp thc
Rftll) assembly secured to the concrete component dur-
ing the in ground instalLstion; and

one or more reinforcing elements disposed between the
iiuter and outer surfaces.

wherein
thc RFID tag of thc RFID assembly ts configurui to bc

rcaduble Irom thc open uilcnor of thc hollov, porlion
through the ivall thickness

2 I'he cast concrete component of claini I v herein the
memory is a read only memory.

3. The cast concrete component of claim 1 wherein the
identifying data includes a serial number a portion of which 1'denlilicsa munu faclurcr of Ihc cast cotmrclc component.

4. Thc cast cottcrclc conlponcnl ol claini 1 v hcu:ul lhc
housing of the Rl'ID assembly further includes a back plate
and a cover. and the Rl'ID tag is encapsulated between the
back pLate and the cover. sc

5. The cast concrete component of claim 1 wherein
the RFID assembly further includes

hummt-readable infonuauon ihsposcd wttlun Ihc hous-
uig, and visible lluough at least a portion ol'Ihc hous-
in

6 I'he cast concrete component of claini 5 v herein the
human-readable information includes at least one of:

a name of an entity that manufactured the cast concrete
component. and

a talc)thoro number of 1 bc entity Iha I manufactured Ihc c as I

concrete component
7. The cast concrete component of claim I further com-

P11slng;
a label attached to the RFID housing, thc lubcl bcaruig.

human-readable information identifying at least u mami- "
facturer of the cast concrete component. and

B bBI code associated wtlh ullonnalton concculutg lhc
cast concrete component

8. It method for casting a concrete component having built-
Siiin idcnu fyuig uitbrmauou, the method comprtsuig.

setting up a mold for casting the concrete componmtt. the
mold dehning an inner surface, an outer surface. a wall
thickness betii een the inner and outer surfacem und a
hollow interior inside of the inner surface;

placiit otic'F miii'c Fclnforcclncitt clcolcllts 111 tlic oiiikl,

suspending a radio Ibcqucncy idcntilicutiou (RFID) assem-
bly from the one or more reinforcing elements pending
an inspection of the mold:

releasably attachin the Rl'ID assembly to the mold at a
predetemiined location on the outer surface Iiillowin
the inspection. the RF ID assembly having (i) a RF ID ts
with a memory configured with data umqucly tdcnuly-
iug thc concrete component and mi antenna coupled to
the memory, (ii) human-reaiLsble inforntation, and (iii) a
housing that encapsulate~ the RltlD tag and has one or
nmre yipping surfaces for extending into the concrete
conlpolmnt:

adding wet concrete to the mold betiieen the inner and
Outcr surlbccs so that the concrclc cuvclopcs al least part
0f Ihe RF ID assembly. 1;ud mmercle, when dry, forming
the concrete component; and

removing the concrete component fmm the mold, lcm ing
the Rill I) assembly secured to the concrete coniponent,
v herein
the RFID tag of the RFID assembly is conhgured to be

readable from the hollow inlcnor ol Ihc cast concrete
conlponciln

9 'lite method of claim 8 ivherem the RltlD assenibly
further includes one or more registration posts extending
from the RFI I) assembly, and Ihe mold includes a correspond-
ing receiving hole for each of the one or more registration
posts of the RF ID assembly. the attaclung further comprising:

inserting each ol the Onc or morc rcgtslranon posts of Ihc
RF ID assembly into thc corresponding roc civ uig hole of
IIM tliokl.

l(l. I'he method of claim 9 ivherein the RlilD assenibly
dehnes a nominal plane and the one or more registration posts
extend from the nominal plane of the RFID assembly.

11. The method of claim 10 v.herein the removing Ihrther
conlprtscs.

brcalong away a portion of each of Ihc onc or rcgt stra non
posm.

12. A radio frequency identification (RlilD) assenibly fiir
attachment along a surface ofa cast concrete coniponent, the
RFID assembly comprisin:

u back plate having a front. and a back;
u cover attached to thc front of thc back plate:
un RF ID lag d is po sexi betw ccn thc cover and the back plate.

thc RFID lag including a memory configured with dais
uniquely identifying the cast concrete component, and
an antenna coupled Io the memory;

u Label bearing human-readable information concernin
the cast concrete component:

ut least onc gnppuig surface extending from Ihc back o f Ibc
back plate. and coniigured lo bc rccctvcd into Ihc cast
coactclc cotnponcnt. Bnd

a hook v'herein the hook is sized for gussping a reinforce-
ment element.

13. The RFID assembly ofcLaim 12 compn sing at least one
registration post.

14. Thc RFID assembly of clsun 12 compos utg at least onc
Fcgislliillon holC.

15. Thc RFID assembly of clean 12 whcrmn
the label is disposed between the back plate and the cover,
at least a portion of the cover is transparent, and
the human-readable information is visible tluough the

transparent portion of the cover.
16. Thc RFID assembly ofclaim 12 whcrcui thc cover and

thc back plate form a watertight seal around thc RFID lag.
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