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(57) Abstract

A flexible liner (38) includes a
back side surface having a number of
ribs (46) that project outwardly a dis-
tance away from the liner. The ribs
each have an enlarged profile config-
ured to provide a strong mechanical
lock with an intermediate adhesion
layer (44) or carrier that is applied -
to a surface portion (42) of the un-
derlying substrate (40) needing sur-
facing or rehabilitation. The liner
is installed to surface or rehabilitate
a structure by applying a thickness
of the carrier to the wall section of
the underlying substrate, positioning
a back side surface of the liner ad-
jacent the carrier, pressing the liner
against the carrier so that the ribs are
inserted and completely covered by
the carrier, and forming a mechan-
jcal lock between the ribs and the
carrier. ‘The carrier cures to form a
strong bond with the surface of the
undeslying substrate but not with the
back side surface of the liner.
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25' corrode and/or erode, causing wall portions of the structure to be
eaten away and ultimately causing the structure to | eak. As |eaking
l'i gquid escapegeissem a subterranean pipe the ground ' SUpERUSYRHBRet he
pi pe serving as a foundation i's eroded away from contact with the pipe,

t hereby | eaving the already structurally weakened pipe without foundational
support which : may result I n cat astrophi c structural failure. 3 0
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m m concrete
structures, to avoi d t noval and _

repl acenent of such structuregﬁqﬁm %ﬁ%\éﬁ Med and are known in
the art. For exanple, United States Patent No. 2,794, 758 di.scl oses a
net hodg and WA ?ttﬂéléﬁé(nﬂoﬁ place lining of a pi peI ine to protect the
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backsigg¢ portion of the liner that has been attached at one end
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portion reqtheniraplageis ith new pipe whith attaghed to thevexissing sewpr pipei Eoweyer,
limted to tHecexpeRsdf thik niditived is fil 'ﬁbflaréx&despﬁahﬂy in urban setting, as is the disruption
of sewer service. The same holds true for the replacement of other non-subterranean
20 structures that are formed from concrete that serve to enclose a fluid handling device such
as a pump, pipeline, tank and the like. B '
Concrete structures are particularly susceptible to corrosion and erosion due to contact
with or use in transporting liquids that are acidic in nature or that include some amount of
solid component, respectively. Over time, the concrete structure subjected to such use will
25 corrode and/or erode, causing wall portions of the structure to be eaten away and ultimately
causing the structure to leak. As leaking liquid escapes from a subterranean pipe the ground
~surrounding the pipe serving as a foundation is eroded away from contact with the pipe,
thereby leaving the already structurally weakened pipe without foundational support which
may result in catastrophic structural failure. '
30 . Devices and methods for in-place surfacing or rehabllltatxon of concrete structures, to
avoid the costly alternative of removal and replacement of such structures, have been
developed and are known in the art. For example, United States Patent No. 2,794,758
discloses a method and apparatus for in-place lining of a pipeline to protect the pipeline from
- the effects of corrosion and erosion. The apparatus comprises a housing that encloses a reel
35 of flexible liner therein. The housing is attached at an outlet end to one end portion of the
pipe to be repaired. A liquid pressure source, such as water and the like, is connected to
an inlet end of the housing. Liquid entering the housing from the liquid pressure source
imposes a pressure against a backside portion of the liner that has been attached at one end
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particularly, to pipelines having a relatively small dianmeter, e.g., on the’
order of from 5-20 inches in dianeter. 10 Uni ted States

Pat ent Weoe/1849232, 062 di scl oses a nethod of in-place |1 nipreredosséagiui t .
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The ponV| € sheet |s prepa
annul ar opening between the liner and sewer pipe walls. The annular space between the

sealed off ends is filled with a low viscosity cement by pouring the cement into a hole
surrounding the removed top portion of the sewer pipe such that the cement can freely enter
-and fill the annular space. - The cement is poured to a level above the top of the sewer pipe
to provide a hydrostatic head to effect migration of the cement through the annular space
30 between the-liner and pipe and to the sealed ends. A overflow tube drilled into the top
portion of the sewer pipe near each sealed end portion to provide an indication of whether
the annular space is filled. ‘This method, however, is aiso limited to repairing only pipelines
and, more particularly, pipelines that are positioned in a horizontal orientation. |
United States Patent No. 4,792,493 discloses a corrosion resistant coating and liner
35 combination used for repairing a water system pipe or reservoir comprising spray applying
" a polyurethane coating to a surface to be repaired and then adhering a sheet of polyvinyl -
chloride to the surface of the polyurethane coating. The polyvinyl chloride sheet is .prepared
for bonding to the surface of the polyurethane by applying a polyurethane primer-activator
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for bonding to the surface of the pol yurethane by applying a pol yurethane

primer-activator -2-
WQ 96/ 184930 96/18492 ' PCT/US95/16120
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's applied pac filling material onto the outside surface of the liner. The device deposits the back fill
material as it is retracted from the pipe so that such back fill material is applied
simultaneously to that section of the liner that is expanded against the pipe wall. This
method is also limited to use in repaiﬁng only pipelines and, more particularly, is practically

20 = limited to repairing pipelines having a relatively moderate dlameter in the range of from 12-
36 inches in diameter.

United States Patent No. 5,102,263 discloses a method of renovating and/or protecting
sewers and pipes comprising forming a liner from lengths of PVC panels, placing the panels
around the wall of the pipe, and butt-joining together end portions of panel. The panels are

25 configured having complementary edge configurations so that each panel portion that is butt-
joined together may be clipped together along edge portions with an adjacent panel portion.
The backside surface of each panel includes T-shaped formations that extend outwardly away
from the backside surface to contact an adjacent wall surface of the pipe. If needed, due to
corrosion that has eaten away a section of the sewer wall, holes can be drilled in the sewer

30 wall (post installation of -the liner) and grout pumped into the cavity between the liner and
sewer wall to provide support to the liner. This method is limited in that it applies only the
renovation of sewer pipes and, more particularly, to the repair of an entire diameter section
of the pipe, due to the interlocking nature of the panels and the lack of attachment means for
supporting an individual panel against the sewer wall.

35 United States Patent No. 5,190,705 discloses a method for lining large-diameter pipes
comprising the steps of supporting a tubular lining within the pipe by using supporting props,
injecting a hardenable mass into a space between the liner and the inside pipe wall surface,
allowing the hardenable mass to cure, removing the props, and repeating the cycle for the
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simul taneously to that section of the liner that is expanded agai nst the
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There is, therefore, provxded in practlce of this invention a device for surfacing or
rehabilitating structures comprising a flexible liner formed from a resilient material that is
20 preferably chemical and/or corrosion resistant. The liner has a back side surface that
includes a number of ribs that project outwardly a distance away from the liner and that are
located positioned at repeating intervals. The ribs each have -an enlarged profile that is
configured to provide a strong mechanical lock with an intermediate adhesion layer or
carrier apphed to a surface portion.-of the underlying substrate in need of surfacing or
25 rehabilitation.
The flexible lmer is mstalled to surface or rehabilitate a structure by applying a
" thickness of the carrier to the wall section of the underlying substrate in need of repair,
positioning  the back side surface of the liner adjacent the carrier, and pressing the liner
against the carrier so that the ribs are inserted and completely covered by the carrier. The
30  carrier is formed from a resinous material that has good thixotropic properties, thereby
allowing the user to release the liner after pressing it against the carrier. The carrier is
formed from a material that displays good chemical and/or corrosion resistance when cured.
The carrier cures to form a strong bond with the surface of the underlying substrate but not
with the back side surface of the liner. The ribs are disposed within the carrier and are
35 mechanically locked therein by curing action of the carrier.
The flexible liner of this invention allows for.the. - surfacing or rehabilitation of
structures other than pipes that have a number of different geometries and sizes. The carrier
of this invention allows for the installation of the liner without the need for external
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Detailed Description:
FIG. 1 illustrates a protection or rehabilitation device as constructed according to
principles of this invention in the form of a flexible liner 10. The flexible liner is configured
25 in the shape of a flat sheet formed from a resilient material. FIG. 1 illustrates only a section
of the flexible liner 10 for purposes of reference and clarity. It is to be understood that the
flexible liner may be configured in the form of a sheet having a dimension that is dictated
by the particular application. It is desired that the flexible material be formed from a
material that displays good chemical and corrosion resistance due to the formation acid
30 species within sewer pipes during use. The acid species are formed from hydrogen sulfide
gas (H,S), that is emitted by sewage carried by the pipes, that combines with water to form
sulfuric acid (H,SO,). Because the H,S gas exists mainly along the top portion of the sewer
pipes, the acid species that is formed also collects along the top portion of the sewage pipe,
resulting in corrosion damage along 90 to 360 degrees of the pipe. It is, therefore, desired
35 that the flexible liner be made from a corrosion resistant material so that, when installed
within the pipe, it can act to protect the pipe top portion from. further corrosive damage.
Suitable materials for forming the flexible liner include thermoplastic polymers such as
polyvinyl chloride (PVC), polyethylene (PE), and polypropylene (PP).
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o the SampBfied Bhe Hirku, 1uis &stf M me REnTEFiCe bt Mioouted ¥ IR0 e
such un@fersghh gnmcggpshydrauhc characteristics of the underlying substrate. The flexible
15 liner 10 has a back side surface 14 that includes a number of ribs 16 that each project -
. outwardly a distance away from the back side surface. The nbs 16 are positioned at
. repeating intervals along the back side surface 14-of the liner and are configured having an
enlarged profile 18 at an end portion that facilitates a mechanically locking engagement with
" an intermediate adhesion layer or carrier that is applied to the substrate surface, as will be
20 discussed in detail below. .-Accordingly, the primary purpose of the ribs is to provide a
mechanically locking engagement with the carrier, rather than to provide an offset from a
surface portion of the underlying substrate. In a preferred embodiment, the ribs are spaced
apart at approximately 63.5 millimetei'-(2-1/2 inch) intervals. Although'the flexible liner has
| been described and illustrated having a specific thickness and rib placement interval, itisto
25 be understood that the liner thlckness and placement of the nbs may vary accordmg to each
particular application. _
In FIG. 1, the flexible liner 10 is illustrated havmg ribs 16 having an enlarged profile
18 conﬁgured in the shape of a solid arrow having a pointed end portion and flared edge
portions. (as best shown in FIG. 2) to both facilitate insertion within the carrier and retention
30  of the rib within the carrier after being inserted to form a strong mechanical lock therewith.
The ribs 16 can also be configured: having differently shaped enlarged profiles 18 such as
those shown in FIG. 3a (a hollow arrow shaped profile 20), FIG. 3b (a hollow circle shaped
profile 22), FIG. 3¢ (a "T" shaped profile 24), and FIG. 3d (a right angle or sheep leg
. shaped profile 26). It is to be understood that the rib configurations "specifical,ly described
35  above and illustrated are intended to be representative of the different ways in which the ribs
' may be configured for purposes of reference and clarity only and, therefore, are not meant
to be limiting. For example, the ribs 16 may have enlarged profiles 18 configured having
a square, rectangular, or triangular shape. In a preferred embodiment, the ribs 16 have an
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when i @8t al |esebodiment, the pmtm Qire OF hardcmnoraplete!b ap roQms demperatuye p(anGb in
portion fromppiisifalely e KotrY THéaMRIRaction of the carrier is exothermic and is influenced by

the ambient temperature. Therefore, it is to be understood that the cure rate of the carrier
will vary depending on the ambient temperature. '

. It is desired that the carrier cure to form a strong bond with the surface of the

25 substrate but not with back side surface of the flexible liner so that the only mechanism

retaining the flexible liner against the carrier is the mechanical lock that is formed between

the ribs and the carrier. Although it is desired that the flexible liner adhere to the carrier |

~-upon initial contact, to eliminate the need for temporary structural support or props, the

formation of a bond between the carrier and the flexible liner back is not desired so that the

30 flexible liner can remain flexible with respect to and independent from the adjacent wall

surface. This eliminates the possibility of the flexible liner cracking or tearing as a result

of cracks that develop in the substrate 24 and that are transmitted from the wall portion 32

‘to the carrier 36. Constructed in this manner, the flexible liner 30 is better able to protect
against fluid or gas leakage from the pipe due to the development of such pipe cracks.

35 Additionally, the flexible liner is better able to prevent ingress of ground water into the pipe -

due to the development of such pipe cracks in applications where the pipe is buried at a depth

equal to or below the ground water level. In such cases the ground water passing through

the cracks in the pipe is trapped between the pipe wall section and the back side surface of
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Suitable materials for formng the flexible liner include thernoplastic

pol ymers such as pol yvinyl chloride (PVC), polyethylene (PE) and.
pol ypr@isagss( PP) . - WD 96/18492
PCT/ US95/ 16120 A preferred flexible |indF iy have a !
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snoot h extendér.t However, it is to be anderstoad that theaatridrivan by preparédcarmiised tdithoust i CS

f th t d
Sur  ac i SERr 1P aRMte], K Diicull 5 prvEHeR el is mantadiifed v Mo PrbAE °! ¢
“out war dif\ban Riege Lialifornigunder the praduds aumber 812%5ur f ace. The Tibs 16 are

~ pesitioned §G. 5111usme§a&eaidmwﬂexxwlﬁxeassagntnbaedagqimwaawiﬂuﬁfa 14 of

¥
end porD] BARPR . pafNat adi B Hiek ol sertion 407 08 HalE iiunn g By i
an i nt eleaped and thenh ﬁsmmnssaryy ebutlbup tauits odginahwall ithickness ble@pplwmgmosalbelt rate
sur f ac @thedSsuitable dOficrete patch material. The intermediate adhesion layer or carrier 44 is
applied to the wall section. The thickness of the applied carrier should be sufficient to
20 accommodate the complete length of the ribs 46. The carrier 44 can be applied by
conventional application techniques such as by hand application using a trowel and the like,
or by pump application. Once the carrier is applied and adhered to the wall section 42 the
liner 38 is placed with its back side surface 48 adjacent the carrier and is pressed against the
carrier so that the ribs 46 projecting from the back side surface of the flexible liner are
25 inserted into the carrier. :
. Alternatively, the carrier 44 can be apphed to both the wall section 42 and the back
side surface of the flexible liner 38, thereby ellmmatmg the need to press the liner against
~ the carrier to cause the ribs to enter the carrier. However, it is still necessary that the liner
be pressed to some extent against the carrier on the wall section to ensure contact between
30  the two adjacent carrier portions. Once the fléxible liner is pressed into the carrier, the
thixotropic qualitiés of the carrier serve to hold the liner into place, allowing the user to
release the liner after being pressed into place and ehmmatmg the need to use external
supports, forms, or props and the like.
_ The flexible liner and method for applying the same can be used to surface or
35 rehabilitate an entire circumferential wall section of a damaged pipe (as shown in FIG. 4) or
~ can be used to repair only a discrete section along the pipe wall.  The flexible liner can be
-configured in the size needed to accommodate a particular surfacing or rehabilitation
application from one sheet or from a number of smaller liner sheets that are either joined
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20" di scussed in detail below. Accordi ngly, the primary purpose of the
ribs is to provide a mechanrg:al Iy t-ocki- ‘ngrengagement with the
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ways in which the ribs may be configured for purposes. of reference
and clarity only and, therefore, are not neant to be limting. For
exanple, the ribs 16 may have enlarged profiles 18 configured having

a square, rectangular, or triangular shape. In a preferred enbodi nent, the

ri bs 1@&shave an WO 96/ 18492
PCT/ US95/ 16120 enl arged profile 18 configured in the shape of a
solid arrow, as shown in FIGS. 1 and 2. In a preferred enbodi nent,

each rib 16 projects outwardly away fromthe back side surface
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14 a distance of approximately 9.5 mllineters (3/8 inch).
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will vary dépendTlT?g e¥ice A% reqitsd ot claighdeWhergio the ribs are configured hayigg desi r ed
t hat t lealagged pxeﬁlmleeteﬁcfrdmtha grosp oD gepnietricl shapedicdnsistinglof Aacarev, 4 biecleS
substr gt hit: nqt.. %&Q}g@ﬁ de surface of the flexible liner so that the
only nechani ém ainrng the flexible liner against the carrier is
t he nechanical lock that is formed between the ribs and the carrier.

Akbhough it4js dHwi devdce bateciteé ih Ictaiinbl @vﬁereiﬁrthaﬁkhezmedﬁanetabﬂesﬁmrayar is
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surface. This elimnates the possibility of the flexible liner cracking or

tearing as a result of cracks that develop in the substrate 24 and’
tR&t are transmniTheedeviceoas xenitedvinl Clajmrlt whereitthe liner is formed from a resilient

chemically resistant material selected from the group of thermoplastic polymers consisting
of polyvmyl chlonde polyethylene, and polypropylene.

_ 6. A device for surfacing or rehabilitating concrete structures comprising:

30 a flexible liner formed from a sheet of resilient chemically resistant material, wherein
the liner has a back side surface comprising a number of ribs that project outwardly a
distance away from the back side surface;

an intermediate adhesion layer interposed between a surface of the concrete structure
and the back side surface of the liner, wherein the intermediate adhesion layer cures to form

35  a strong bond with the surface of the concrete structure but not with the back side surface

- of the liner, wherein the ribs are disposed within the intermediate adhesion layer, and
wherein the ribs have an enlarged profile configured to form a mechanical lock with the
intermediate adhesion layer upon curing. :

Sheet Has Been Reﬂlaced =10-

R A




to the carrier 36. Constructed in ' | exible liner 30 is
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conmbining a phenol’, su as ep orohydrin and Bi sphenol
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spher es andPTapé for R‘%PPOUS ‘-‘omeilﬁé @W@ﬁ’&g the §tepse@fir ed for econonic reasons,
to decrease the applying amimerniedite aditesiondayeritaackunface paﬁbﬁnﬁrthe bthadtures

needed to cover SR%WF lbﬁék %{ﬁtﬂ%oflg ﬂexlbi) nﬁér % ﬁle E%@dxg}ea dgxesion
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partlcul ar repalr erre extender 1S |n e f

spheres, anuyar,pquremrtbqbecacr sidesurfacy of the lines includesa mmlyé of wribs that each prajert
per cents by wm&bdlyadxstanceea@ fiomm thElGierer , it |s to be understood that the

carrier can .be pre are dvmtho xte I s des
particularly pr EPIE Siptﬂbi? P %ﬂﬁ#@& nlﬂ’?fcfﬂc?f"gse t'he rﬂas to
enter and be surrounded by the mtermedxate adhesion layer and
forming a mechanical lock between the ribs and the intermediate adhesion layer.

20 10. A method as recited in claim 9 comprising applying an intermediaie adhesion
layer that is strongly adhesive to retain the flexible liner after being pressed agamst the
intermediate adhesmn layer without use of external supports.

11. A method as recited in claim 10 comprising applying an intermediate adhesion
25 - layer that when cured forms a strong bond with the surface portion of the structure but not
with the back side surface of the flexible liner.

12. A method as recited in claim 9 comprising forming a mechanical lock between

- the intermediate adhesion layer and end portions of the ribs that are configured having an

30 enlarged profile to resxst outward travel from the adhesion layer and facilitate formation of
the mechanical lock.

13. A method as recited in claim 9 comprising forming the mechanical lock between
the ribs and intermediate adhesion layer by action of the intermediate adhesion layer curing.
35 ' - o S .
14. A method as recited in claim 9 comprising applying the intermediate adhesion
layer in a thickness equal to or greater than the distance that the ribs project from the liner
to ensure that the ribs are completely surrounded.
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19. . A method for repairing a structure comprising the steps of:
applying an intermediate adhesion layer to a surface portion of the structure;
placing a surface portion of a flexible liner against the |
Jintermediate layer so that ribs projecting outwardly away from the surface enter and are
25 completely encapsulated by the intermediate adhesion layer, wherein each rib is configured
with an end having an enlarged profile, and where the intermediate layer and surface portion
of the flexible liner are adapted to temporarily adhere to one another upon initial contact;
- forming a mechanical lock between the ribs and the intermediate adhesion layer by
30 action of the intermediate adhesion layer curing, wherein the surface portion of the liner is
positioned adjacent the intermediate adhesion layer and is not adhered thereto by curing.

20. A method as recited in claim 19 comprising applying the intermediate adhesion
layer in a thickness equal to or greater than the distance that the ribs project from the liner
35 to ensure that the ribs are completely encapsulated.
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or rehabilitatin@i. A methodGisetiefitelulis tlalh €9, comprisings éorating a e micallyt fesistant

like, it is ' - f i L6 n AR - HES: .
thi's i nvent iAoy O G AR SHAEE pdrfn or BB by pbth R an iR Safsion
struct ures agyenchaving ehemieallyr tesigtantpropenties aftersaming. st r uct ures.

Al though limted enbodi nents of the device and nethod for surfacing or

rehabilitating structures .hgve been descri.hed her.ei ma .

o 11 Sat {one and2ar AR 25 TPrisl o sy L eormpristig fone du Hegiapicallgck by
the art. Accourihignheé yntermediate adhdsionuaybrras ambitnt kemperatitenfon approxsnasgly one hoae
10 appended cl ai ns, the device and nethod for surfacing or

rehabilitating structures nay be enbodi ed. ot her an as speci fjcal]
descri bed her gi n23. Ajmethod s regited in claim 19 compris?ng repa%nr_}xg a Structlire w{thout the’

use of external support to hold the liner into place during the steps of placing the liner
10 against the intermediate adhesion layer, and forming a mechanical lock.

15
20
25

This Sheet Has Been Replaced
, [T
35

13

- * . C L M s * :



PCT/US95/16120

FIG.T

N
EOS

-

.
W




Novenber 6, 1996 MWhat is Clained is: 5 1. A devi ce

" for surfacing or rehabilitating a structure for containing or transporting

fluid, the device conprising: : a flexible IRCRAPSHASRRI from a
sheet ofwoeeisd2nt nmaterial, wherein the |liner conprises a back

- side surface having a nunber of ribs that project outwardly a distance away

fromthe liner; 10 an i nternedi ate adhesi on | ayer

i nt er posed between a surface of the #$5ructure and the back side

surface of the liner, wherein t ipt diay e adhesio Eéayer cures to form
a strong bond with the j@:‘a t uct ur
back side surface of the sheet fa . int

ut not with the
ri bs are di sposed.

wi thin the internedi ate adhesion | ayer. 2. The devi ce as

recited in claim1 wherei he ribs are/sonfiguredrhaving an 15 enl ar ged
- profile that facilitates . |l ock with the

i nternedi ate adhesi on | ayer | Ng 3. The

- enlarged profile selected fromtheg

an arro, a circle, a sqwﬂ’!
4, The device as recited in clI\dl m
| ayer is formed froma re¥ 1l that adheres the surface
of the structure and | ocks with back side surface of the liner,

and cure at roomtenperature in the pregengel of noisture to form a
chemcally resistant protective | ayer surface of the structure. -

et ri-c shapes consi sting of

% i ght angle.
74 i nt er nedi at e adhesi on

14
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5. The device as recited in claim1 wherein the liner is fornmed froma

resilient chemcally resistant material selected fromthe group of

t her nopl astic polynmers consisting 30 of pol yvi nyl. chPOT/U825/16120 _
- pol yet hoA¢48493nd pol ypr opyl ene. ' 6. A devi ce for surfacing

or rehabilitating concrete structures conpri sing: a flexible.

liner formed froma sheet of resilient chemcally resistant material,

wherein the liner has a back $i/8e surface conprising a number of

ribs that project outwardly a di stance away fromthe back side

surface; an internedi ate adhesion | ayer j @t erposed between a

surface of the concrete structure and the back sie surface of the

| iner, wherein the internedi at n yer cures tpo form a _
strong bond with the surfaceF ﬁncr tructu e but not with the
. back side surface of t Aibs are disposed within

the i nternedi ate adhesi on | ayer, -and
wherein the ribs have an enlarged profile confl

venmber 6, 1996
ured to forma nechani ca

|l ock with the i di ate adhesion layer upon curing. 5
7. The device as recited iR claim6 wherein the Liner is formed from
resilient mat eri o] f thernoplastic

pol ymers consi sting of ppl Wi hi

pol ypr opyl ene. g
wherein the internedi at e —adfresion 1

| yet hyl ene, and
ited inclaim?7

14

f////// 77 777]

Z////////////



e '
. formed froma resinous material that is strongly adhesive to the surface of
the structure and t he back side surface of the liner, and cures at
~roomtenperature in the presence of noisture to pefmses e cally
‘resi st aWO96A84%cti ve | ayer on the surface of the structure.
9. A nethod for surfacing or rehabilitating a structure w thout using
fornms or props for support, the nethod conprising the steps of:
appl ying an internedi ate adhesion |&fer to a surface portion of the
structure; positioning a back side surface of a flexible
| i ner against the internediate adhesion | ayer, wherein the back
side surface of the liner includes a nunber of ribs that each project
outwardly 20 a distance away fromthe |iner; pressing the
flexible liner against the internedi ate adhesion |layer to cause the ribs to
ent er and be surrounded by the internedi at'e adhesion |ayer; and
form ng a mechanical |ock between the ribs and the internedi ate adhesi on.
| ayer, wherein the internedi ate adhesion |layer is adapted to forma
strong bond with the surface portion of the- 25 structure but not with
t he back side surface of the flexible liner when fully cured.
10. A nethod as recited in claim9 conprising form ng a nechani cal | ock

bet ween the internedi ate adhesion | ayer and end portions of the
ribs that are configured having an : enlarged profile to resist
outward travel fromthe adhesion |ayer and facilitate formation of

t he nechani cal |ock. 30 11. A nethod as recited in claim?9
conprising form ng the nechanical | ock between the ribs and

i nternedi ate adhesion | ayer by acti onTFTrI'Qe nt er mredi at e adhesi on | ayer
curing. 35 12. A nmethod ffor® Sutfaacing or rehabilitating a

structure conprising the steps of: applying an internediate
adhesion [ayer to a surface porti.on_g ) - ture;

inserting ribs that project frogma back sidesurface~Qf a flexible |iner
into the




iinternedi ate adhesion | ayer, wherein the ribs are configured having end

portions with an enl arged profile to facilitates retention of the
Lribs wt b% }llgé i ntermedi at e adhesi on | ayer; PCT/US95/16120
© AMTENDEDY OSFg42% Noverber 6, 1996 ~forming a

strong bond between the internedi atg d@dResion | ayer and the surface portion
of the structure but not to the back side surface of the liner by action of

the internediate adhesi on | ayer curing; and form ng
a nmechani cal |ock between the ribs and the internedi ate adhesion | ayer by
action of the internedi ate adhesion |ayer curing. : 13. A
met hod as recited in claim 12 conprising applying an internedi ate adhesi on
10 | ayer that is strongly adhesive to retain the liner in place against
t he i nternedi at e adhesi on | ayer without use of external supports
after the step of inserting the ribs. ‘ 14. A nethod as

recited in claim12 conprising formng a chemcally resistant




ViU 7 /7 4V + L

protective layer on the surface portion of the structure by!FM%g@ﬁ‘lhov 199

I ntermedi ate adheS| on | ayer having chemically resis i es
after gurlng 15. A nethod for repairing a structure
conpri $i ng Nayember 6199601 : appl yi ng an internedi ate adhesi on

| ayer to a surfaqe qQrtion of the structure; pl aci ng a
surface portw&? & edih) e | i ner against the 20 i ntermedi ate | ayer so

that ribs projecting outwardly away fromthe surface enter and are

conpl etely encapgul at Wk [ [ el .
rib issconfi ureg gddep tf&sugf%@%?géaw ‘&%ﬂg?@ ar %Fﬁ?ﬁﬁﬁ%rgﬁ%%
t he i nt er mrediuidetheale¥ice pompsisingace portion of the flexible liner
are adapted to tarﬂeﬁwm& faﬁﬁarﬁommoamﬁﬁm MR@fial, rwﬁelrah tH@ﬂhéiCéompnses

d 2 h h
i er e at @ o S8 g b of S i i St o e S i o

| ayer curindinemherein the surface portion of the i ner S posi tioned
adj acent the int rﬂ@hﬁédza Qﬁggl [ Y.
curinglQ h 8% &ﬂlag&yﬁﬁe n c alm ggfwgﬁ%‘lﬁ and the

reci |
forming a crhapk sige syrface Of the liger, wherein mrwpgla@ adhesion lyyex ﬁ'eregmf%a strong
portion of tHoadSwith elicisuzfdey of theé ytrmu:erbut o€ withcthe bacleside susfice of the shbayaﬁd

mot hod as. r sireil f R P lisBORB M ik Einetl? esion et cot 1ock by

curing the internedi ate adhesion | ayer at anbi'ent tenperature for
approxi matel y 0”2 hourhe dévice as recxted in claifB1 wierém! the tibaSare Qonfigerel Thaviny i

support o RnEh arotlh ofac e i e lein pR8 rrtpuiont REk eé*ﬁp@é"‘r'meﬂ@re

agai nst t he adh¢siomiagerupomncliring. on Iayer and form ng a nechani cal | ock.

3. The device as recited in claim 2 wherein the ribs are configured having a
20 enlarged profile selected from the grdup of geometric shapes consisting of an arrow, a circle,
a square, a "T", and a right angle.
4.  The device as recited in claim 1 wherein the intermediate adhesion layer is
formed from a resinous material that adheres the surface of the structure and locks with back
~.25 side surface of the liner, and cure at room temperature in the presence of moisture to form
- a chemically resistant protective layer on the surface of the structure.

5. The device as recited in claim 1 wherein the liner is formed from a resilient
chemically resistant material selected from the group of thermoplastic polymers consisting
10 of polyvmyl chloride, polyethylene, and polypropylene

6. A device for surfacing or rehabilitating concrete structures comprising:

a flexible liner formed from a sheet of resilient chemically resistant material, wherein
the liner has a back side surface comprising a number of ribs that project outwardly a
distance away from the back side surface;

| an intermediate adhesion layer interposed between a surface of the concrete structure
and the back side surface of the liner, wherein the intermediate adhesion layer cures to form
a strong bond with the surface of the concrete structure but not with the back side surface
of the liner, wherein the ribs are disposed within the intermediate adhesion layer, and
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|
WO 96/ 18492 ' "‘EN § 1 .
PCT/ US95/ 16120 1 21. A nmethod as recited in clai mUl 36 'NOV 1996
cogprising formng a chemcally resistant . protective |ayer on the

surfacé porNdvembeo$, 199 structure by applying an internedi ate adhesion

| ayer having chemcally resistant properties after curing. 5
22. A met howhersin thei tibsdhave an enlarged profilerdonfigyreidorfiory a mechanidad iockawith ahé

by CYhieRGedilR ddREG6I Bl @g,n%fg‘"on | ayer at ambient tenperature for
approxi mately one lE%ur. po 3. A nethod as recited in claim19
conpriging repairing a structure wthout the use of external support

to hold the |inef. intThedeviee dsirechedtineclaitre fswhereinl the liv@r tié dodmedefrofDresilient
against t he b Skl idp bPURFmogtafic pBlyHedd oSnsiBRGY ¥ poRiviry hioride,
polyethylene, and polypropylene. : _

8. The device as recited in claim 7 wherein the intermediate adhesion layer is
formed from a resinous material that is strongly adhesive to the surface of the structure and
the back side surface of the liner, and cures at room temperature in the presence of moisture
to form a chemically resistant protective layer on the surface of the structure.

10

9. A method for surfacing or rehabilitating a structure without using forms or props
for support, the method comprising the steps of:
applying an intermediate adhesion layer to a surface portion of the structure;
positioning a back side surface of a flexible liner against the intermediate adhesion layer,
wherein the back side surface of the liner includes a number of ribs that each project outwardly
20 a distance away from the liner; | |
pressing the flexible liner against the intermediate adhesion layer to cause the ribs to enter
and be surrounded by the intermediate adhesion layer; and
| forming a mechanical lock between the ribs and the intermediate adhesion layer, wherein
the intermediate adhesion layer is adapted to form a strong bond with the surface portion of the

structure but not with the back side surface of the flexible liner when fully cured.

15

10. A method as recited in claim 9 comprising forming a mechanical lock between
the intermediate adhesion layer and end portions of the ribs that are configured having an
enlarged profile to resist outward travel from the adhesion layer and facilitate formation of

30 the mechamc‘:al .lock.

11. A method as recited in claim 9 comprising forming the mechanical lock between
the ribs and intermediate adhesion layer by action of the intermediate adhesion layer curing.

12. A method for surfacing or rehabilitating a structure comprising the steps of:

applying an intermediate adhesion layer to a surface portion of the structure;

inserting ribs that project from a back side surface of a flexible liner into the
intermediate adhesion layer, wherein the ribs are configured having end portions with an
enlarged profile to facilitates retention of the ribs within the intermediate adhesion layer;

o
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forming a strong bond between the intermediate adhesion layer and the surface portion
of the structure but not to the back side surface of the liner by action of the intermediate
adhesion layer curing; and _ _

forming a mechanical lock between the ribs and the mtermedxate adhesion layer by
action of the mtetmedlate adhesion layer curing.

13. A method as recited in claim 12 comprising applying an intermediate adhesion
layer that is strongly adhesive to retain the liner in place against the intermediate adhesion
layer without use of external supports after the step of inserting the ribs.

14. A method as recited in claim 12 compnsmg forming a chemlca.lly resistant
protective layer on the surface portion of the structure by applying an intermediate adhesion
layer having chemically resistant properties after curing.’

15. A method for repairing a structure comprising the steps of:

applying an intermediate adhesion layer to a surface portion of the structure;

placing a surface portion of a flexible liner against the
intermediate layer so that ribs projecting outwardly away from the surface enter and are
completely encapsulated by the intermediate adhesion layer, wherein each rib is configured
with an end having an enlarged profile, and where the intermediate layer and surface portion

- of the flexible liner are adapted to temporarily adhere to one another upon initial contact;

and
~ forming a mechanical lock between the ribs and the intermediate adhesion layer by

action of the intermediate adhesion layer curing, wherein the surface portion of the liner is
positioned adjacent the intermediate adhesion layer and is not adhered thereto by curing.

16. A method as recited in claim 15 comprising forming a chemically resistant
protective layer on the surface portion of the structure by applying an intermediate adhesion
layer having chemically resistant properties after curing.

17. A method as recited in claim 15 comprising forming the mechanical lock by
curing the intermediate adhesion layer at ambient temperature for approximately one hour.

18. A method as recited in claim 15 comprising repairing a structure without the
use of external support to hold the liner into place during the steps of placing the liner

| against the intermediate adhesion layer, and fonnmg a mechamcal lock.
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