EP 2 336 455 A1

(19)

(12)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 336 455 A1

EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) IntCl.
22.06.2011 Bulletin 2011/25 E04G 23/022%06.")
(21) Application number: 09386037.7
(22) Date of filing: 14.12.2009
(84) Designated Contracting States:  Kourtidis, Vladimiros
AT BEBG CH CY CZDE DK EE ES FIFR GB GR 54006 Thessaloniki (GR)
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO SE SI SK SM TR (72) Inventors:
Designated Extension States: * Manos, Georgios
AL BA RS 54006 Thessaloniki (GR)
+ Katakalos, Konstantinos
(71) Applicants: 54006 Thessaloniki (GR)
 Aristotle University of Thessaloniki * Kourtidis, Vladimiros
54124 Thessaloniki (GR) 54006 Thessaloniki (GR)
* Manos, Giorgios
54006 Thessaloniki (GR) (74) Representative: Petsis, Christos
* Katakalos, Konstantinos 4-6, Kyparissias
54006 Thessaloniki (GR) 542 49 Thessaloniki (GR)
(54) Construction systeme for strengthening an existing structure with tension sheets and a
respective anchoring device and method therefore
(57) Construction system (5+6) for strengthening an provided in the direction of extension of said existing

existing structure (5) with tension sheets (3) made of FRP

structure (5) and a respective anchoring device (4).

|

N R e R R

1
>

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 336 455 A1 2

Description
FIELD OF THE INVENTION

[0001] The present invention relates to a construction
structure or system with strengthening anchoring device
in a construction for strengthening same, actually in the
industry of strengthening existent structures.

BACKGROUND OF THE INVENTION

[0002] At first, existing old structures, like bridges,
buildings, silos, need strengthening in order to sustain
the increasing demand loads or new design codes. In
addition, some of the existing structures are deteriorated
due to their age or environmental conditions resulting in
that they need strengthening as well.

[0003] Many so-called R/C Reinforced Concrete struc-
tures need strengthening because they were built ac-
cording to old seismic codes, thereby not meeting the
requirements of new codes. The reason may also be that
they are damaged after a strong earthquake sequence.
One of the basic parameters of strengthening using so-
called FRP -fiber reinforced polymer- layers externally,
is the efficient anchorage of these polymer sheets to the
concrete parts for the desired transfer of the tensile forces
that develope on these layers. Thus the satisfactory be-
haviour of the anchorage scheme becomes very impor-
tant since said FRP layers can withstand by themselves
a high level of tensile forces. An effective anchorage of
the FRP layers can be used to exploit the strengthening
potential of such FRP layers and to prevent the neutral-
ization of the FRP layers strengthening contribution that
would result from the premature failure of their anchoring.
[0004] Besides, structural members such as walls,
beams or columns, in buildings or bridges, or other struc-
tural systems are often required to resist uplifting tensile
forces and bending moments resulting from overturning
actions caused by loads imposed on the structure due
to its occupancy or external environmental actions, es-
pecially from the lateral loads of strong wind and earth-
quakes. There is a large inventory of old infrastructures
that require repair or strengthening, rehabilitation or ret-
rofit to restore or enhance their load carrying capacities
to a required performance level, in order to ensure their
safe use and operation.

[0005] A practical and promising means to increase
the tensile load or bending moment capacity of a struc-
tural member consists in adding external surfaced bond-
ed reinforcing materials thereto. Thin steel plates or
sheets were used for this purpose in the past. More re-
cently since the 1990s, FRP sheets have been proved
to be an attractive alternative to steel plates. The FRP
alternatives are typically of the types of carbon (CFRP),
glass (GFRP) or aramid (AFRP) fiber reinforced poly-
mers. Even more recently, steel reinforced polymers
(SRP) have been introduced as a further alternative ma-
terial type. All material types above have the advantages
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of high strength, light weight and excellent corrosion re-
sistance compared to conventional reinforcing steel.
[0006] The strengthening of a structure by means of a
FRP reinforcing device may consist in bonding FRP
sheets to the surface of the structural member by apply-
ing epoxy or other adhesives. (=ET?!)At the boundaries
of the structural member to its supporting member or
foundation, the load carried by the FRP sheets must be
transferred safely to said supporting member or founda-
tion. Consequently, an anchoring device is incorporated
in order to transfer this load suitably for insuring the ef-
fectiveness of the strengthening system.

[0007] Itis generally referred hereinafter to AClI Com-
mittee 440 (2001) "Guide for the design and construction
of concrete reinforced with FRP bars" ACI 440.1 R-01,
American Concrete Institute, Farmington Hills.

PRIOR ART

[0008] In the past, anchoring devices were yet intro-
duced for the aforementioned purpose. A well known an-
choring device consists of an L-shaped angle anchor,
wherein thefirstlegis parallel to the FRP reinforced struc-
tural member and the other leg is parallel to the surface
of the supporting element. The FRP sheet is wrapped
around the outer surfaces of both legs. Reference is
made here to Hall et al. Il "Ductile Anchorage for Con-
necting FRP Strengthening of Under-Reinforced Mason-
ry Buildings" in Journal of Composites of Construction,
ASCE, February 2002, 3-10. The main disadvantage of
this anchoring device is focused on the eccentricity be-
tween the loading direction and the hold down of the L-
shaped angle. Indeed, it generates a large out-of-plane
distortion of the FRP sheet from its loading plane, which
finally leads to a reduced load carrying capacity of the
strengthening scheme, especially under cyclic load load-
ings.

[0009] Another drawback of retrofitting using FRP is
the problem caused by debonding of the FRP sheet from
said supporting member or foundation. First reference is
made to Nanni et al. "Anchorage of Surface Mounted
FRP Reinforcement" in Concrete International: Design
and Construction, Vol. 21, No. 10, October 1999, pp. 49
54 with his attempt to employ a U-shaped anchor in order
to prevent such debonding in beams reinforced with FRP
sheets. The desired achievementis to develop anchoring
force in the U-anchor by embedment of the FRP sheet.
For this purpose, viscous paste is used to fill the groove.
However the viscous paste may not be strong enough to
hold the FRP sheet.

[0010] Finally, a technique was developed to improve
the debonding of the FRP sheet from the concrete sur-
face. This technique called Near Surface Mounted (NSM)
uses small metallic or non metallic bolts. Reference is
made to Ekenel M et al "Flexural Fatigue Behavior of
Reinforced Concrete Beams Strengthened with FRP
Fabric and Precured Laminate Systems" in Journal of
Composites of Construction, ASCE, September/October
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2006, 433-442, respectively Eshwar et al. "Performance
of Two Anchor Systems of Externally Bonded Fiber-Re-
inforced Polymer Laminates" in ACI Materials Journal,
Volume 105, No. 1, January-February 2008, 440.2R. The
major disadvantage of that technique is that it cannot be
used or it does not have a good behavior when it is used
to strengthen joints in order to upgrade their flexural ca-
pacity.

OBJECT OF THE INVENTION

[0011] There is thus a need for incorporating an im-
proved anchoring device or system providing safety and
trust in the load transfer mechanism, which the present
invention aims at to provide with.

SUMMARY OF THE INVENTION

[0012] Forthis purpose, itis proposed according to the
present invention a constructive arrangement consisting
of a construction structure as defined in main claim 1,
thereby comprising at least one structural member, resp.
support element connectively cooperating with each oth-
er, further comprising at least one anchoring device,
wherein said structural member is supported on said sup-
port element by its bottom surface, its adjoining lateral
surfaces extending therefrom along a longitudinal axis
thereof. Said construction structure is remarkable in that
it further comprises sheet means for securing said mutual
connectively cooperation between said structural mem-
ber and said support element, which is delimitated by a
bottom resp. opposite top side and a pair of lateral sides
and which has at said top side, and bonding means for
bonding said sheet means at its top end onto said active
lateral surface of said structural member so that said
sheet is connected with said structural element, on the
one hand, and wherein said sheet means is connected
at its opposite bottom end to said structural element by
actively cooperating with, on the other hand, by means
of said anchoring device. The latter consists of a holder
means extending at least over the whole bottom side of
said sheet and of fastening means for anchoring said
holder means to said support element, in order toimprove
its resistance by resisting additional forces.

[0013] In addition, said sheet means is connectively
cooperating with said structural support element in order
to transfer the additional forces onto said structural sup-
port element. Said additional forces are essentially ten-
sile forces that are all directed in one single direction
which is oriented longitudinally defined as the length di-
rection of said sheet, wherein said holder means is lo-
cated substantially in a tangent plane of the sheet bottom
edge.

[0014] There is thus provided thanks to the invention
an anchoring device, wherein firstly said sheet is bonded
onto the structural member of said constructive arrange-
ment in order to improve its resistance by resisting addi-
tional forces, and secondly anchored to a structural sup-
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port element thereof in order to transfer the additional
forces onto said structural support element. The devel-
oped forces are transferred from the bonded sheet to the
supporting member, such as a foundation, in a safe and
easily predictable manner. Remarkably, said shaft
means of the anchoring device is extending substantially
in a plane of the sheet, which allows improving the re-
sistance of the construction structure which thus gets re-
inforced thanks to the invention. The anchoring device
is thus used for strengthening applications, like transfer-
ring new forces due to the strengthening scheme.
[0015] According to an advantageous embodiment of
the invention, said anchoring device is arranged in an
elastically and plastically deformable bonding assembly
with said sheets resulting in that said device has an elas-
tic-plastic behaviour. Thanks to this, the stress distribu-
tion in said device and in said sheet in the working situ-
ation is significantly better than the stress distribution in
said device and in said sheet immediately after its instal-
lation on said construction structure. According to this
embodiment, the stress is distributed over the whole de-
vice and sheet, so that the stress differences are smaller,
and thus the maximal values of stress are smaller as well.
[0016] The anchoring device included inaconstruction
system according to the invention thus allows combining
the two characteristics to secure anchoring of the
strengthening scheme and of its elastic-plastic behav-
iour, thus defining a so-called Hybrid Anchoring Device
abridged hereinafter as "H.A.D."

[0017] According to a particular embodiment of the in-
vention, said holder means of the anchoring device con-
sists of a shaft preferably a cylinder, thus allowing said
sheet means to be wrapped around said holder means
smoothly and fairly uniformly.

[0018] According to an advantageous embodiment of
the invention, said sheet is thus wrapped around said
shaft with a solid section or consisting of a tube with a
circular outer surface, in particular arranged horizontally,
i.e. extending substantially in parallel to said support el-
ement, and having its said fastening means provided
along the longitudinal axis thereof.

[0019] According to a further particular embodiment of
the invention, said fastening means consist in lock-down
fixation means provided at each end of said holder
means, more particularly a vertical anchor bolt or cylinder
rod e.g. of steel, mounted through the centre thereof,
which is held securely by said lock-down means which,
inturn, is embedded oranchored in the structural support
member.

[0020] According to a still further particular embodi-
ment of the invention, said bonding means consist of a
bonding strip, in particular extending in parallel to said
holder means.

[0021] According to a preferred embodiment of the in-
vention, said sheet means is a reinforcement sheet, in
particular made of a fiber reinforced polymer.

[0022] According to a further preferred embodiment of
the invention, said fibers are carbon, glass or aramid fib-
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ers.
[0023] According to an alternative embodiment of the
invention, said fibers are steel fibers.

[0024] According to a still further embodiment of the
invention, said sheet is a plate or a shell.

[0025] According to a further alternative embodiment
of the invention, said reinforcing sheet is made of steel.
[0026] Said composite or steel or other metallic or non-
metallic material, reinforcing sheet, plate or shell is bond-
ed to the surface of the structural member, and optionally,
to the supporting member, and it passes underneath the
outer circular surface of the tube or shaft by wrapping it
or just bonding it.

[0027] According to a specific embodiment of the con-
struction structure according to the invention, its con-
structive members have an overall block shape, with the
top one being elongated and extending substantially up-
right along said longitudinal axis. The bottom one may
have a flattened profile, both in a mutually aligned ar-
rangement.

[0028] According to a further specific embodiment of
the invention, it is substantially symmetrical, particularly
respective a central plane of symmetry extending sub-
stantially upright so as to include said longitudinal axis,
thereby defining at least two symmetrical parts, each in-
cluding one said anchoring device actively connecting
elastically said constructive members within each said
symmetrical part.

[0029] To summarize, thanks to the anchoring device
according to the invention, two features are remarkably
combined: the secure anchoring of the strengthening
scheme and the elastic-plastic behaviour of the anchor-
ing device, wherein this behaviour could be achieved by
the yieldingness of the metallic or non-metallic materials
which are the horizontal shaft and basically the lock-down
means. Due to this behaviour, the stress distribution on
the composite or steel or other metallic or non-metallic
material, reinforcing sheet, plate or shell is becoming
more distributed, which results in a better use of the com-
posite material. Finally, by using the so-called Hybrid An-
choring Device, an elastic strengthening method is be-
coming inelastic, more ductile.

[0030] In addition to providing a self-centering anchor-
ing device which eliminates the eccentricity problem, the
invention thus allows the composite, metallic or non-me-
tallic materials to fully utilize their high strength without
premature failure. As a consequence, the present inven-
tion allows solving the problem of anchoring externally
bonded composite, steel or other materials, metallic or
non metallic, to structural support elements in concrete
orsteel. Itenables the developed forces to be transported
on said latter materials, composite or steel or other me-
tallic or non metallic materials, to healthy concrete or steel
blocks.

[0031] The present invention thus combines the use
of a reinforcement sheet with an anchoring device with
an inelastic behaviour due to the yielding either of said
holder means or of said fastening means.
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[0032] Thanks to the invention, there is thus provided
an anchoring device allowing an easy installation, without
the need to employ new or advanced technology to man-
ufacture or use.

[0033] A further notable advantage of the invention
consists in its fairly universal profile enabling the appli-
cation of the anchoring mechanism to a wide variety of
structures, which may be made of quite different materi-
als and shapes, such as reinforced concrete, steel or
masonry structures, structural members with a flat sur-
face, such as straight walls and square columns, and
structural members with a curved surface, such as
curved walls and circular columns.

[0034] According to a useful embodiment of the inven-
tion, said structure is an existing structure, and said sheet
a reinforcement sheet.

[0035] The presentinvention also relates to an anchor-
ing method for a surface bonded sheet for improving the
resistance of a structure, wherein said sheet is bonded
onto the surface of a structural member of said structure
in order to improve its resistance by resisting additional
forces, and anchored to a structural element of said struc-
ture in order to transfer the additional forces onto said
structural element, wherein said additional forces are es-
sentially tensile forces all in one single direction being
defined as the length of said sheet. Said method is re-
markable in that a rod extending at least over the whole
width of said sheet is locked to said structural element
by a lock means, and in that the rod is substantially in
the plane of the sheet.

[0036] According to a preferred embodiment of the
method according to the invention, the rod, the lock
means and the sheet once assembled are elastically and
plastically deformed in such a way that the stress distri-
bution in said rod, lock means and sheet in the working
situation is significantly better than the stress distribution
in said rod, lock means and sheet immediately after its
installation on said structure.

[0037] Further features and properties of the device
and the anchoring method will emerge from the following
description in detail of some embodiments of the inven-
tion, which are illustrated with the aid of the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]
FIG. 1is a perspective view of a construction system
with an anchoring device of the invention with a sheet
bonded to a vertical structural member thereof.
FIG. 2 is a functional perspective view of a diagram-
matic representation 4 of said embodiment of the
anchoring device according to the invention with a

sheet wrapped around it.

FIG. 3 is a cross sectional view of an embodiment



7 EP 2 336 455 A1 8

as shown in the latter FIG. in a connective relation-
ship, taken along a vertical longitudinal plane there-
of.

FIG. 4 is a similar side view of said embodiment of
the invention as in both previous figures showing
sections of the sheet.

FIG. 5 is a further enlarged perspective view of the
embodiment as shown in FIG. 2, under a different
observation angle.

FIG. 6 is an experimental setup of the overall ar-
rangement according to the invention as shown in
FIG. 1.

FIG. 7 shows results as displayed on an experimen-
tal graph with 100% capacity increase thereof.

DESCRIPTION OF THE INVENTION

[0039] The present invention generally relates to a
construction system comprising an anchoring device for
strengthening structures, wherein conventional structur-
al reinforcing materials are used. The surface reinforcing
agent is e.g. a surface reinforcing sheet 3. It could be a
plate or a shell as well. However, its composition may
also be of non-metal or metal. The structural reinforcing
material is preferably made of composite materials
known as FRP.

[0040] FIG. 1 shows a preferred embodiment of said
construction system incorporating said anchoring device
4 wherein the developed load is transferred from the FRP
sheet 3 to a supporting member or foundation 6, through
the anchoring device 4. The main advantage thereof is
that said anchoring device 4 offers a confident prediction
and a safe transfer of the forces.

[0041] Said sheet 3 is bonded to the surface of the
strengthening structural member 5 shown vertical in FIG.
1 e.g. by epoxy or any other conventional bonding ma-
terials. The anchoring device 4 is thus attached to the
supporting member 6.

[0042] FIG. 2 shows an enlarged detailed view of said
anchoring device 4 for providing structural reinforcement
with said composite FRP sheet 3. Said sheet 3 is wrapped
around the outer surface of a horizontal holder means 1
consisting of a shaft, preferably circular, thus transferring
the load carried by said sheet 3 to the anchoring device
4 and further through its fastening means 2. The latter
consist of bolts engaged vertically in corresponding holes
8, e.g. metallic bolts. Said load is thus transferred to the
supporting member 6 or foundation. Said holder means
1 may also consist of a tube, e.g. cylindric.

[0043] Typically, the structural member 5 is a concrete
or steel structural element, while the supporting member
6 is a foundation, also composed of concrete or steel.
Upon applying tensile load to the sheet 3, the resultant
action of the applied FRP load and the interface shear
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force provided by the epoxy bond 7 of the sheet 3 to the
structural member 5 and supporting member 6 is parallel
to said horizontal holder 1, resulting in a complete utili-
zation of the sheet’s mechanical properties.

[0044] In other words, the sheet 3 is transferring the
forces to the horizontal circular holder 1, which in turn is
transferring those forces to said fastening means 2 of the
anchoring device 4. Said fastening means 2 may also
consist of a pair of rods 2 arranged vertically through the
shaft 3 and acting as vertical anchors 2 for said device
4, which may be made of non metal as well. Finally, those
vertical anchors 2 are transferring those forces to the
supporting structural element or foundation 6 as shown
in FIG. 1.

[0045] As a consequence, there is a tendency of pull
out of the vertical bolts or rod 2 acting as anchors. This
tendency is avoided by the safe and proper embedment
of said anchors 2 in the concrete or steel blocks 6 as
shown in FIG. 3. The appropriate depth, resp. diameter
of the receiving holes 8 opened in the top face of the
supporting structural element or foundation 6 for anchor-
ing said fastening means 2, is determined by the analysis
and the design of the strengthening scheme. The vertical
anchors 2 can be either steel or other metallic bolts, or
even regular structural reinforcing bars. The anchoring
can be established with the use of an epoxy material
which is placed between the vertical anchors 2 and the
foundation 6. Alternatively, it may also be achieved with
mechanical means like welding or screwing and the like.
[0046] Also referring to FIG. 4, the developed forces
may thus be considered as acting parallel to said com-
posite sheet 3 as well as to the Hybrid Anchoring Device
4 abridged as HAD, which results in a both safe and easy
prediction. Also this arrangement of the forces results in
the safe and easy fabrication of the strengthening
scheme.

[0047] The anchoring device 4 is illustrated with the
following strengthening example of a vertical structural
member 5.

[0048] The design load of the anchoring device 4 is
the load that the CFRP sheet 3 applies thereto 4 in a
vertical structural element 5 loaded at the top by a lateral
force. The dimensions of the anchoring device 4 are se-
lected so that the maximum stress therein 4 under the
design load does not exceed the yield stress of the ma-
terial thereof 4.

[0049] The anchoring device 4 also shown under a dif-
ferent observation angle in FIG. 5 is designed by using
Mechanics of Material simple laws. As a result, a 40 mm
diameter steel horizontal solid shaft 1 is chosen with 18
mm diameter vertical steel bolts 2. The thickness of the
CFRP sheet 3 is equal to 0,34 mm. The design of the
strengthening scheme is done in a way that the CFRP
will fail. In this way, the maximum capacity of the CFRP
will be utilized. The diameter of the steel horizontal shaft
1 may vary between 10 mm and 200 mm according to
overall capacity which is demanded by the design of the
strengthening scheme. This diameter range may be big-
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ger or smaller in accordance with the needs as well as
for the vertical steel bolts 2 and the CFRP 3.

[0050] The properties of the vertical concrete structural
element 5 are not mentioned. It is the mean of testing
the behaviour of the anchoring device 4.

[0051] FIG. 6 shows an example of the experimental
setup thereof. It consists in a baseplate 6 about 1 m in
square and 300 mm thick on which a structural member
5isfixed, about 1400 mm long, and with a 500 mm square
section. Hydraulic pistons 11 are installed on top and on
a side face near the top of said structural member 5, in
order to allow applying vertical resp. horizontal forces on
it. Load cells 12 are installed near the application point
of said pistons 11 in order to measure the applied forces.
Displacement sensors 13 (LVDT) measure the horizontal
displacement of the upper end of the structural member
5, and the vertical uplift of the reinforcement sheet and/or
the said member.

[0052] Finally, FIG. 7 shows the use of the present
invention as a means of a strengthening system results
to an increase of the structural’s member capacity equal
to 100%. More specifically, the Virgin Pier, which is the
Pier without the Hybrid Anchoring Device 4 resulted to a
maximum horizontal load equal to 37kN, whereas the
24mm-Pier resulted to a maximum horizontal load equal
to 75kN. The 24mm-Pier corresponds to a Pier which
was imposed to a maximum horizontal displacement
equal to 24 mm with HAD 4 attached on it. The use of
the present anchoring device 4 resulted in an increase
of the ultimate horizontal displacement as well. It was
increased from 15 mm to 29 mm, due to the plasticity of
the device. The present anchoring device 4 is qualified
as "Hybrid" due to the fact that it combines the secure
anchoring of the strengthening scheme, offering at the
same time to a structure an increase of the ductility due
to its plasticisation.

[0053] Itisto be understood that the description above
is given only by way of example to illustrate the present
invention, without confining the scope thereof.

[0054] Indeed, the application of the anchoring device
of the present invention is not limited to anchoring appli-
cation of bonded FRP sheet. The structural and/or sup-
porting surfaces can be reinforced with bonded or un-
bonded reinforcing plate or shell made of FRP or steel
or other metallic or non-metallic materials.

[0055] Said anchoring device is not limited to retrofit-
ting or repairing of existing structures, such as seismic
upgrade of structural and supporting walls. Any new
building structures may incorporate the present inven-
tion, so as to provide for improved structural reinforce-
ments.

[0056] It is further to be understood that the present
invention may be carried out in other specific ways than
those that were described here.
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Claims

1.

A construction structure comprising at least one
structural member (5), resp. supportelement (6) con-
nectively cooperating with each other, further com-
prising at least one anchoring device (4), wherein
said structural member (5) is supported on said sup-
port element (6) with its bottom surface (A), its ad-
joining lateral surfaces extending therefrom (B, C)
along a longitudinal axis (€) thereof (A), character-
ized in that it further comprises

- reinforcement surface means (3) for connec-
tively securing said mutual cooperation between
said structural member (5) and said support el-
ement (6), which is delimitated by a bottom (a)
resp. opposite top side (b) and which (3) has at
said top side (b)

- bonding means (7) for bonding said reinforce-
ment surface means (3) at its top end (b) onto
said active lateral surface (B, C) of said struc-
tural member (5), on the one hand,

and wherein said reinforcement surface means
(3) is actively cooperating at its opposite bottom
end (a) with said support element (6), on the
other hand, by means of said anchoring device
(4) consisting of

- aholder means (1) extending continuously and
at least over the whole bottom side (a) of said
reinforcement surface means (3) for holding
same in a remote connective relationship with
said support element (6) and of

- fastening means (2) for anchoring said holder
means (1) to said support element (6).

A construction structure according to the preceding
claim, characterized in that said anchoring device
(4) is arranged as an elastic-plastic device with an
elastic-plastic behaviour in an elastically and plasti-
cally deformable bonding assembly with said rein-
forcement surface means (3).

A construction structure according to one of the pre-
ceding claims, characterized in that said holder
means (1) is a shaft (1), in particular a cylinder
around which said sheet (3) is wrapped at its said
bottom side (a) and which extends substantially in
parallel to said support element (6), wherein said
bonding means consistin particular of a bonding strip
(7), more particularly extending in parallel to said
holder means (1).

A construction structure according to one of the pre-
ceding claims, characterized in that said reinforce-
mentsurface means (3)is a sheet, in particular which
is made of a fiber reinforced polymer FRP, more par-
ticularly a composite FRP material.
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A construction structure according to the preceding
claim, characterized in that said fibers are carbon,
glass or aramid fibers, and/or in that said fastening
means (2) are non metallic.

A construction structure according to one of the pre-
ceding claims, characterized in that its constructive
members (5) and/or (6) have an overall block shape,
the top one (5) being elongated and extending sub-
stantially upright along said longitudinal axis (t), both
(5, 6) in a mutually aligned arrangement, and/or in
particular wherein it (10) is substantially symmetri-
cal, particularly respective a central plane of sym-
metry (o) extending substantially upright so as to
include said longitudinal axis (€), thereby defining
two symmetrical parts, each (11, 12) including one
said anchoring device (4) connecting elastically said
constructive members (5, 6) within each said sym-
metrical part (11, 12).

An anchoring device (4) for a surface bonded sheet
(3) aimed at improving the resistance of a structure
(5, 6), wherein said sheet (3) is bonded onto the sur-
face of a structural member (5) of said structure in
order to improve its resistance by resisting additional
forces, and anchored to a structural element (6) of
said structure in order to transfer the additional forc-
es onto said structural element, said additional forc-
es being essentially tensile forces all in one single
direction being defined as the length of said sheet,
characterized in that said anchoring device (4) con-
sists in a rod (1) extending at least over the whole
width of said sheet (3) and a lock means (2) aimed
to lock said rod to said structural element (6), and in
that the rod (1) is substantially in the plane of the
sheet (3).

An anchoring device according to the preceding
claim, characterized in that the stress distribution
in said device (4) and in said sheet (3) in the working
situation is significantly better than the stress distri-
bution in said device and in said sheet immediately
after its installation on said structure (5, 6), thanks
to an elastic-plastic behaviour and/or in that said
structure (5, 6) is an existing structure, and said sheet
(3) a reinforcement sheet.

An anchoring device according to one of both pre-
ceding claims, characterized in that said rod (1)
has a circular outer surface in order to provide a
smooth contact with the reinforcing sheet (3) passing
around it, wherein said rod (1) is a cylinder, solid or
hollow, in particular wherein said sheet (3) is
wrapped around said rod (1) and/or wherein said re-
inforcing sheet (3) is made of a fiber reinforced pol-
ymer.

10. An anchoring device according to one of the claims
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11.

12.

13.

14.

15.

7109, characterized in that said sheet (3) is a plate
or a shell and/or in that said fibers are steel fibers
or carbon, glass or aramid fibers.

An anchoring device according to one of the claims
810 10, characterized in that said reinforcing sheet
(3) is made of metal, in particular steel.

An anchoring device according to the preceding
claim, characterized in that said lock means (2)
consist in fixation means provided at each end of
saidrod (1), in particular wherein said fixation means
are bolts or steel cylinder rods.

An anchoring method for a surface bonded sheet (3)
aimed at improving the resistance of a structure (5,
6), wherein said sheet is bonded onto the surface of
a structural member (5) of said structure in order to
improve its resistance by resisting additional forces,
and anchored to a structural element (6) of said struc-
ture in order to transfer the additional forces onto
said structural element, said additional forces being
essentially tensile forces all in one single direction
being defined as the length of said sheet (3), char-
acterized in that a rod (1) extending at least over
the whole width of said sheet is locked to said struc-
tural element (6) by a lock means (2), and in that
the rod (1) is substantially in the plane of the sheet

).

An anchoring method according to the preceding
claim, characterized in that the rod (1), the lock
means (2) and the sheet (3) once assembled are
elastically and plastically deformed in such a way
that the stress distribution in said rod (1), lock means
(2) and sheet (3) in the working situation is signifi-
cantly better than the stress distribution in said rod
(1), lock means (2) and sheet (3) immediately after
its installation on said structure (5, 6).

Use of an anchoring device according to one of the
claims 7 to 12 in a construction structure according
to one of the claims 1 to 6, in particular with a method
according to one of both preceding claims, charac-
terized in that its (10) structural members are sub-
mitted to external loads, wherein said and bonded
sheets are adjusted, resp. anchoring device further
fastening said sheets so as toimprove the resistance
of said construction structure (10), while its (5) re-
sistance is improved by resisting additional forces,
wherein said additional forces are transferred onto
said structural element (6), on the other hand, said
additional forces being essentially tensile forces that
are all directed in one single direction which is ori-
ented longitudinally respective said sheet (3).
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