The present inventicon relates to strengthening a concrete deck, e.g. of an
exi sting-bridgée structure. Generally, - in cases of bridge structures such as
an elevated road, etc., concrete decks have structure enough to wthstand a
dynam c |l oad due to a traffic volune of cars. Strength of the concrete
_ decks of existing aged bridge structures, however, relatively decreases
wth rapid increases in the traffic vollume of cars af LeywZ0nsdy ucti on
thereof and in load and collision |oad due to heavig =g Mo P
It is therefore neces#BT{ODo FORr EHFENETHENING ch nCONER B
the other hand, noise barriers are further fixed :iyedoREERmqVE
portions of existing bridge structures in order tg=font &y noilse of
cars on the bridge structures. It is thus necessﬁ;'nmgﬁg rﬁ.@ ]
over hang supports, i.e., sites where tensile stre 9 Sy
deg¢ks. Generally, strengthening of the concrete deN .
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as shown in_Fig. 7, new | aci a strengthenjng concretetayer 3 on the
upper surfﬁﬁﬁeggt}?ﬂ%l‘&%n%r‘g‘?'b“&?er%x decks tqrBei@inad IAEIng Brifget i on as shown
in Fig. 8. Then. the asphalt pavenent layer 2 is again applied thereon. In
such a straﬁﬁfﬁgﬁﬁhg nmet hod, however, connection bet ween the existing

concrete layer and ¢hg PeIMy, AlPfGeles of bridge structures such as an

elevated road, etc., concrete decks have structure enough to
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- withstand a dynamic load due to a traffic volume of cars.

Strength of the concrete decks of-exisfing aged bridge
structures, however, relatively decreases with rapid increases
in the traffic volume of cars after construction thereof and in
load and collision load due to heavier weight of vehicles. It
is therefore necessary to strengthen such concrete decks.

Recently, on the other hand, noise barriers are
further fixed on edges of overhang portions of existing bridge
structures in order to control the noise of cars on

the bridge structures. It is thus necessary to strengthen
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around overhang supports, i.e., sites where tensile strength
acts on upside of decks.

Generally, strengthening of the concrete decks is done
by removing an asphalt pavement layer 2 laid on an upper
surface of a concrete deck 1 as sﬁown in Fig. 7, newly placing
a strengthening concrete layer 3 on the upper surface of the_
concrete deck 1 to thicken a concretg'ggftion as shown in Fig.
8. Then, the asphalt pavement ;ayerzz is again applied
thereon. |

In such a strengthening method, however, connection



strengthening concrete |ayer is not necessarily sufficient, which often
causes -poor results froma viewpoint of integral structure of the
existing and new concrete layers.: In-addition, strengthening of a site
where tensile strength acts on upside of the deck is not conplete in the
conventional strengthening nethod. Further, it is necessary to use

| ar ge-si zed concrete placing faciliti®® fn such a nethod, which causes
conpl exity of construction. According to the present invention, there is
provi ded defsatdd the estistiquheonsgesecdarest andetRewnewhy cphacedes
applyi ng an adhesive on a concrete deck in which a pavenment | ayer has been
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the concr ghe cdethedAnd@etheNt s thereof are not overlapped with those of

the first strengthening layer to formsecond stregthening |ayer, and
applying the pavemgirtrdt€r it is necessary to use large-sized concrete
placing facilities in such a method, which causes complexity

of construction.

According to the present invention, there is provided
a method for strengthening a concrete deck which comprises
applying an adhesive on a concrete deck in which a pavement
layer has been removed, followed by laying and adhering thereon
a plurality of block shaped precast panels made of a material
having strength similar to or stronger than that of the
concrete deck to form first strengthening layer, adhering sheet
like stuff made of a material having higher tensile strength on
the first strengthening layer to a site where tensile strength
acts to an upside of the deck to form a tensile resistant
layer, further applying the adhesive on the first strengthening
layer and the tensile resistant layer, laying thereon a
plurality of the block shaped precast panels made of the

material having the strength similar to or stronger than that



As the first strengthening layer is formed by applying the adhesive on the
upper surface of the concrete deck in which the paverment |ayer has been
removed and | aying thereon-a plurality of the bl ock shaped precast panels,
roughness of the upper surfce of the concrete deck can be controlled
dependi ng on an extent of the adhesive application and a degree of |aying
pressure of the first strengthening |laygr- Wiile, in the second
strengthening |ayer, as a plurality of each bl ock shaped precast panel is
laid on thatof)fthmécfﬂorrsﬁtestdleéﬂfgﬁheﬁhﬁg jayrwg %@etﬁ 3%R maet oIverkarirtel
of the first and the second strengthening | ayers are not overl apped each
ot her so as WhtR nthqfates tthe §é€6%d5F59§€tW@h“$ hea¥ ¥ ko ofREm c3R%P
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upper surfce of the concrete deck can be controlled depending
on an extent of the adhesive application and a degree of laying
pressure of the first strengthening layer.

While, in the second strengthening layer, as a
plurality of each block shaped precast panel is laid on that of
the first strengthening laying so that joints of each panel of
the first and the second strengthening layers are not
overlapped each other so as to integrate the second layer with
the first one, each of precast panel has a continuity, thereby
stress added thereto being transmitted throughout the deck.

As each of the precast panel of the first and the
second strengthening panels is made of a material having
strength similar to or stronger than that of the concrete deck
and is firmly integrated each other as well as with the
concrete deck by means of the adhesive, a sufficient
strengthening can be obtained.

As the sheet like stuff made of a material having
higher tensile strength is applied between the first and the
second strengthening layers at sites where tensile strength

acts to the upside of the deck, i.e., around the overhang

supports or above the girders of the bridge, a sufficient



strengt heni ng can be achieved at tensile strength acting sites.

Non-1lim ting enbodi mnents of the invention will now be described with
reference to the acconpanying drawings, in which:- Fig. 1 is a partially
cutaway view in perspective showi ng part of an exanple of the present
invention. Fig. 2 is a transverse axial cross section illustrating the
start of a strengthening procedure for g, concrete deck. Fig. 3 is a
transverse axial cross section illustrating the next step of the procedure
shown in Fig. 2. Fig. 4 is a transverse axial cross section illustrating

t he next step of the procedure shown in Fig. 3. Fig. 5is a transverse
axial cross section illustrating the next step of the procedure shown in

Fig. 4. Fig. Stdefigthdnt wr&eaaﬁe%d%%&sig&twan#n' Holgtdfidet he next

step of the procedyre. shown in Fig. éh? ransvers lal cross
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illustrating a
of a strengthening procedure for a concrete deck.

Fig. 3 is a transverse axial cross section
illustrating the next step of the procedure shown in Fig. 2.
Fig. 4 is a.transverse axial cross section
illustrating the next step of the procedure shown in Fig. 3.
Fig. 5 is a transverse axial cross section
illustrating the next step of the procedure shown in Fig. 4.
Fig. 6 is a transverse axial cross section
illustrating the next step of the procedure shown in Fig. 5.
Fig. 7 is a transverse axial cross section
illustrating an example of an existing concrete deck to be

strengthened. .
Fig. 8 is a transverse axial cross section
illustrating an example of conventional method for

strengthening an existing concrete deck,

Fig. 1 is a partially cutaway view in perspective of a
main part of a bridge structure whose concrete deck is
strengthened , according to the present invention.

Figs. 2 to 6 are transverse axial cross sections illustrating a



strengt heni ng procedure of a concrete deck according to the present
invention. Fig. 7 is a cross section illustrating an exanple of an existing
concrete deck to be strengthened.: In'Fig. 7, a concrete deck 1 to be
strengthened is put on the girders 4 and a pavenent |layer 2 is applied on
an upper surface of the concrete deck. An exanple of a strengthening
procedure of the concrete deck 1 wll now be described. First of all, as
shown in Fig. 2, the pavenent | ayer 2‘§bblied on the upper surface of the
concret e deckrengthening mrgcedure epénsvedncrete degk adiecopding oko | Bhexi sts
on the concrete deck 1, the portion |a is renmoved or repaired as shown in
Fig. 1. An RRRsARte inveanrdPfappfFitdd dnisha cppef sSeFtier bllustrabhedetr
deck 1 as shown in Fig. | rm an adhesive | ayer 5. lurality of block
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bl ock shaped precastaﬁgnels 6, shown in Fig. 4. Wen sites where
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First of all, as shown in Fig. 2, the pavement layer 2
applied on the upper surface of the concrete deck 1 shown in
Fig. 7 is removed. If a degraded portion la exists on the
concrete deck 1, the portion la is removed or repaired as shown
in Fig. 1.

An adhesive is then applied on the upper surface of the
concrete deck 1 as shown in Fig. 1 to form an adhesive layer 5.
A plurality of block shaped precast panels 6 are laid thereon
to adhere and integrate the concrete deck and the precast
panels 6, thereby forming first strengthening layer 7.

Sheet-like reinforcement 8 is then adhered with the adhesive
around overhang supports of the overhang portions 1lb and
above the girders 4, on the first strengthening layer 7
formed by laying a plurality of the block shaped precast panels
6, as shown in Fig. 4. When sites where tensile forces act
on upside of the deck are only around the overhang supports,
the reinforcement 8 may be applied merely therearound.

Further, thé adhesive is applied both on the upper

surface of the first strengthening layer 7 comprising the block



shaped precast panel s adhered and integrated with the concrete deck 1 and
on the upper surface of the reinforcenent 8 to forman adhesive

| ayer, 9, as shown in Fig. 5. A plurality of block shaped precast panels 10
are laid thereon simlarly as in the case of formation of the first
strengthening layer 7 so that joints 13 of nei ghboring pr ecast
panel s do not overl ap joints 12 gf_. the precast panel 6 of the first
strengthening | ayer 7, thereby form ng second strengthening |ayer 11. The
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concrete deck is conpletely strengthened conprises avenent |ayer 2
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t he adhesive layer 9), reinforcenent 8, the first 'strengthening |ayer
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concrete deck 1, as shown in Fig. 1. Epoxy resin nortar was used as the

adhesi ve i thisheaseamfl €orfiahton ashesie efbivdt e raigtIrRming Naydierre e
concrete deck and the precast panels may al so be used. An exanpl e of
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Non- asbest os sl ate boards were used as the precast panels. The precast
panel s shogverB@pmade of jaintsek? £ hths npmegastyidanslfifl axf ttheorf ixtstonger
than that of the concrete deck, including such materials as gl ass-fiber
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slate
layer 11. The first strengthening layer 7 and the second one

11 are thus adhered and integrated.

Finally, the pavement layer 2 is again formed to
complete the strengthening method, as shown in Fig. 6.

The bridge structure wherein concrete deck is
compietely strengthened comprises the pavement layer 2, the
second strengthening layer 11 (consisting of the précast panels
10 and the adhesive layer 9), reinforcement 8, the first
strengthening layer 7 (consisting of the precast panels 6and the
adhesive layer 5) and the concrete deck 1, as shown in Fig. 1.

Epoxy resin mortar was used as the adhesive in the
example. Other adhesives which can securely adhere the
concrete deck and the precast panels may also be used. An
example of particularly preferable adhesives includes an epoxy
resin adhesive.

Non-asbestos slate boérds were used as the precast
panels. The precast panels should be made of a material having
strength similar to or stronger than that of the concrete deck,
including such materials as glass-fiber reinforced cement,

cement mortar, ceramics and the like other than the slate



boards descri bed.above. Although the dinension of the precast panels is not
particularly-restricted, panels of :300 mMmmto 400 nmx 400 nmto 500 mm are
preferable froma viewpoint of appliability. Carbon fiber was used as the
reinforcenent. Ot her materials useful herein and having high tensile
strength include, for exanple, gI ass fiber, aramd fiber, or if necessary
thin steel plate and the I|ike. - descri bed above, the pr esent
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| ayer is f ing a plurality of bl ock shaped precast panels
so t hat th 66T?%£WEi€y oints thereof do not overlap t hose of the
first layer, the pr@a%% RAREl:S B3V Gs8aCREt LAY { XethidicBih Oldiakr wher eby
stress is transmtted snoothly. he precast panels of the

first and rﬁ@@eﬁf&ﬁ‘%ﬁf@ng{éﬁ&'nnﬁnhahﬁbinér ﬁlﬁﬁde @knailat geirahgbAvi ng a
strength simlar to or stronger than that of the concrete deck and are
firmy intggepi@s, Wdh samplethglass weberasavemnhdt Beber, or if
necessary thin steel plate and the like.
As described above, the present invention has
following favorable effects.
As first strengthening layer is formed by applying
the adhesive on the upper surface of the concrete deck from which
the pavement layer has been removed and laying thereon a
plurality of the block shaped precust panels, it is possible to

lay these panels evenly without being affected by roughness of

the concrete deck or formation of foam on the adhesive

surface.

As the second strengthening layer is formed by laying
a plurality of block shaped precast panels so that
the joints thereof do not overlap those of the

first layer, the precast panels have a continuity with each other,
whereby stress 1is transmitted smoothly.

As the precast panels of the first and the
second strengthening layers are made of a material having a
strength similar to or stronger than that of the concrete deck
and are firmly integrated with each other as well as with the
concrete deck by meahs of the adhesive, a sufficient

strengthening can be obtained.



concrete deck by neans of the adhesive, a sufficient strengthening can be
obt ai ned. 8- As the sheet-like reinforcement nade of a naterial having
hi gh tensile strength is applied between the first and the second
strengthening layers at sites where tensile forces act on the upside of the
deck, a simlar effect as steel reinforcing results, whereby the tensile
sites such as around the hangover portions of the bridge or above the
girders are strengthened._Furpher,'a§ Targe-sized facilities are not
required in the prdschhe sthéatnlike rginfornenentdadecoh ot paterish haxinge done
effectively. 9 CLAI M5 1. A et hod of strengthening a concrete deck,
conpri si ngt9Rppl FERIL R HEH AT le arediedcbetweer Fhﬁng%-ﬁ"%ha%fi pE&nent

| ayer has been_renoved; |aying on and adhering to the adhesive a plurality
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reinforcing results, whereby the tensile
sites such as around the hangover portions of the bridge or
above the girders are strengthened.
Further, as large-sized facilities are not required in
the present strengthening method, the construction can be done

effectively.



e aye'r'_;”,at site(s) above part(s) of the concrete deck which is or are in
upper - surface tension; applying adhesi ve above the first strengthening
| ayer -and the rei nforcerrent and | aying thereon a pturality of panels nade

of a material having a strength simlar to or strong hat of the
concrete deck, to forma second strengthening | ayer; ﬁwﬂ“mrﬁﬂﬂﬂwﬂmt he
pavenent Iayer. 2. A nmet hod according to claim1, '
atile-like precast panel. 3. A net o8 according to claim1 or 2,

. wherein, in a. first surface direction of the deck, a first line of the
panel s of the second strengthening | ayChAIMS arranged so that its panels
bridge joints between panels of the first strengthening layer. 4. A

met hod according to _claim3, wherein, in a second surface direction of teh

deck which is }ranshdiedaod Sf ﬁ%reFlIgFg‘tm%r? SOBCERteEeFHyn COBPIISERFd | i ne of

the panels of the sguupdngt aahgikeniongo! ayajontsetr rddtgedirda tWhakhi as panel s
bridge joints between .panel.s of the fi rat strengt hening | ayer. 5. A

met hod accordlwwﬁnﬁnﬁyﬁﬂ@aagbetﬁnaf?ﬁovf to 4, wherein the concrete deck is
supported on beans kawinghenr andfatheeimnt ta sthen adhesifver m qgflusalitys ofhi ch

overlie and tr ﬁléh V\ﬁega@ a m terlgl haymg stre&&gh sﬁnllar '%on%&hOd

according to |m 5 n dep en ent on al'm t he beans and
strips are tretgonger than h@artr roft ther feemerelte edgdkon. to form a first

strengthening layer;
| adhering sheet-like reinforcement to the first stengthening
layer at site(s) above part(s) of the concrete deck which is or
are in upper-surface tension;
applying adhesive above the first strengthening layer and
the reinforcement, and laying thereon a plurality of panels made
of a material having a strength similar to or stronger than that
of the concrete deck, to form a second strengthening layer; and
reinstating the pavement layer.

2. A method according to claim 1, wherein each panel is a
tile-like precast panel.

3. A method according to claim 1 or 2, wherein, in a first
surface direction of the deck, a first line of the panels of the
second strengthening layer is arranged so that its panels bridge
joints between panels of the first strengthening layer.

4. A method-according to claim 3, wherein, in a second surface
direction of teh deck which is transverse to the first surface
direction, a second line of the panels of the second
strengthening layer is arranged so that its panels. bridge joints
betneen panels of the first strengthening layer.

5. A method according to any one of claims 1 to 4, wherein the
concrete deck is supported on beams and the reinforcement is in
the form of strips which overlie and track the beams.



7. A met hod according to claim 1 or 2 or cI aim 5 when dependent on
ctaim1 or 2, ‘wherein the panels of -the first strengthening |layer forma
first mosaic-like pattern and the panels of the second strengthéning 1ayer
forma second nosaic- like pattern, with panesl of “lﬁ'@ﬁmﬂumm”ﬁmt heni ng
| ayer bridging joints between panels of the first s

A met hod according to claim7, wherein the first and setond fbsdic* Ilke
patters are substantially the same and Hre offset relative to each other.

9. A nmet hod according to any one of clains 1 to 8, wherein each panel is
substanti al | y6t he 3amethefapecosdingitoe claim|Sawhes cigpendentacn pém f the

second streng&mmnmeﬂeanefh@\b%ahé eaadasth%gsaré %aﬁévetrgs fbﬂﬁ SgPistt e first

strengthening | ayer._ 10 A nmet hod according to claim?9 erel n each
panel of the aRe dsltrPéTﬂJgﬁ"henl ng | ayer overlies four of the panels of the
fi-rst strengthening | ayer. A met hod according to any one of clainms 1

to 10, whereinh eac 8 el. is su atlall¥ gctan | ar aégll V|ew 12.
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strengthening layer form a first mosaic-like pattern and the
panels of the second strengthening layer form a second mosaic-
like pattern, with panesl of the second strengthening layer
bridging joints between panels of the first strengthening layer.

8. A method according to claim 7, wherein the first and second
mosaic-like patters are substantially the same and are offset
relative to each other.

9. A method according to any one of claims 1 to 8, wherein
each panel is substantially the same shape and size in plan view
and each panel of the second strengthening layer overlies at
least two of the panels of the first strengthening layer.

10. A method according to claim 9, wherein each panel of the
second strengthening layer overlies four of the panels of the

first strengthening layer.

11. A method according to any one of claims 1 to 10, wherein
each panel is substantially rectangular in plan view.

12. A method of strengthening a concrete deck, substantially as
herein described with reference to Figures 1 to 7 of the

accompanying drawings.



