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PRECAST FLOOR SLAB REPLACING PROCESS

UJ

BACKGROUND OF THE INVENTION
Field of the Inventioh

The present invention relates to a precast bridge floor slab
replacing process by removing an existing floor slab from a bridged
composite girdér and placing thereon a new precast floor slab.

- Prior Art B

As concrete bridge floor slab of viaduct, etc. are damaged with
aging under a severe condition such as incessant traffic of cafs
and trucks, weathering and the like, damaged precast fioor slabs
have to be repaired or replaced. A slightly damaged floor slab can
be reinforced by fitting a steel plate, but heavily damaged one
should necessarily be replaced-as a whole.

There aré two kindg of processes for replacing a damaged flcor
slab. According to a conventional'replacing process, a new concreté
‘floor slab is completgd'by removing damaged one, subsequently_
fra?ing a form, arranging bars thereon and finally casting
.con;rete. The other ieﬁlacing process coﬁprises removing damaged
one followed by placing thereon a precast floor.slab which has been’
prepared in a factory.

such a replacemenésis conducted on a bridge under a in-service
condition and thus, shbﬁld be cbmpleted in a shorter construction
‘period. Accordingly, the precast floor slab which can shorten the
period is primarily-emp;éyed in the replacing process.

The floor slab repiécing process with the precast one generally
comprises several p;océdﬁres as in the following.

In the first procequte, stress cauégd_inf;he~mainigirder is
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10 reinforced by fitting a steel plate, but heavily damaged one shoul d
necessarily be replaced as, a whole. There are two ki nds of processes for
repl aci ng a damaged fl oor sl'ab. Accordj ng to a conventional replacing
process, a new concrete floor slab is €onpleted by renoving danaged 15 one,
subsequently framng a form arranging bars thereon and finally casting
concrete. The other replacing process conprises renoving damged one

foll owed by placing thereon a precast floor slab which has been prepared in
a factory. Such a replacenent is conducted on a bridge under a in-service
condi ti onimpydvieAUS As a rule, the floor slab and the girder function as a

composite section and possess large flexural rigidity, while the
girder only functions as a section and no longer has sufficient
flexural rigidity after the deck is removed. As a countermeasure to
this, improvement of the girder by means of an.outer cable is
practiced.

In such ‘a method for improving stress caused in the girder by
means of the outer cable, a cable made of steel or new material °
such as carbon is arranged on an under or side surface of the "
girder to the axial direction and stressed to add a negative
bending moment to the girder and balance thereof against a positi?e
bending moment caused by load to be loaded.

However, a cable anchoring bracket is connecteﬁ ﬁo the girder
by means of a bracket flange and bolts af;er bolt holes are
perforated through aigirder flange or fixed thereto by welding,
thereby reducing a sectional area or properties of the girder.

In the second procedure, the floor slab placed on the girder is
removed.. According to conventional removing methods, after a
construction site is occupied by controlling the traffic, floor
slab concrete is crushed in order from peripheral portions thereof
by means of a crusheffsuch as a concrete breaker, or cut to blocks
of appropriate sizes for taking out of the site by means of a
concrete cutter or a concrete breaker, then the blocks are put on a
truck by truch crane, and take out of the site. |

However, the floor slab éoncrete thus crushéd tends to fall
down in the former meﬁhod, which should be collected on scaffolds

in the case of a river bridge, while it requixesi@any hands and
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20 should be conpleted in a short construction period. Accordingly, the
~precast floor slab which can shorten the period is primarily enployed in
t he repl acing process. The floor slab replacing process with the precast
one general |y conprises several proceddres as in the following. 25 In the
first procedure, stress caused in the main girder is inproved. As a rule,
the floor slab and the girder function as a conposite section and possesses
| arge flexural rigidity, while the girder only functions as a section and
no | onger has sufficient flexural rigidity after the deck

cost to pick up and take out the fallen concrete. On the other

hand, as the floor slab concrete is generally anchored to the
bridge girder by means of steel bars or members.called as slab
anchors, it is difficult to pull up the floor siab by a crane unless
such anchored portions are bfoken and released therefrom by a
concrete breaker, etc. Accordingly, the floor slab should be
crushed to smaller sized blocks than expecied in the latter case,
while a considerable amount of concrete is fallen down on the
scaffolds, which disposal requires many hands and cost similariy as
described above. Further, if the floor slab is pulleyed by a crane .
to break the concrete as it is, a significant impact shock from the
floor slab upon releasing thereof from the slab anchors would cause
a dangerous turnover of the crane due to a counteraction of the -
shock.‘ In addition, in case of through type bridge, performance of
the crane is not always fully exhibited at an obtuse elevation
angle of the boom.“.

lIn the third procedure, the precast floor slab is placed. A
1a£era1 buckling of the girder does not occur because the floor slab
to be placed is fixed to the main girder by means'of shear
connectors. While, under a condition where the aged floor slab is
already removed from ﬁhe girder and the precast is merely placed
thereon, construction vehicles used for floor slab replacing or
other cars and trucks passing through the secondé?y construction
side affect an upper flange portion as a compressive side so that a
change in buckling length is observed between cross beams, which
would cause the lateral buckling of the main girdéf. In order to

Prevent the lateral buckling upon the floor slab feplacement on the
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i's removed. As a counterneasure to this, inprovenent of the girder by neans
- of an outer 30 cable is practiced. -2- In such a nethod for inproving
stress caused in the girder by nmeans of the outer cable, a cable nade of
steel or new material such as carbon i 4 arranged on an under or side

composite girder with the precast floor slab, there have been
practiced various countermeasures such as'the étruts additional
method, false-work method, and a girder sectiqn reinforcing method.

However, each of the above mentioned countermeasures has
intrinsic disadvantages. the struts additionalimethod allow to
inconveniently increase gross weight of the bridge. The false-work
method is difficult depending on bridge cohstructing conditions

_ especially on lakes or v;lleys. Reinforcement of the girder section
is restricted by other existing members.

Finally, the pfecast floor slab is permanently fixed to the
main girder in the fourth procedure.

According to the present invention, probleﬁ# intrinsic to each
procedure of conventional precast floor slab reéiacing processes are
solved as a-whole. | |

SUMMARY OF THE INVENTION

There'i$ provided a precast floor slab replacing process which
comprises ‘reinforcing a main girder by introducihg enough prestress
toﬁcause a bending moment to a negative difectio# of the main
girder, sequéntially cutting the floor slab placéd on the girder to
plural pieces of biocks, scrapping and removing ;he piec;s of blocks
by means of a jack-up'system,.followed by placingithe precast floor
slab so that cut-off box portions formed thereonﬁére allocated on
an upper flange of the main girder, temporarily-fixing the precast
floor slab and the main girder at the cut-off bo#;portions with a
fixing space left between the cut;off box portiopg to the main
girder direction to prevent lateral backling theféof. releasing

such a temporary fixture after the precast floor slab has been
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surface of the girder to the axial direction and stressed to add a negative
bendi ng nonent to the girder and bal ance thereof against a positive bendi ng
nonent caused by |l oad to be | oaded. 5 However, a cabl e anchoring bracket is
connected to the girder by nmeans of a Bracket flange and bolts after bolt
hol es are perforated through a girder flange or fixed thereto by wel ding,

t hereby reducing a sectional area or properties of the girder. 10 I n
t he - second procedure, the floor slab placed on the girder is renoved.
According to conventional renoving nethods, after ‘a construction site is

occupi ed ppaceant & IgeRdahdit 1ty 2 £ig the main girder=§nd the precast floor
slab while releasing the prestress introduceé to the main girder.

As has been describeé above, the present invention produces the
following effects.

Because of such constitution that prestresé is introduced to
the negative direction of the girder'prior to scfapping aged floor
slabs and is releasgd after new floor'slabé and the girder are
fixed, this consﬁruction_reSists against gxternéi force as a
composite section after the prestress is released, ﬁhereby alldwing
the bridge to behave as an indirect dead-live load composite girder
an§ improve the stress balance. No timbering is:requ;red during
reconstruétion of the composite girder. Further, as brackets can be
removed, an external appearance of the bridge un&er reconstruction
is qguite neat. In.addition, because of the flange provided with no.

"bolt hole therethrough nor welded portion thereén, the'girder
section is kept withéut any decrease in sectional area and effecﬁ on
quality of the material.

" As the floor slab is cut to plural blocks which are perforated
through both surfaces for pulling-up thereof, whi;e reaction leg
portions provided with reaction jacks are al;ocatéd on blocks
adjacent both sides df'a block to be released so_ﬁhat a removing
girder is laid on the reaction leg portions, the §lock to be
released is pulled up whén the reaction jacks aregéctuated after
the removing girder and the block are connected bé.means of hanger
bolts through pulling-up holes, thereby concrete é%ound slab
anchors of anchor portions are urged to be stretcﬁ;d and shearéd;

Accordingly, concrete in the vicinity of the slab anchors is
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fl oor slab concrete is crushed in order from peripheral portions thereof by
means of a crusher such as a concrete breaker, or cut to bl ocks of
appropriate sizes for taking out of the site by nmeans of a concrete cutter
or a concrete breaker, then the bl ocks®are put on a truck by truck 15
crane, and taken fromthe site. However, the floor slab concrete thus
crushed tends to fall down in the fornmer nethod, which should be collected
on scaffolds in the case of a river bridge, while it requires nmany hands
and cost to pick up and take out the fallen concrete. On the other hand, as

the 20 f| posked ,akkheoasy %E@at&ﬁ@nﬂ@&ﬂsy fammfeedrmget lae riet dgasgthéler by
means of steel bars or
blocks thus separated can be easily moved by means of a crane, etc.,
the present process is much safer than a conventlonal method in
which fleor slabs themselves are pulled-up andfbroken.

As the precast-gloor_slab is fixed with a;fixing space left
between cut-off box;portions formed thereon sofgs to shorten the
fixing space and iﬁpreve the bending'stress-stsain tolerance limits-
of an upper flange, lateral backling can be prevented. Further,
because of the fleng space left between the cut—off box portlons,_
pProblems such as an ihconvenient increase in gross weight of the
bridge due to transvesse.supports teméorarily agplied between
existing lateral‘struﬁs or crossflames in conventional processes,
difficulty in construqtiﬁg conditions in the case of the false-work
process and difficulty in reinforcement in the case of the girder
section feinforcementiprocess can be avoided.

As has been desefibed above, the present inﬁention provides'a
markedly convenient_ptecast floor slab replacinéiprocess.

| BRIEF DESCRIPTION OF THE DRAWI#G

Fig. 1 is a SChewe;ic transverse sectional view of a bridge
which main girder iseseinforced by outer cables. 

Fig. 2 is a sidee;ieﬁ of a bfidge which mais.girder is
reinforced by outer cables. .

Fig. 3 is a deteiled view of main portions Qfma bridge which
main girder is reinfof¢ed by outer cables. o

Fig. 4 is a sect10na1 view taken on line A-,

Fig. 5 is a transverse sectional view of a brldge together w1th

a jack-up system for :egoV;ng floor slab blocks.
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menbers cal l.ed slab anchors, it is difficult to pull up the floor slab by a
crane unl ess such anchored portions are broken and rel eased therefromby a
concrete breaker, etc. Accordingly, the floor slab should be crushed to
smal | er sized bl ocks than expected in fhe latter case, while a considerable
amount of concrete is fallen down on the scaffolds, which 25 di sposal

requi res many hands and cost simlarly as descri bed above. Further, if the
floor slab is lifted by a crane to break the concrete as it is, a
significant inpact shock fromthe floor slab upon releasing thereof from
the slab' anchorig Wauliel £alide eidlapges Oopiiidger beyehedf witle acatie-uple to a

counteraction of the shock. In addition, in case of t hr ough type bridge,
per f or mrancgstem for remov;ng floor slab blocks.

Fig. 7 is a detailed plan view of a brldge together with a
jack-up system for'Scrapping floor slab blocks.

Fig. 8 is a fragmentary detailed broken view of a jack-up
system. - | |

Fig. 9 is another embodiment of a jack-up system.

Fig. 10 is still another embodiment of a jack-up system.

Fig. 11 is anfembédiment showing a situatibn where a blocg is
pulled up by a jack-up system.

Fig 12 is a scﬁgmatic transverse sectional view after a part of
existing floor slabs:are reﬁoved. o

Fig 13 is a schematic side view after a pait of existing floor
slabs are removed. .

Fig. 14 is an.énlarged view. of a main portion of a temporarily
fixing portion of pl%ced precast floor slabs. |

Fig. 15 is a plﬁn view of placed precast flpor.slabs.

Fig. 16 is a Qiée view of placed precast floor slabs.

Fig. 17 is a séétional view taken on line B?ﬁ in Fig. 16.

DETAILED DESCRIPTION AND THE PREFERRED éMBODIMENTS

Referring now téithé drawings, the present.iﬁvention will be

described in detail;
' A procedure to improve stress caused in a mé}n girder is

detailed ih the folldﬁing‘by referring to Figs.l;;z, 3 and 4, in
which

Fig. 1 is a transverse sectional view of a bridge which main

girder is reinforced by outer cables; T e
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"6f the crane is not .always fully exhibited at an obtuse el evation angle of

" the boom

Wil e, under a condition where the old floor slab is already renoved from

t he

In the 30 third procedure, the precast floor slab is placed. A
| ateral buckling of the girder does not occur because the floor slab to be
placed is fixed to the main girder by Beans of shear -3- connectors.

Fig. 2 is a side view of a briége shown in Fig. 1;

Fig. 3 is a detailed view of main portioﬁs of a bridge shown ip
Fig. 2; and

Fig. 4 is a sectional view taken on line A-A in Fig. 3.

As shown in Fig. 2, a conventional steel cable 3 is anchored to
brackets 4 and 4 fixed to an under (or side) surface of the main
girder 1. 2 designates a floor slab.

The brackets 4 and 4 are fr1ctlonally jOlnéd to the main glrder
1 as shown in Figs. 3 and 4. More precisely, an under-girder
bracket 11 is attached under the main girder 1 to superimpose a
bqttom fiange la of the main girder 1 con a top'f;ange lia of the
under-girder'bracket 11, both flanges la and 1lla being frictionally
joined by means of high tension vises 7. The aﬁchor bracket 4 is
provided with a conventional take~up unit 13 consisting 6f_a center.
hole jack 8, a ram chair 9 and a load cell 10 an§ is joined to a
bottom flange 11b of the ﬁnder-girder bracket 11 through a top
flapge 4a by means pf'bolts 12. The other anchq:_bracket allocated
unéer the opposite en& of the main girder 1 is indirectly fizxed
thereto through the'under-girder bracket in a similar manner as
described above, although such a bracket is not éhown in Fig. 3.
Nhﬁeral 1;c designateé réinforcing plates. It should be understood
that the anchor bracket 4 may be frictionally joﬁned to the main
girder at first hand by means of the high tensioéivises.

The main .girder 1 is thus attached with thé??able 3 anchoring
brackets 4 and 4 for introducing presﬁress enougﬁ%to cause a
bending moment to the negative direction of tﬁe méin girder 1.

Prestress of desired degree is then introduced to the main glrder
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girder and the precast is nerely placed thereon, construction vehicles used
for floor slab replacing or other cars and trucks passing through the
secondary construction side affect an upper flange portion as a conpressive
side so that a change in buckling | eng®h is observed 5 between cross beans,
whi ch woul d cause the | ateral buckling of the main girder. In order to
prevent the lateral buckling up. In the floor slab replacenent on the
conposite girder with the precast floor slab, there have been practised
vari ous counterneasures such as the struts additional nethod, false-work

met hod, amHréudl rHer caisid Bontsriowkary Rerappimdehd Ofloor sidibmever, each of
t he above nentioned counterneasures has intrinsic di sadvant ages.

A scrapping procedure of the floor slab is described below by
referring to Figs. 5, 6, 7 and B, in which

Fig. 5 is a transverse sectional view of a bridge together with
a jack-up system 2l for scrapping floor slab blocks;

Fig. 6 is a side view of a bridge shown in Fig. 5;

Fig. 7 is a detailed plan view of Fig. 6; and

Fig. 8 is a fragmentary detailed broken view of a jack-up
system 21. “

By means of a soncrete cutter, the floor slab 2 to be scrapped
is cut to plural pieces of blocks 23, which are then drilled to form
pulling up holes 24, es shown in Figs. 5, 6 and 7. In the figures,
cutting;off portions are shown by 22. The above mentioned cutting
and dsilling order may be reversed.

As shown in Fig.:a, reaction leg portions 27 provided of
reaction jacks 28 comprising pistons 28a and cylinder tubes-28b are.
allocated on blocks 23b and 23b adjacent to a block 23a to be -
released from the gzrder. A removing girder 26 of H steel is laid.
over the reaction Jacks 28 so as to move upward and downward by
means of pistons'28a..

In this embedimeﬁts, the reactioe leg portion-27 and the
removing girder 26 afe integrally fitted to slidable cylinders 26a
and 27a so as not te_deviate therefrom. In this embodiments, these
cylinders 26a and 27a may be omitted.

Alternatively, a'ﬁeir of reaction leg portioﬁs 27 together with
the removing girder 26 laid thereon may be allocated in advance on -

the blocks 23b adjacent to both sides of the block 23a to be
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The struts additional nethod inconveniently increases gross wei ght of the
bridge. The false-work nethod is difficult depending on bridge constructing
conditions especially on | akes or valleys. Reinforcenent of the girder
section is restricted by other existid® nenbers. 15 Finally the
precast floor slab is permanently fixed to the main girder in the fourth-
procedure. According to the . present invention, there is provided a precast
floor slab replacing process for a floor slab on a main girder, conprising:
reinforcing the main girder. by 20 introduci ng enough prestress to cause a

bendi ng nMpgB&dsdd afd SR EE ﬁiﬂheQEééﬁhﬂIEgté&%ﬁ@%bnso as to function as
a bridge floor slab scrapping system as a whole.

The removing girder 26 and the block 23a to be released are
connected by hanger bolts 29 pierced through pulling-up holes of
the block 23a and through holes 26b of the removing girder 26 and
secured by nuts 20. |

" After a preparatory process for releééing the block 23a from
the bridge girder is thus completed, the reaction jacks 28 are
actuated to raise the pistons 28a, thereby foréing up the remo%ing -
girder 26. At the same time, the block 23a is pulled up by the
rgmdving girder 26, thereby separating the block 23a from the bridge
girder.

.Fig. 9 shows another embodiment of a jack-up system for
sérapping a floor slab block. In this system, reaction leg
portions 27 and 27 subjected to reaction are allocated on bloéks
23b and 23b adjacent to both sides of a block 23a to be released;
while a removing girder 26 is laid on the reaction leg portions 27
ané 27 together with center hole jacks 28' and_i%' mounted thereon
at positions corresponding to pulling-up holes 24 perforated through
the block 23a. BHanger bolts extended from the center hole jacks
28' and 28' are piercéd through the girder 26 into the pulling-up
holes 24 of the block 23a and secured by means of nuts 20 on an
under surface of the block 23a. B

After a preparatory process for releasing the block 23a is thus
completed, the center hqle jacks 28‘ and 28' are actuated to raise
the hanger bolts 29, thereby separating the block 23a from the |

bridge girder. . | } e e
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girder; cutting the floor slab into blocks and renoving the bl ocks; placing
a precast floor slab so that apertures fornmed therein are above the main
girder; tenporarily fixing the precast floor slab to the nain girder at the
apertures; releasing the tenporary fixtlre after the precast floor slab has
been nore conpletely placed; and permanently fixing the main girder and the
25 precast floor slab while releasing the prestress introduced to the nmain
girder. Preferably, the blocks are renpbved by using a jack-up system
Preferably, the apertures are | ocated above an upper flange of the main

gi rder. 30 Fig. 10 shows a further embodiment of a jack-up system for
scrapping a floor slab block. 1In this system, reaction leg portions
27 and 27 provided with reaction jacks 28 comprising pistons 28a
and cylinder tubes 28b are allocated on blocks 23b and 23b adjacent
to both sides of a block 23a to be réleased, while a removing girder
26 is laid and fixed on the reaction leg portiops 27 and 27
together with a pair of lever means 30 and 30 fitted thereon which
interlocks with tﬁe reaction jacks 28 and 28. Each of the lever
means 30 and 30 comprises a support plate 30a and a bar body 3§b in
which one end thereof is connected to the piston 28a of the
reactlon jack 28 and functions as a centroid, while the other end
acts as a loading point. A block 23a and the lever means 30 and 30
are connected each other through hanger bolts 29 and 29.

After the block 23a and the lever means 30 and 30 are thus
connected, the reaction jacks 28 and 28 are actuated as shown in'.
Fig. 11. As the pistons 28a and zéa are forced downward, the bar
bodles 30b and 30b are pulled down centering around respective
supports and the loading points are pulled up. Thus, the block 23a
connected to the removing girder 26 by means of hanger bolts 29_ana

'29 is forced upward and separated from the bridge girder.

After the block 23a is thus separated from the bridge girder,
the hanger bolts 29 Coﬁnecting'the removing girder 26 and block 23a
are unscrewed from nuts 20 to remove the removing girder 26.

Blocké to be released are separated from the bridge girder in
this manner one by one and removed by pulling-up by a crane, etc.

shear connectors are then removed to place precast floor slabs

on the main girder. . e

This Sheet Has Been“ITIlaced

AR




Preferably, each aperture is a cut-out box-like aperture. -4- Because
"prestress is introduced in the negative direction of the girder prior to
scrapping the aged floor slab and is rel eased after a new floor slab and
the girder are fixed, this constructiodZ esists agai nst external force as a

conposite section after the prestress is : :

A procedure for placing precast floor slabs will be described
in the following by referring to Figs. 12 and 13. Fig 12 is a
transverse sectional view after a part of existing floor slabs are
removed. Fig. 13 is a side view of Fig. 12. .

After the existing floor slabs are removed as shown Fig. 12,
the precast floor slabs 33 are place by means of a crane, etc. as '
shown in Fig. 13.

Structure for preventing a lateral backling is applied prior to
placing the precast floor slabs 33. | |

In Figs. 14, 15, 16, and 17, there is described a procedure how
tq élace fhe precast floor slabs applied structure for preventing
the lateral backling.

Fig. 14 is an enlarged view of a main portion of a temporarily
fiiing portion of placed precast floor slabs.

Fig. 15 is a plan view of placed precast floor slabs.

Fig. 16 is a side view of Fig. 15.

Fig. 17 is a sectiongl view taken on line 5—3 in Fig. 16.

A precast floor slab 33 is placed on rubber pads 32 arranged 6n
a flange 1b of a main girder 1. If necessary, an under surface of
the precast floor slab 33 and that of the flange 1b of the main
girder 1 are then griﬁped by tie anchor (spring plate) 34 to halt a
vertical motion of the precast floor slab 33.

The precast floor slab 33 has cut-off box portions 35, which
are formed to allocate on the upper flange 1b of .the main girder.

In order to prevent the precast fioor slab 33 té;move horizontally,
the cut-off box portions 35 are used to-temporafily fix the precast'

floor slab 33 and the main girder 1 with a fixing space left
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rrel eased, thereby allow ng the bridge to behave as an indirect dead-live

"l oad conposite girder 5 and i nprove the stress balance. No tinbering is
required during reconstruction of the conposite girder. Further, as
brackets can be renoved, ‘an external appearance of the bridge under -
reconstruction is quite neat. In addition, because of the flange provided
with no bolt hole therethrough nor wel ded portion thereon, the girder
section is kept without any decrease in sectional area and effect on
quality of the material. 10 If the floor slab is cut into blocks which are

per f or at edbelthveat gthd@ub-6£F fpageSoriOto the main girder direction.

In this embodiment, several whoily screwed studs 38 are welded
on the upper flange 1b of the main girder and allocated to the cut-
off box fortion 35 of the precast floor slab 33 on the girder. The
studs 38 are fixed by a fixing block 39 made of steel.

The fixing block 39 has threugh holes 39b for piercine and
fixing the studs 38 and is arranged on the"upper flange.lb of the
main girder 1 after the studs 38 are inserted thereto. The studs 38
are connected to the fixing block 39 by securing protruded porﬁions
thereof over the fixing block 39 with nuts 36. 39c designates a
p;ate member which is integrally formed, if necessary, on the
surface of the fixing block 39. .

A flat jack 37 is inserted between a wall surface 35a of the
cut-off box portion 35 and a wall surface 39a of the fizing block 39
and is introduced pressure thereto to strongly press against the-‘
wall surface 35a and the fixing block 39, thereby the precast floor
slab 33 and the main girder being fixed. Preferably, the flat jack
37 is inserted into both sides of the fixing block 39 and
simultaneously introduced pressure thereto.

After the precast floor slabs 33 are fixed to the main girder.
1, the traffic control may be temporarily released.

After the precast floor slab 33 is completely placed, the
fixing block 39 is removed from the cut-off box ?ortion 35 so that
the studs 38 is left to form a shear connector, Qaere concrete is
cast to fix the main girder and the’precast floo? slab 33
permanently. On the other hand, the cables 3 anaéﬁhe brackets 4

used to introduce prestress are removed to release such prestress.
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pul i ng-up thereof, while reaction leg portions provided with reaction

" jacks are placed on bl ocks adjacent both sides of a block to be released so
that a renoving girder is laid on the reaction | eg portions, the block to
be released is pulled up when the readth on jacks are actuated 15 after the
removi ng girder and the bl ock are connected by neans of hanger bolts

t hrough pulling up holes, whereby concrete around sl ab anchors of anchor
portions is stretched and sheared. Accordingly, concrete in the vicinity of
the slab anchois is broken, thereby separating blocks fromthe bridge
girder. As thehel ppésenithpsocygakat efbplanite exdstiyg Mived Hlabsednsm athea
crane, etc., the present process is nmuch safer than a conventional nethod
in composite girder with precast floor slabs is thus completed.
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20 which floor slabs thensel ves are pulled-up and broken. As the precast

" floor slab is fixed with a fixing space |eft between cut-off box portions
fornmed thereon so as to shorten the fixing space and inprove the bending
stress-strain tolerance limts of an ubfper flange, lateral backling can be
prevented. Further, because of the 25 fixing space |eft between the cut-off
box portions, problens such as an inconvenient increase in gross weight of
the bridge due to transverse.supports tenporarily applied between existing
| ateral struts or crossflanes in conventional processes, difficulty in

construct iyih+C9RdtididRd i the case of the fal se-work process and
difficulty in reinforcement in the case of the girder

1. A precast floor slab replacing process which comprises
reinforcing a main girder by introducing enough prestress to cause
a bending moment to a negative direction of the main girder,
sequently cutting the floor slab placed on the:girder to plural
pieces of blocks, scrapping and removing the pieces of blocks by
means of a jack-up system, followed by pliéing the precast floor
slab so that cut-off box portions formed thereon are allocated on
an upper flange of the main girdei, temporarily fixing éhe preéast
floor slab and the main girder at the cut-off box portions with a
f;xing space left between the cut-off box portions to the main
girder direction to prevent lateral backling thereof, releasing
such a temporary fixture after thezprecast floor slab has beeﬁ
placed, and permanently fixing the main girder and the precast flooi

slab while releasing the prestress introduced to the main girder.
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_section reinforcenent process can be avoi ded. 30 As has been déscri bed
above, the present invention provides a markedly convenient -5 - precast
fl oor slab replacing process.

Fig. 1




BRI EF DESCRI PTI ON OF THE DRAW NG 5 Fig. 1is a schematic transverse
sectional view of a bridge which main girder is reinforced by outer cables.
Fi\g. 2 is a side view of a bridge which main-girder is reinforced by outer
cables. Fig. 3 is a detailed view of nain portions of a bridge which main
girder is reinforced by outer cables. 1@ Fig. 4 is a section view
taken on line A-Ain Fig. 3. Fig. 5 is a transverse sectional view of a
bridge together with a jack-up systemfor .

2

Fig.




renmoving floor slab blocks. Fig. 6 is a side view of a bridge together with
a jack-up systemfor renoving floor slab blocks. 15 Fig. 7is a
detailed plan view of a bridge together with a jack-up system for scrapping
floor slab blocks. Fig. 8 is a fragnentary detail ed broken view of a
jack-up system Fig. 9 is another enbod@nment of a jack-up system Fig. 10

Is still another enbodi nent of a jack-up system
Fig._3
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20 Fig. 11 is an enbodi nent showi ng a situation where a bl-ock is
pulled up by a jack-up system Fig. 12 is a schematic transverse secti onal
view after' a part of existing floor slabs are renoved. Fig. 13 is a
schematic side view after a part of existing floor slabs are renoved. 25
Fig. 14 is an enlarged view of a main petion of a tenporarily fixing
portion of placed precast floor slabs. Fig. 15 is a. plan view of placed
precast floor sl abs.

Fig. 5

21
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Fig. 16 is a side view of pl aced precast floor slabs. Fig. 17 is a
sectional viewtaken on line B-Bin Fig. 16. 30

-6 - DETAI LED
DESCRI PTI ON AND THE PREFERRED. EMBODI MENTS
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Referring now to the draw ngs, the present invention will be described in
“detail. 5 A procedure to inprove stress caused in a main girder is detailed
i,;n the following by referring to Figs. 1, 2, 3 and-4, in which Fig. 1is a
transverse sectional view of a bridge which main girder is reinforced by 10
outer cables; Fig. 2 is a side view of 6a bridge showmn in Fig. 1, Fig. 3 is
a detailed vi ew of main portions of a bridge shown in Fig. 2; and

Fig. 7
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15 Fig. 4 is a sectional viewtaken on line AAAin Fig. 3. As shown in Fig.
2, a conventional steel cable 3 is anchored to brackets 4 and 4 fixed to an
under (or side) surface of the main girder 1. 2 designates a floor slab. 20
The brackets 4 and 4 are frictionally joined to the main girder 1 as shown
in Figs. 3 and 4. Mre precisely, an uider-girder bracket 11 is attached
under the main girder 1 to superinpose a bottomflange |la of the main
girder 1 on a top flange 1la of the under-girder

Fig. 9




.bracket 11, both flanges la and 1l1la being frictionally joined by neans of
hi gh tension vises 25 7. The anchor bracket 4 is provided with a
conventional take-up unit 13 consisting of a centre hole jack 8, a ram
chair 9 and a load cell 10 and is joined to a bottomflange 11b of the
under - gi rder bracket 11 through a top f8ange 4a by means of bolts 12. The
ot her anchor bracket allocated under the opposite end of the main girder 1
is indirectly fixed thereto through the under-girder bracket in a simlar
manner as descri bed above, although 30 such a bracket is not shown in Fig.
3. Nuneral 11c designates reinforcing plates. It should be understood that
the anchor bracket 4 may be frictionally joined to the main
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Dat e. -7 - girder at first hand by nmeans of the high tension vises. The
"main girder 1 is thus attached with the cable 3 anchoring brackets 4 and 4
for introducing prestress enough to cause a bending nonent to the negative
direction of the ' '
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5 main girder 1. Prestress of desired degree is then introduced to the main
“girder through the cable 3, followed by scrapping the floor slab. A
scrappi ng procedure of the floor slab is described below by referring to
Figs. 5, 6, 7 and 8 , in which 10 Fig. 5is a transverse sectional
view of a bridge together with a jack-0f system 21 for scrapping floor slab
bl ocks; Fig. 6 is a side view of a bridge shown in Fig. 5; Fig. 7 is a
detailed plan view of Fig. 6; and '

‘_l.




Flg. 8 is a fragnentary detailed broken view of a jack-up system 21. 15 By
rmeans of a concrete cutter, the floor slab 2 to be scrapped is cut to
pJural pieces of blocks 23, which are then drilled to formpulling up holes
24, as shown in Figs. 5, 6 and 7. In the figures, cutting-off portions are
shown by 22. The above nmentioned cuttihdy and drilling order may be

reversed. 20 As shown in Fig. 8, reaction |eg portions 27 provided of
reaction jacks 28

Fig. 13

M



cqonprising pistons 28a and cylinder tubes 28b are allocated on bl ocks 23b
and 23b adjacent to a block 23a to be released.fromthe girder. A renoving
gitder 26 of Hsteel is laid over the reaction jacks 28 so as to nove

- upward and downward by neans of pistons 25 28a. In this enbodi nents, the
reaction leg portion 27 and the renovind2girder 26 are integrally fitted to
slidable cylinders 26a and 27a so as not to deviate-therefrom In this
enbodi nents, these cylinders 26a and 27a may be omitted. 30

Fig. 14




-8 - 26 laid thereon may be all ocated in advance on the
13

h] ocks 23b adjacent to both sides of the block 23a to be rel eased and
provided with travelling casters so as to function as a bridge floor slab

scrappi ng systemas a whol e.

“Alternatively, a pair of reaction |eg portions 27 together'mdth-the
Fenovi ng girder

3 N 3
| r ™
...IILNQ llllllll co- . . 00—
r.nlu.| = , lll-ul-”—ll...l.l lllll - ru.l lllll
_,,I_T_.:_ r= I3l o T8l
I @ I ] @ i3 ! @ )
At Mo
o S
e Lt Jees ¢ -
f ol [ I ol
A P —Er——
q.x;;i_ r=i el r r 1ol r
3 1o i) I @ I I w )
— et ————— ——Leoi— s
U e’ AN e BEARY v
b | " £ 6g EE
N
Y8, 28 Teeoe

St b4



-

5. The renoving girder 26 and the block 23a to be rel eased-are
connect ed by hanger bolts 29 pierced through pulling-up holes of the block
23a and through hol es 26b of the renoving girder 26 and secured by nuts 20.
After a preparatory process for releasing the block 23a fromthe bridge
girder is 10 thus conpleted, the reactidé jacks 28 are actuated to raise
the pistons 28a, thereby forcing up the renoving girder 26. At the sane
time, the block 23a is pulled up by the renoving girder 26, thereby
separating the block 23a fromthe bridge girder. Fig. 9 shows another
enbodi nent of a jack-up systemfor scrapping a floor slab
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1% block. In this system reaction leg portions 27 and 27 subjected to
réaction are allocated on bl ocks 23b and 23b adjacent to both sides of a
blck 23a to be rel eased, while a renoving girder 26 is laid on the
reaction leg portions 27 and 27 together with centre hole jacks 28 and 28
nmount ed thereon at positions correspondi®g to pulling-up holes 24
perforated through the bl ock 23a. Hanger bolts extended fromthe centre
hol e jacks 28" 20 and 28' are pierced through the girder 26 into the
pul I'i ng-up holes 24 of the block 23a and secured by nmeans of nuts 20 on an
under surface of the block 23a. After a preparatory process for rel easing
the bl ock 23a is thus conpl et ed, the

Fig. 17
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centre hole Jacks 28' and 28' are actuated to raise the hanger WOt 29,

" thereby separating 25 the block 28a from'the bridge girder. Fig. 10 shows a
further enbodi nent of a jack-up systemfor scrapping a floor slab block. In
this system reaction |eg portions 27 and 27 provided with reaction jacks
28 conprising pistons 28a and cylinder tubes 28b are allocated on bl ocks
23b and 23b 30 adjacent to both sides of a block 23a to be rel eased, while
a renoving girder 26 is laird and fixed on the reaction |eg portions 27 and
27 together with a pair of |ever nmeans 30 and 30

ABSTRACT
PRECAST FLOOR SLAB ]?.EPLACING PROCESS

A precast replacing procéss which comprisés reinforcing a main
floof slab girder by introducing enough prestress to cause a bending
moment to a negative direction of the main girder 1, sequentially
cutting the floor slab 2 placed on the girder to plural pieces of
blocks, scrapping and removiné the pieces of blocks by means of a
jack-up system, focllowed by placing the pfécast floor élab 33 so
that cut-off box portions 35 formed thereon are ailocated.on an
upper surface of the main girder, temporarily fixing thé preca;t
floor slab and the méin girder at the cut-off box portions with a
f;xing space-left between the cut-off box portions to the main |
girder direction to prevent lateral backiing ther;of, releasing such
a temporary fixture after the precast f£loor slab has been placed,
and permanently fixing the main girder and the précast floor slab

while releasing the prestress introduced to the main girder.
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thereon which interlocks with the reaction jacks 28 and 28. Each

ver means 30 and 30 corrprl ses a support pI at e 3Qa—amd—a—tar—body
LIAN@ATENT OFFIEE! is connected to the piston zwpwﬂomﬂoreactlon
REBORENCti ons as a centroid, while the other end|&6 961887064 | oadi ng

BT OF RN Gastaatln s 1 5 i © 0ot o €SN OTMET

A precast floor slab replacing process which comprises reinforcing a main ﬂoor slab girder by introducing enough
prestress to cause a bending moment to a negative direction of the main girder (1) sequentially cutting the floor slab
(2) placed on the girder to plural pieces of blocks, scrapping and removing the pieces of blocks by means of a jack-up
system, followed by placing the precast floor slab (33) so that cut-off box portions (35) formed thereon are allocated
on an upper surface of the main girder, temporarily fixing the precast floor slab and the main girder at the cut-off box
portions with a fixing space left between the cut-off box portions to the main girder direction to prevent lateral
buckling thereof, releasing such a temporary fixture after the precast floor slab has been placed, and permanently
fixing the main girder and the precast ﬂoor slab while releasmg the prestress mtroduced to the main girder.
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After the block 23a and the | ever neans 30 and 30 are thus connected, the
reaction jacks 28 and 28 are actuated as shown in Fig. 11. As the pistons
28acand 28a are forced downward, the bar bodjes 30b a d Sogﬂg g bgg
cenptering around respective 10 supports and HEﬁW%$ﬂ§ gehortugurt | ed
‘up. ‘Thus, the block 23a connected to the renoving.girder 26 by neans of
hanger boIts 29 and 29 is forced upward and separated fromthe bridge
girder. After the block 23a is thus séparated fromthe bridge girder, the
hanger bolts 29 15 connecting the renoving girder 26 and bl ock 23a are
unscrewed fromnuts 20 to renpve AL

PRECAST FLOOR SLAB REPLACIN PROCESS

The present invention relates to a precast floor slab relacing process, such as a bridge
floor slab replacing process involving removal of an ex1stmg floor slab from a bridged

5 composite girder and placing thereon a new precast floor. slab for example.

As concrete bridge floor slab of viaduct, etc. are damaged with aging under a severe

condition such as incessant traffic of cars and trucks, weathenng and the like, damaged

precast floor slabs have to be repaired or replaced. A shghtl':__; damaged floor slab can be
10 reinforced by fitting a steel plate, but heavily damaged one should necessanly be replaced as
a whole.

There are two kinds of processes for replacing a damaged floor slab. According to a

conventional replacing process, a new concrete floor slab is completed by removing damaged

15 one, subsequently framing a form, arranging bars thereon andﬁnally casting concrete. The

other replacing process comprises removing damaged one fdl_lpwed by placing thereon a
precast floor slab which has been prepared in a factory.

Such a replacement is conducted on a bridge under a in-service condition and thus
20 should be completed in a short construction period. Accordingl}%,; -,':the precast floor slab which
can shorten the period is primarily employed in the replacing process.

The floor slab replacing process with the precast one'?-ﬁ_éénerally comprises several .
procedures as in the following. -
25

In the first procedure, stress caused in the main glrder is unpr" ved. As a rule, the floor slab
and the girder function as a composite section and possesses large flexural rigidity, while the
girder only functions as a section and no longer has sufficient ﬂe}gural rigidity after the deck
is removed. As a countermeasure to this, improvement of theglrder by means of an outer

30 cable is practiced.
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the renoving girder 26. Blocks to be released are separated fromthe bridge
girder in this manner one by one and renoved by. pulling-up by a crane, etc
20 Shear connectors are then renoved to plac recast fl oor, sl abs

main girder. A procedure for placing precastg Bﬁ%ﬁ;:glsgﬁgtvﬁ sﬁggg bed
inthe following by referring to Figs. 12 and 13. ‘Fig. 12 is a transverse
séctional view after a part of existid®)-25 fl oor slabs are renoved. Fi g 13
is a side view of Fig. 12. :

In such a method for improving stress caused in the gxrder by means of the outer
cable, a cable made of steel or new material such as carbon 1s arranged on an under or side
surface of the girder to the axial direction and stressed to ad«;i;g-negatxve bending moment to
the girder and balance thereof against a positive bending moment caused by load to be loaded.

However, a cable anchoring bracket is connected to the 'f_.girder by means of a bracket
flange and bolts after bolt holes are perforated through a glrder flange or fixed thereto by
welding, thereby reducing a sectional area or properties of the girder.

10 In the second procedure, the floor slab placed on the gu:der is removed. According to
conventional removing methods, after a construction site is occupled by controlling the traffic,
floor slab concrete is crushed in order from peripheral poruons tﬁereof by means of a crusher
such as a concrete breaker, or cut to blocks of appropriate sues for taking out of the site by
means of a concrete cutter or a concrete breaker, then the blocks are put on a truck by truck

15 crane, and taken from the site.

However, the floor slab cohcrete thus crushed tendé-_:_-.to fall down in the former
method, which should be collected on scaffolds in the case of anver bridge, while it requires
many hands and cost to pick up and take out the fallen concrete On the other hand, as the

20 floor slab concrete is generally anchored to the bridge glrderby means of steel bars or
members called slab anchors, it is difficult to pull up the ﬂoor slab by a crane unless such
concrete breaker, eic.
Accordingly, the floor slab should be crushed to smaller:sxieq ;blocks than expected in the
dov n on the scaffolds, which |
. Further, if the floor slab
shock from the floor slab

upon releasing thereof from the slab anchors would cause a dan ous turnover of the crane

anchored portions are broken and released therefrom b :

latter case, while a considerable amount of concrete is fallen
25 disposal requires many hands and cost similarly as describ_e_d'i
is lifted by a crane to break the concrete as it is, a significant im

due to a counteraction of the shock. In addition, in case of thr type bridge, performance

of the crane is not always fully exhibited at an obtuse ele_'vati angle of the boom. In the
30 third procedure, the precast floor slab is placed. A lateral buckling of the girder does not

occur because the floor slab to be placed is fixed to the inéih girder by means of shear

"his is the replacement sheet
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After the existing floor sl abs are renoved as shown Fig. 12, the precast
floor slabs 33 are place by neans of a crane, etc. as shown in Fig. 13. 30

Structure for preventing a lateral backling is a{g lied priqgr to placi r&g t he
precast floor slabs 33. - 10- Substitute sheet - 3 August 199

~3-

connectors. While, tmder a condition where the old floor slab is already removed from the
girder and the precastls merely placed thereon, construction vehicles used for floor slab

replacing or other carsand trucks passing through the secondary construction side affect an

upper ﬂa:igc portion as'a compressive side so that a change m buckling length is observed

5 between cross beams, which would cause the lateral buckling of the main girder. In order to
prevent the lateral bucklmg up. In the floor slab replacement.' on the composite girder with
the precast floor slab, there have been practised various countermeasures such as the struts

additional method, false-work method, and a girder section fgiﬁforcing method.

10 However, each ofthe above mentioned countermeasures. has intrinsic disadvantages.
The struts additional method inconveniently increases gros_s_ weight of the bridge. The
false-work method is dlfﬁClllt depending on bridge constructing ;_:_(mditions especially on lakes

or valleys. Reinforcemeént of the girder section is restricted by other existing members.

15 | Finally the preéast.ﬂoor slab is permanently fixed to the main girder in the fourth

procedure.

According to thg_,:_present invention, there is provided a precast floor slab feplacing

process for a floor slabon a main girder, comprising: reinforcing the main girder by

20 int:mducingE enough prestress to cause a bending moment in a :;égaﬁve direction of the main
girder; cutting the ﬂoor-é}:}a;lq into blocks and removing the blocks; placing a precast floor slab

so that apertures fonnéé Fﬁ;;erein are above the main girder; temporanly fixing the precast

floor slab to the main gir

¢ at the apertures; releasing the temporary fixture after the precast
floor slab has been more completely placed; and permanently ﬁxmg the main girder and the

25 precast floor slab while ,_r_'éie’:asing the prestress introduced to themam girder.
Preferably, the bléﬁt:ks are removed by using a jack-up: ;s_ylstem.

Preferably, the apértures are located above an upper ﬂange of the main girder.
30 ' b

“This is the replacement shest

Date: =4 AUG 1099



In Figs. 14, 15, 16, and 17, there is described a procedure how to pl ace
the precast floor slabs applied structure for preventing the | at er al

backling. Fig. 14 is an enlarged view of a ' rti te NANdd Y
fixing portion of 5 placed: precast floor sla é’g ﬁf s?'!? %gg‘%?\}gg,é of
pl aced precast floor slabs. Fig. 16 is a side view of Fig. 15. 10 Fig. 17
I $ a sectional view taken onllne B- B-#n Fi g. 16

Because prestr'ess is introduced in the negative direction of the girder prior to
scrapping the aged ﬂoor slab and is released after a new floor slab and the girder are fixed,
this construction resrsts -against external force as a composrte section after the prestress is
released, thereby allowmg the bridge to behave as an indirect dead-live load composite girder

5 and improve the stress ‘balance. No timbering is required: dunng reconstruction of the
composite girder. Further as brackets can be removed, an external appearance of the bridge
under reconstruction 1s qurte neat. In addition, because of the flange provided with no bolt
hole therethrough nor welded portion thereon, the grrder section is kept without any decrease
in sectional area and effect on quahty of the material.

10

If the floor slab is cut into blocks which are perforated through both surfaces for
pulling-up thereof, whxle reaction leg portions provided wrth reaction jacks are placed on
blocks adjacent both srdes of a block to be released so that a removing girder is laid on the
reaction leg portions','thégi___l‘)'lock to be released is pulled up when the reaction jacks are actuated

15 after the removing gn'der -and the block are connected by nreans of hanger bolts through
pulling up holes, whereby concrete around slab anchors of anchor portions is stretched and
sheared. Accordmgly, concrete in the vicinity of the slab anchors is broken, thereby
separating blocks from t;__l__e_bndge girder. As the blocks thus separated can be easrly moved
by means of a crane, etc, the present process is much safer tnan a conventional method in

20 which floor slabs ther_ns'e_lves are pulled-up and broken.

As the precast ﬂoor slab is fixed with a fixing space left'-. between cut-off box portions
formed thereon so as to shorten the fixing space and rmprove the bending stress-strain '
tolerance limits of an upper ﬂange, lateral backling can be prevented Further, because of the

25 fixing space left between_, .the cut-off box portions, problems such as an inconvenient increase
in gross weight of me.briéige due to transverse supports temporanly applied between existing
lateral struts or crossﬂar__z‘ies in conventional processes, dtfﬁculty in constructing conditions

in the case of the false-viork process and difficulty in reinforeernent in the case of the girder

section reinforcement pr Jcess can be avoided.
30 :

As has been described above, the present invention provides a markedly convenient
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A precast floor slab 33 is placed on rubber pads 32 arranged on a flange |Ib
of a main girder 1. If necessary, an under surface of the precast fl oor

slab 33 and that of the 15 flange |b of the main_girder 1 are then_qgripped
by tiie anchor (spring plate) 34 to halt a ve$¥b%téﬂut‘m§hﬁéﬁ'&Apﬁés‘bi‘g@gst

..floor slab 33. The precast floor slab 33 has cut-off box portions 35, which
are formed to | ocate on the upper flan§e |b of the main girder. 20 In order
to prevent the precast floor slab 33 to nove horizontally, the cut-off. box

precast floor slab replacing process.
BRIEF DESCRIPTION OF THE DRAWING

5 Fig. 1isa séh_eﬁmtic transverse sectional view of a bridge which main girder is
reinforced by outer cables. |
Fig. 2 is a side view of a bridge which main gii‘der i§'_1r¢inforced by outer cables.
Fig. 3 is a detailed view of main portions of a bﬂdge Whlch main girder is reinforced
by outer cables. _
10 Fig. 4isa section view taken on line A-A in Fig. 3..
Fig. 5 is a transverse sectional view of a bridge tog_gther with a jack-up system for
removing floor stab blocks. -
Fig. 6 is a side view of a bridge together with a jack-up system for removing floor slab
blocks. -
15 Fig. 7 is a detailed plan view of a bridge together with a jack-up system for scrapping
floor slab blocks.
Fig. 8 is a fragmentary detailed broken view of a jack-._ﬁp- system.
Fig. 9 is another embodiment of a jack-up system. ._ '
Fig. 10 is still another embodiment of a jack-up syste:_il__. |
20 Fig. 11 isan embo_diment showing a situation where a block is pulled up by a jack-up
system. -
Fig. 12 is a schematic transverse sectional view after apart of existing floor slabs are
removed. _
Fig. 13 is a schematic side view after a part of ex:stmg floor slabs are removed.
25 Fig. 14 is an enlarged view of a main portion of a temporanly fixing portion of placed
precast floor slabs. o
Fig. 15 is a plan view of placed precast floor slabs.
Fig. 16 is a side view of placed precast floor slabs.
Fig. 17 is a sectional view taken on line B-B in Fig. 16 |
30
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portions 35 are used to tenporarily fix the precast floor slab 33 and the
main girder 1 wwth a fixing space |left between the cut-off portions to the
main girder direction. 25 In this enbodi nent, . several wholly screwed
studs_ 38 are wel ded on the upper flange | b ofSubftithts ahest y8rAUGNEta] $9Rat ed
to'the cut-off box portion 35 of the precast floor slab 33 on the girder.
The studs 38 are fixed by a fixing bl ocl-39 made of steel. The fixing bl ock
39 has through holes 39b for piercing and fixing the studs 38 and 30 is -
arranged on the upper flange Ib of the main girder 1 after the studs 38 are
inserted thereto. The studs 38 are connected to the fixing block 39 by

securing protruded_portiaons
DETAILED DESCRIPTION AND THE PREFERRED EMBODIMENTS

Referring now to the drawings, the present invention will be described in detail.

A procedure to improve stress caused in a main girder is detailed in the following
by referring to Figs. 1, 2, 3 and 4, in which

Fig. 1 is a transverse sectional view of a bridge which main girdéf is reinforced by

10 outer cables;
Fig. 2 is a side view of a bridge shown in Fig. 1;

Fig. 3 is a detailed view of main portions of a bridge shown in Fig. 2; and

15
Fig. 4 is a sectional view taken on line A-A in Fig. 3.
As shown in Fig. 2, a conventional steel cable 3 is anchored to brackets 4 émd 4
fixed to an under (or side) surface of the main girder 1. 2 designates a floor slab.
20 '

The brackets 4 and 4 are frictionally joined to the main girder 1 as shown in Figs.
3 and 4. More precisely, an under-girder bracket 11 is attached under the main girder 1 to
superimpose a bottom flange la of the main girder 1 on a top flange 1la of the under-girder
bracket 11, both flanges la and 1ia being frictionally joined by means of high tension vises |
25 7. The anchor bracket 4 is provided with a conventional take-up unit 13 consisting of a
centre hole jack 8, a ram chair 9 and a load cell 10 and is joined to a bottom flange 1ib of
the under-girder bracket 11 through a top flange 4a by means of bolts 12. The other
anchor bracket allocated under the opposite end of the main girder 1 is indirectly fixed
thereto through the under-girder bracket in a similar manner as described above, although
30 such a bracket is not shown in Fig. 3. Numeral 1lc designates reinforcing plates. It
should be understood that the anchor bracket 4 may be frictionally joined to the main
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- 11 - thereof over the fixing block 39 with nuts 36. 39c designates a
pl ate nmenber which is integrally fornmed, if necessary on the surface of
the fixing block 39. Aflat jack 37 is inserted between avvgle& sur f 35a
of the cut-off box portion 35 5 and a wal | suPYRStHUtShest ¢ W%tnggﬁ%ck
39 and is introduced pressure thereto to strongly

-7-

girder at first hand by means of the high tension vises.

The main girder 1 is thus attached with the cable 3 anchoring brackets 4 and 4 for
introducing prestress enough to cause a bending moment to the negative direction of the
5 main girder 1. Prestress of desired degree is then introduced to the main girder through
the cable 3, followed by scrapping the floor slab.

A scrapping procedure of the floor slab is described below by referring to Figs. 5,
6, 7 and 8 , in which
10 Fig. 5 is a transverse sectional view of a bridge together Wim a jack-up system 21
for scrapping floor slab blocks; |
Fig. 6 is a side view of a bridge shown in Fig. 5;
Fig. 7 is a detailed plan view of Fig. 6; and
Fig. 8 is a fragmentary detailed broken view of a jack-up system 21.
15
By means of a concrete cutter, the floor slab 2 to be scrapped is cut to plural pieces
of blocks 23, which are then drilled to form pulling up holes 24, as shown in Figs. 5, 6
and 7. In the figures, cutﬁng-off portibns are shown by 22. The above mentioned cutting
and drilling.order may be reversed. '
20
As shown in Fig. 8, reaction leg portions 27 provided of reaction jacks 28
comprising pistons 28a and cylinder tubes 28b are allocated on blocks 23b and 23b
adjacent to a block 23a to be released from the girder. A removing girder 26 of H steel is
laid over the reaction jack_s.28 50 as to move upward and _dbwnward by meaus of pistons
25 28a.

In this embodiments, the reaction leg portion 27 and the removing girder 26 are
integrally fitted to slidable 'cylinders 26a and 27a so as not t_b deviate therefrom. In this
embodiments, these cylinders 26a and 272 may be omitted.

30

Alternatively, a pai'r;df reaction leg portions 27 together with the removing girdef
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press against the wall surface 35a and the fixing block 39, thereby the
precast floor slab 33 and the main girder being fixed. Preferably t he flat
jack 37 is inserted into both sides of the fixin % bl ock

si mul t aneously introduced pressure thereto. Rubslitute iff‘!%tr gl‘f’é‘%séc%%‘?g
floor slabs 33 are fixed to the main girder 1, the- traffic control may be
tenporarily rel eased. After the precast floor slabs 33 is conpletely

pl aced, the fixing block 39 is renoved-Bromthe cutsoff box portion 35 so
that the studs 38 is left to forma shear 15 connector, where concrete is

cast-to fix the main girder and the precast floor "slab 33
26 laid thereon may be allocated in advance on the blocks 23b adjacent to both sides of the

block 23a to be released and provided w1th travelling casters so as to function as a bridge

floor slab scrapping system as a wholc

5 The removing girder 26 and the block 23a to be released are connected by hanger
bolts 29 pierced through pulling—hp holes of the block 23a and through holes 26b of the
removing girder 26 and secured by nuts 20. B

After a preparatory process for releasing the block 233 from the bridge girder is
- 10 thus completed, the reaction jacks 28 are actuated to ralse the pistons 28a, thereby forcing
up the removing girder 26. At the same time, the block 23 """"1s pulled up by the removing
girder 26, thereby separatmg the block 23a from the bndge gn'der

Fig. 9 shows another embodiment of a jack-up system for scrappmg a floor slab
15 block. In this system, reaction leg portions 27 and 27 subJected to reaction are allocated
on blocks 23b and 23b adjacent to both sides of a block 23a: to be released, while a
removing girder 26 is laid on the reaction leg portions 27 and 27 together with centre hole
jacks 28' and 28' mounted thereon at positions correspond' g t0 pulling-up holes 24
perforated through the block 23a. Hanger bolts extended from the centre hole jacks 28'
20 and 28' are pierced through the girder 26 into the pullmg-up holes 24 of the block 23a and

secured by means of nuts 20 on an under surface of the blo_c_:_l_g___. 23a.

After a preparatory process for releasing the block 732 is thus completed, the
centre hole jacks 28' and 28' are actuated to raise the hang ‘bolts 29, thereby separating

25 the block 23a from the bridge girder.

Fig. 10 shows a further embodiment of a jack-up syst for scrapping a floor slab
block. In this system, reaction leg portions 27 and 27 pro' 1 with reaction jacks 28
blocks 23b and 23b

6ving girder 26 is laid and

comprising pistons 28a and cylinder tubes 28b are allocated
30 adjacent to both sides of a block 23a to be released, while

fixed on the reaction leg portions 27 and 27 together with aﬁ'gp of lever means 30 and 30
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permanently. On the other hand, the cables 3 and the brackets 4 used to
i ntroduce prestress are renoved to rel ease such prestress. The present

process for replacing existing floor slabs fromthe conposite girder 920
with precast floor slabs is thus conpleted. Substiiyte sheet- 3 August 1999

fitted thereon which interlocks with the reaction jacks 28 and 28. Each of the lever means
30 and 30 comprises a support plate 30a and 2 bar body 30b in which one end thereof is
connected to the piston 28a of the reaction jack 28 and funcuons as a centroid, while the
other end acts as a'lo-_a'ding: point. A block 23a and the lever means 30 and 30 are

5 connected each other _throﬁgh hanger bolts 29 and 29.

After the block 23a and the lever means 30 and SQ_--are thus connected, the reaction
jacks 28 and 28 are act'uated as shown in Fig. 11. As th_é‘_ ;pi$tons 28a and 28a are forced
downward, the bar bodies 30b and 30b are pulled down centering around respective

10 supports and the loading pbints are pulled up. Thus, the'_bl_ock 23a connected to the
removing girder 26 by'melans of hanger bolts 29 and 29 1s .'fb_rced upward and separated
from the bridge girder.

After the block 23a is thus separated from the bridge girder, the hanger bolts 29
15 connecting the removing girder 26 and block 23a are uns;‘:tewed from nuts 20 to remove
the removing girder 26.

Blocks to be released are separated from the bridgé__ girder in this manner one by
one and removed by pulling-up by a crane, etc. |
20

Shear connectors are then removed to place precas;t\:_ﬂoor slabs on the main girder.

A procedure for pla}ping precast floor slabs will béﬁ_dqscribed in the following by
referring to Figs. 12 and 13. Fig. 12 is a transverse secti_f nal view after a part of existing

25 floor slabs are removed. Fig. 13 is a side view of Fig. 12. |

After the existing floor slabs are removed as shownFlg 12, the precast floor slabs

33 are place by means of a crane, etc. as shown in Fig. 13 ;

30 Structure for preventing a lateral backling is appliéa; ﬁrior to placing the precast
floor slabs 33. :
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CLAI M5 1. A precast floor slab replacing process for a roor sI ab on a
mai n girder, conprising: 5 reinforcing the main girder

i ntroduci ng enough prestress to cause a bending nonment e atlv
direction of the main girder; cutting the fI&%%F‘é@?hﬁeG g? st P99
renovi ng the bl ocks; placing a precast floor slab so that apertures forned
therein are above the mai n gi rder; -10-

In Figs. 14, 15, 16, and 17, there is described a prb'éedure how to place the precast
floor slabs applied structure for preventing the lateral baéigting.

Fig. 14 is an enlarged view of a main portion of a i;_é;_nporarily fixing portion of
5 placed precast floor slabs.

Fig. 15 is a plan view of placed precast floor slabs.

Fig. 16 is a side view of Fig. 15.
10
Fig. 17 is a sectional view taken on line B-B in Fig. 16.

A precast floor slab 33 is placed on rubber pads 32 arranged on a flange Ib of a
main girder 1. If necessary, an under surface of the precas't". floor slab 33 and that of the
15 flange b of the main girder 1 are then gripped by tie anchor (spnng plate) 34 to halt a
vertical motion of the precast floor slab 33.

The precast floor slab 33 has cut-off box portions 35, which are formed to locate
on the upper flange Ib of the main girder.
20 |
In order to prevent the precast floor slab 33 to move.._-_ horizontally, the cut-off box
portions 35 are used to temporarily fix the precast floor slab .,33 and the main girder 1 with

a fixing space left between the cut-off portions to the main glrder direction.

25 In this embodiment, several wholly screwed studs 38_ are welded on the upper
" flange 1b of the main girder and allocated to the cut-off box yortion 35 of the precast floor
slab 33 on the girder. The studs 38 are fixed by a fixing 'b_ ck 39 made of steel.

The fixing block 39 has through holes 39b for p1ercmg and fixing the studs 38 and
30 is arranged on the upper flange Ib of the main girder 1 after the studs 38 are inserted
thereto. ‘The studs 38 are connected to the fixing block 39by securing protruded portions
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10 tenporarily fixing the precast floor slab to the main girder at
the apertures; releasing the tenporary fixture after the precast floor slab
has been nore conpletely placed; and permanently fixing the main girder and
the precast floor slab while releasing the prafistigute shagtsddAugust 1929 main
girder. 15 2. A process according to claim1l, wherein the blocks are
renoved by using a jack-up system

-11-

thereof over the fixing block 39 with nuts 36. 39c¢ desxgnates a plate member which is
integrally formed, if necessary, on the surface of the fixing: b_lock 39.

A flat jack 37 is inserted between a wall surface 35a Qf the cut-off box portion 35
5 and a wall surface 39a -_of the fixing block 39 and is introduced pressure thereto to strongly
press against the wall surface 35a and the fixing block 39,;@1:ﬁ§reby the precast floor slab 33
and the main girder being fixed. Preferably, the flat ja¢k 37xs inserted into both sides of
the fixing block 39 and simultaneously introduced pressuré thereto.

10 After the precast floor slabs 33 are fixed to the main. girder 1, the traffic control -
may be temporarily released. |

After the precast floor slabs 33 is completely placed, _ﬂ;e fixing block 39 is
removed from the cut-off box portion 35 so that the studs 38 1s left to form a shear

15 connector, where concrete is cast to fix the main girder and the precast floor slab 33
permanently. On the other hand, the cables 3 and the bracket_é 4 used to introduce

prestress are removed to release such prestress.

_ The present process for replacing existing floor slabs ﬁom the composite girder

20 with precast floor slabs is thus completed.
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3. A process according to claim1l or 2, wherein the apertures are

| ocat ed above an 20 upper flange of the main girder. 4. A process
according to any one of clalms 1 to 3, whereip each aperturg js a cuj-oqut
box- I j kegapert u?le O gubst&ute Sheet - 3 August Jllésg

-12-
CLAIMS
1. A precast floo b replacing process for a floor slai:b_'- on a main girder,
comprising: ' '

5 reinforcing the main girder by introducing enough pré‘stress to cause a bending

ion of the main girder;

into blocks and removing the blocks,

"dor slab so that apertures formed ":th-erein are above the main

10 temporanly fixm __: e precast floor slab to the main glrder at the apertures;
releasmg the temporary fixture after the precast floor slab has been more

completely:placed; and
permanently ﬁxmg the main glrder and the precast ﬂoor slab while releasing the

prestress introduced to the o

15 .
2. A process accordmgto claim 1, wherein the blocks are removed by using a jack-up
system. LR .
3. A process acco_if'd"'“ ‘to claim 1 or 2, wherein the apertures are located above an

20 upper flange of the main

4. A process according to any one of claims 1 to 3, wherein each aperture is a cut-out

box-like apérture.
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