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WD 2004/ 109018 PCT/ PT2004/ 000011 1 DESCRI PTI ON
GANTRY W TH AUTO- ADJUSTI NG PRESTRESSI NG 5 Techni cal
woizedacodthes i nvention relates to a gantry for BEE/PITR004/000011
construction, and nore specifically to a gantry
equi pped with a systemthat automatically adjusts it's
prestressing. 10 Background Art I n nodern civil
engi neering, the use PESEBRIPEEONover sl ung and
underslung) in the construction of bridges and
vi aducts has | argely overtaken ground resting
scaf fol di ng. However, the factor that 15 hinders
t hei G ANTR YeWdrEHi AUT OsA DIJUSHANGPRESTRESSING
represent a large investnment in terns of materials and
construction | abour. Although present gantries are
reusable, it is also very conmmon for .themto require
Technigad Kieldpt ati on, in particul ar when the project calls
for it to carry nore load then it was initially
designed for. This adaptation is in itself a very tine
This inceniunichgesateda ganperfei vee pr oomstimctivn, cindnmpreaspeyifgellpyts a gantry
t he pace of construction. 20 The use of prior art
equlppe&émh p gysteqn dhat g“tﬁmaggalgfms&solﬁg PHSHEISI risk. This is
because they are structures that are neant to support
" a great deal of permanent and vari abl e | oads and can
Backgrbaad Ard a great deal of deformations and stresses
that weaken the structure and nay eventually lead to
its collapse. Several accidents have occurred in the
In moddAttvil e’r%ui@%ﬁn% SBe ﬁge STahheRs %ve&sﬂlﬁl@ﬂﬁi wddeRIag) 4stha bb@struc‘uon of
prestressi ng have been used in the past to strengthen
bridgesand vialuetsdras dargelcrveriekei grgund resting sepffpldisg diowpvernige factor that

hinders Qﬁ%} %qy\%%g%r%at | glrs]% f%&%o 6[5% ﬁeycg pﬁ{?ré{f oﬁnéfe%%mem in terms of

matena%ﬂn&%ﬂ)ﬁﬁrudt‘i@ﬂ@éb@hf AhRSgh prdsént Ghbitiies afeagilabRdittihialso very common
i ntroduction of external tools to increase or decrease

for thern He reqHEs wredeptatipe i8@agtimassvhepnilie upiadit atls tfosE Jo £pgy more load
spopse d t
YN W T ——
expensilvB poceiy whieh odhaljalelH4itige pare of enanoetiol. the girders.
oj ect of the Invention SUBSTI TUTE SHEET (RULE 26) WO
2004/ 109018 PCT/ PT2004/ 000011 2

The use of prior art gantries also implies some considerable risk. This is because they are

structures that are meant to support a great deal of permanent and variable loads and can lead to
a great deal of deformations and stresses that weaken the structure and may eventually lead to its

collapse. Several accidents have occurred in the past.

The use of cables or tendons with adjustable prestressing have been used in the past to strengthen
and reinforce concrete girders as can be seen in the patent applications WO 00/68508
(Interconstec Co. Ltd), WO 02/28168 (Interconstec Co. Ltd) and WO 01/27406. However, these
structures required the introduction of external tools to increase or decrease the tension of the
cables. The adjustment was also not made in response to the loads applied to the structure at any

given time, but was rather included in a strategy of periodic maintenance of the girders.

Object of the Invention

SUBSTITUTE SHEET (RULE 26)
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It is the primary object of the present invention to
provide a gantry with an automatic or sem - automatic
weyei4anyag adj usting the prestressing of the gaorPY2®4/000011
structure in accordance to the external actions being )
It is thappimaesd objact of thneonesbmaavet@@nd@ durvade & gpmtry wvith dnyauteraatic or semi-

ct of t {
autome) 5t af pifRafie Bk BTER Tt RaRh S P ReRak Fesosgance 1o the
externa® bétiond e R gSpplied bl@ﬂb&h}énmlﬁgh@bmﬁsssesses a system
capabl e of countering deformations and stresses in
the structure of the gantry imedi ately after
Itisa ﬂﬁh&%@, géélsotfgﬁ é&hgz ve‘ﬁﬁ?%dc ?’gile %&gp%gk%ﬁ%%@g&hﬁ %%Hent gantry than

ones oﬁtthé lpriar faut; trhexe qiapﬁ'm‘allpfoné hkatpp@sesses ansystein @Elpabd)a of countering
provide a gantry that is capable of su portl

deformpiigns aHreS ke Arvctymiipe SpnteqUrpaanty afgtdeliiing thom, thus
tr obj ect
L R A
able to be wused for strenghtening dlfferent old or

s s S B e A Aol S i i of spporing

more 1RHIGBENE phHOVENEARR FQNivaRat Sz O0RRisidiciupdl niag I n the
constructlon process "of bridges, viaducts and other
structures, said gantry conprising: a main 20 | oad

arin east, .one .unbonded, cabl Q. o .
Finallyy fag o S oS i ef o be DTl R ISR RO POF e R i B hish s able to be
used fof 8RERMtRIAE R AinE o Rl Ir e tUinthcBitg QAnfRSQARs.anchorage for
securing the opposite end of sald unbonded cable to
the said structure; characterized in that there is
. rovi.de east one sensor capable of neasuring a
D“““%ﬁ???ﬂ%?“V%Ph&?|on in said main structure, an
el ectronic interface converting said neasurenents

into readable data and transm tting said data to a
Accordénghitp oty droadsi asred, dbmtbresenteinvsatiog rrapde @ santry for use in the

constru%fl[)ﬁ X’?CEJ&FESG 813 gnagetsu @faﬁﬁcgwala& gﬂ%g%frgctangv\%z@ g%ﬁ’ﬂrﬁ comprising: a main

Joad beaﬁng birectofe; btriedse asd mbondediexbies adirsihricheragefigisecuring one end of said
unhnuég nbonded cable in accordance to the neasurenents.

le pribe saidcsiitEn Asd 2 capmel enchowge Pt FREHrn i pigRosite end of
said un%Bn@éEf &lidto § Aﬁ dalestRRAEOU R R tefinGl ﬁ?ﬂfjﬂtr{ﬁ&@ is gg)wded at least one

tructure and may assun€ a || near or ti-1
sensor Ica;;ablet of in&asdnmgea/ph}wcaf vztrt&hlna ibeaidgmamrsiructuas ancadectronic interface

conver@gg.@? lpagg rrth%g{srg@%g dgt%ar% q}zil aﬁé}rh@gﬁénal gﬂg e)% aetrcgraltroller said

control%?%irfg ) Q&fx‘/ﬁtmé Ql?%@tuﬁtﬁi: Q@ﬁﬁg?e%tsbl?étﬂ’gerp N8 GhrBGure and said

to structural elenents which nmay secure nore than one
unbonded clableaapel. wiiichse cqtablﬁoafunedeaﬂmgnﬁdecse&sn@ the rerston of said unbonded
stlff(fned ates. GCenerally, the only restriction is

cable ig gegor SGSEmENs 1B UI d not cone into conflict

with 35 neither the structure nor the construction

process. SUBSTI TUTE SHEET (RULE 26) WO 2004/ 109018
The saplCuniRTRIed 4ablRocnibe gither internal or external to the contours of the said main

structure and may assume a linear or multi-linear layout. In the event of there being more than
one cable, there may be a mixture of internal and external cables, whose ends are individually
secured by specific anchorages, those anchorages being conected to structural elements which
may secure more than one anchorage. Those structural elements are common stiffened plates.
Generally, the only restriction is that the cable’s layout should not come into conflict with

neither the structure nor the construction process.

SUBSTITUTE SHEET (RULE 26)
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As nmentioned above, the main structure is nonitored by
at | east one sensor, located either in the
woeighlogus hood, surface or interior of an el emeat/Pat004/000011
the gantry or may even be external to the nain
structure In general terms, the Iocation of the
As mexitg)ﬁeg 8‘% r e :P@&hgsglgs noltg ﬁnoiﬂét&é éﬁB{ artzg S gﬂ@se"iﬁ? 3 c;che& either in the
neighbd@hbéd, s0ffEce08r {teidiedfMnSdlémiet Ldf&hd\/gem’try br by dven beeexternal to the
The neasurenents that are useful for the calculation
main Sfétﬂct'ﬁlﬁehl gAner itrinsaiig lesatign pEtheiSeRS0B 0T peNSOrsFp PeleiRastapieso long as

they caglo r?tfé: tﬁe%@ﬁe gtg)% gfeﬁg%%ed%]slggl e @gl%lgs?(&{%erp%lg dstructure when it is

mimalevels tensi ons, extensions or pressures. The gantry
is also preferabl y equi pped with one or nore auxiliary
» sensors for nmeasuring tenperatures and eventually for
The mg'al.asﬁfeﬂ{eln'tbgth}\é? LACLdrgS R rtBe @Ql‘éﬁllaﬁ I?tofct 1nt54?s‘i'% ﬁﬂﬂpcﬁ'sdifgction of the
sensors achi eve reasonabl e resu y wa exanpl e
forces folte appliebby tte achanapmay ba rfob@campﬂﬁ (elwlacembnta,rmthtliomt deformations,
extensoneter, a LVDIT, a&J aser, se or or

load Ie i EnSIOPR G LA RIS ES. e QBT LTIy Gaed with one or

more aﬁQﬁWEéxﬁBrs%r QMY RfhpeRinGed 86 eGédtdllyt forMth&RudRy velocities or
may 1'nclude anplifier filtering or converting devices.

acceler®i@fseMaby yypes offeciisprrastigveressanablersadtsybyt way of exedzpriel the sensor or

scnor YR o) o Wl B PO spngor o chare ol

The seA@kr@nfy & GR&HE Edhnb&ied RS ERefUntlollvedt tHRSughesh Bfterface circuit which
achi evéd either by a physical connection or wreless

may in¢ledé w@pb§9r ﬁlmxm @g@nvefrnmdetvyﬁem?r@f@gablw segertransgoersge used with
t be n
sendafiis 40 89 ETEHOL FAIAT o AEr] BRI

event of wireless technol ogy being used to transfer
data or signals between the sensor(s) and controller
The traapiispienwé datacyiignsiy lerth%mr@sea% nygpten ggn bg achieyed cither by a physical
ess e e
comecBF TSR PEOKIGE, | PERC AR, TS Yiblsc g optic e

commuicafibg, atifor eq@ihtpoe dtffa@&’d, "oi-Fiesr Bluetobth PY exkidlogy. In the event of
i nventjon conprises at | east one conputer

wirclesy iechnalogh beaisapted torirangisn g anlgnélﬁshet‘éte e R(s) and controller
and be%@egtr Qgﬂtﬁﬁlep ﬁe&ﬂa@&gsgbﬁ or?%r ec ﬁﬁfv?%e MR8 A Sbments with

processing co 'S ca ata from
corresppaiidg oraneattersaniecsivirs of esd datg the sai d data

received fromthe said or each sensor and transmtting

the processed data in the formof instructing signals

The afbRnfintibRAP LoRRGIA I URE Yresehl ﬁﬁ}%ni16‘t§tc6l=ﬂ1?>hbé'bgats leﬂﬁtat)ﬁe computer or
activate the actuator 30 or actuators leading themto

automagorc oambéd gf rumm@a‘eleest @l ecftwars eprogrant QInQIOGQSS@Ifg ¢dtls. Said software

progral GRS Bufiis srplEs Earevinb e it B POt B B gpsor, processing

the saill SREL rebEIVE® fiDUD thePdRYbABRH RASH! a)ﬁd&raT@ﬁﬁttlﬁg_Qﬂé ?fﬁce@ed data in the
Loadi ng Program and an Unl oadi ng Program est

form oﬁmgu@tmgl gl poraitenst @nmat:ora%@cumtwme gignds activate the actuator

t he tretchn and r n
or actuggbsi fégd%gﬁherﬁﬁo &S?Ur’f%te ncrﬁgsrenqr e{:ﬁeé\sepﬁmr f 8?%%#1 ggﬁlgfunbonded cable.
Preferztb?s} ity uid SoTredie o pidte SN de be HeSsaidl EimtrdHiel euhtiingat least three sub-
Program i ncorporates an algorithmthat ref|ects the

programanpanegly st Testdypetannta hpading Brogiptand ansUplopdingiizogram. The Test

Prograf?ﬁ%&)rp&%yés% ga?s}c MQO{}%A'{JS%Q %9 :Jiﬁegt)g%xj?)};?oqg ﬂ{eos%g%gng and relaxing the

cables, and in doing so, permit the performance of calibration and maintenance tests. The

Loading Program incorporates an algorithm that reflects the control strategy that will be adopted

SUBSTITUTE SHEET (RULE 26)
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4 for the specific gantry in question in the | oading
phase (for exanple during concrete filling). The
wonb@adsmng Program i ncor porates an al gorithm t Rat/PT2004/000011
reflects the return of the actuator to its resting
for the presific gantry tiw qnestios éeithefloadinsplinse €for aFrmple Heripg p@g:éete filling). The

Unloadmggéir g esntnf: atrt]e%eanl ar@i%ﬁ &Jgﬁﬂ% grefz?dssztggg% @tﬁt?ﬁ BBt to its resting

positiof @6 be Qbéd@ for efx ﬁmpwheﬁiﬂie befdge tibek @edtrensiog isoapphiedyuat or s
are pronoted. The said instructing signals pronote the
actuator or actuators to apply a specific intensity

As me@{ggé&a&%%n%cé&a LRSRGGIdK: 4 ggagggdggglgi %pgeg%gfh%movemem of

Act uator oF Actuators i's
the act@dtbebi Agubioes teensioatvtal THeesaid hostdeting aighelspromald #® actuator or

and thus adjusting the prestressing of the
actuatos foeRRIY &. SPesiig ofensidy STt (o Sapschive (Bigeriop. (Eherefore, the
ol £ 05 ASKSERS: i 8958 2501800k B AR e o b
and thRedpstng yheofrestrrssing oddld mgint sumctune. eknaill boobemus to those skilled in
enerated ip the s]{er ucture kiy ext rnal ctions.

th
the art, T B AAECHRSE RefhE IBBIORhBs G MITBRENA B jr.accpiglance with the
necessﬁ)%‘lséd?fﬁtéi’éct gech§ AtenGPRI&S JARYafR ih WS 5tARBEe WM the external actions.
rel axed in unison or independently of each other. This
In the evnir ddhembsmganembamgnet haé:lep tlasstensign oh Qle aaui ebles may be tensioned

o st SRS PR3 et B FRGAE i presvessin

tobead_]{iﬁed: rg?é&hb@ﬁnmm@%a@lam&eoperator ln control of
an el ectroni C control board capable of activating the

actuator or actuators. In this enbodi ment, the hunan
In anot@%ﬁés% \éorurregcg eﬁﬂ%%(r?cgmtegfa afq @g%ﬁtr S'Eﬂ Joﬁﬂ‘geé CP; an ﬁﬁfn?.% operator in

controll gfogh BRStrodibohtisitboRdeapitds of faeﬁvamngl’thé efetdahﬁ or actuators. In this
nmovenent of 20 the actuator or actuators in order to

embod i, db@]éléméélwe@éﬂil eedyes the datadransmit rp@ theispid sensor or sensors
AT LB B Pt g o
the actliewcbrl of ac’@tuitow‘rmdrderao mfittcatute selBeghilirnteg foess onahe nmidstructure. This

reliable, Italsocallsforahmano erator to be
semi-agamARh SARSIMSIS A e | RgresTies 3o e sBrelie ol Pele than the folly
automafiy réoﬂﬁolﬁ’& ddn‘a%neé dsk Rl At reﬁ?ﬁ@.hh %@s‘é%a@fs 3P Hrlﬁzmanf @’erator to be
exanpl e, e concrete filling o bri dge
peunan%ﬁtly tomthxbkudxgithalasmam onattealotshhiring lperipd esfdithe thw eemch eweral hours,

for exaff, FH1GRE (I ERRIACAUD GRS EIER SR nb. pr ost 1 esst ng

system This method is achieved by equipping the
pre-existent gantry with the essential elenents and
It shouk;iymoelm udted that thevpeesenbinvensioni adseeadnédmaplates 8@ efuippingeeitpre-existing

nt age of.the presen |nvent s_that r.
santrief RTRGR PRI o pEE e B St mSfioghis aPE eauipping
the preyé’xis%'ﬂ antRPiith Bk d4B4HRR1 Elalbsts ded SFsfaml bPIS ihventibe niBAtiBned above.
structure when exterior |oads are not applied. If
such an amount of prestreSS|ng was applled usi ng prior
The grsat a[dv%rghé(ete ﬁgt ﬁr%geg?r v gpré 1%@?311 s ea 'tﬁé pl)%gﬂ 1ﬂlgto apply large
amounﬂ@ﬂ@restr&@ﬁlgdeﬁhdlh ainplyifie updeshshle dbfbtmﬁtld)MmDIhe\tnadﬁ%tracture when
substantial reduction_ in prestressing | osses.
exterior loads are not applied. If such an amount of prestressing was applied using prior art
“fixed” prestressing, without exterior loading applied, the main structure would break “up side

down”. Besides that, the present invention provides a substantial reduction in prestressing losses.

SUBSTITUTE SHEET (RULE 26)
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35 SUBSTI TUTE SHEET (RULE 26) WO 2004/ 109018
PCT/ PT2004/ 000011 5 A gantry with auto-adjusting
wprzemtmmﬂsi ng has very reduced m d-span defl ecPCO®T2004/000011

because C{Justl ng prestressing conpensates the pain
A gantrsoazmtkn gluto,eat mughprsssté@sméslgasmerynted@%ﬂslc eyd-spandelediogp because

oSSR o AR CPRPL FADES AEAGF, el e

compreb 86 6eshsds B theehind R@seTRsthiet hefire, dhxaml inmvnidigs @mtha: main structure
structure nmenbers. Thus 5 the struct ur al elenents

are subgfarttallyrrsdyasy ﬂw@ r%qwg rr@amw sresecidhp Psu 8 H‘Fd“fﬁ mhgrebers. Thus
I lighter and

e s G0 STr R, <LHORE b0 BT SO Bt M i an
functlomlgaﬁﬂﬂjz prior art because it permts far nore reuse

of a single gantry. As will be evident fromthis

pat ent specification, a 10 gantry with autonmatic
Addmo"iﬁgllﬁ Sth@g!nﬁqp %r&%ﬁblﬁgzaﬁ?%&@ eFFR$Sht tEhn BB Yrd¥BhtSprior art because it

ns t an prior art gantries due to its

pemmtsaﬂtapﬂc&blrbmstayofta)smg]faagan‘gyeAB evﬂlrbmtmderxbffrqrm dlais Ipetest specification, a

es vvlth uiring substanti
gantry SR IO DR BENERTE op Bt et i teaty oG i bafh Ben prior an
gantried laﬁé 1 e a?itaﬁﬂdﬁﬂlw & abehavdaeirmudibel b€ 18aN1evYI tehgb @&T span ranges)
conti nuous moni toring and dangerous deformations

wﬂhoutmeqmﬂmglsulmarmah@bhltlwl waferasalentsct i ons are i medi ately
counteracted and r'esol ved. As redundancy is to be
applied, especially with, electronic conponents and

Anothe %@at%ﬁﬁtﬁ%&@é 1l thé %ucﬁu?eﬁ Asepigviehr baitheirgan®y ianinder continuous
conponent %antry safety is not affected. 20 It

monitoghgahd d@@emj{sec& QrEtioner feapigns gew@g(i |2 §§‘§eﬁ§ﬂ agtéoqstarqe gnmedlately
t h
coulE0 B SHRAFEEAS R R0, I S0, Ly . s

compofeéAkl déie ﬁlévhamﬁhlﬁieﬂﬂies finkaes of &keread ity donpddeat, the gantry safety
structure by external actions. Brief Descri ption of

is not affgete@y awi ngs 25 Fig. | shows a sinplified side view
of an enbodi nent of the present invention, in which it
is possible to see the main elenments that constitute

It shouldHe: notecbthtd the terfi ‘GpresPressing? asdhis nmed herf:ihamnsists int the introduction of a

ot LS e BB O E e 20 e 3, S g
in the sHUEMAS B EtdipbiNgigfs. anchorage that  is

passi ve/ non-novable; Fig. 4 shows an end of an
unbonded cabl e anchored to the main structure using an

anch ora e tha[hr i.s active/novable due to a hydraulic
B“eﬂf“éﬁ'ﬂpBP ebtheradpgten: Fig. 5 shows a schematic flow

di agram of a possible aut omati c control process of the
pr esent -

Fig. 1 shows a simplified side view of an embodiment of the present invention, in which it is
possible to see the main elements that constitute the invention;

Fig. 2 is a schematic plant of the embodiment of the gantry of Fig. 1;

Fig. 3 shows an end of an unbonded cable anchored to the main structure using an anchorage that
is passive/non-movable;

Fig. 4 shows an end of an unbonded cable anchored to the main structure using an anchorage that
is active/movable due to a hydraulic jack placed in between;

Fig. 5 shows a schematic flow diagram of a possible automatic control process of the present

invention;

SUBSTITUTE SHEET (RULE 26)
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35 invention; SUBSTI TUTE SHEET (RULE 26) WO
2004/ 109018 PCT/ PT2004/ 000011 6 Fig. 6 shows a
wdizeyriasief a possi bl e inplementati on of the cear®ek004/000011
algorithmof the present iévention; Fig. 7 shows a
Fig. 6 shiowpl & dicgdam eyfreepesaibia insplementatien lof diaca odritrol @lgagithm; of the present
. .Fig. 8 shows a schematic representation of a fluid
Inventi®i "o it wherein a pressure transducer is 5
Fig. 7 shoW @ diesithiedTbfresctasinn W8 tiei Hykdulic @cliigpr esent ati on of
an extendabl e connecting strut and deviation saddl e; )
Fig. 8 phays acschpoaiic sepseseplation of 2 did supuihtvhsreinfa Breste dransducer is
ugerabodi ment of a novable strut and deviation saddle
System (novabl e by rotation). 10 Best Mode for
Fig. 9 shew$ Yimjdifled regr&@niative 0f aroexténdiibleadonaettig satd #aid devianibn saddle;
) the invention will now foll ow making reference to a
Fig. 10hshews @ simplified frepieaantaipponl FRothen gpbpfimeat )i ;gaovable strut and
‘g ' i i ption of the enbodi nent
dewan%ﬁ%td? %(rag?%re Igl r?glgblg?g ronﬁi}}{)by way of exanple, and
shoul d not be interpreted as |imting the scope 15 of
the invention as defined in the attached cl ai ns.
Best Mpdg forgCryingQutthednyenfion  {here is provided a gantry
conprising a main structure (1) constituted by two
outer sections and one m ddl e section. The two outer
A detafet tdeseriptionho £ theaimventi@n twitlonow afollbivt aakingareficrhigegto a particular

ot e o B e A SRR O ¥ embodimen
and the! PR3 dre oHNELYRAP 08 EXAHSHIEI di sho@d otBS BiferPiRiedds Tiking the scope
SO as to assune a design simlar to that 1llustrated
of the inventipg as defineden thecafiarlnd addimsshe supports are defi ned
for a typical construtive technique where each
concrete filling segnent, having the sane | ength of
Making fe€ereSdett Gl EfhsreSP ?fbvicfeﬁ%r gailtr?tcoﬁlpﬁisﬁlg&rtﬁﬁn(sfructure (1) constituted
approximately 1/5 of the span fromthe front support
by twoofuterppestippt §1¢ egeepiddleoscpr nientvar puier §eciops) whigh are meant to

facilita'ﬁ%o ﬁgxfi) Elgg ﬁ%tcgsg? gg—: 1%?&? trnﬂ 21|ei§gl? a%sthg iddf%ns%%ﬁ%h ggngﬁ’xeiss intended to

introd

| structure.

supportfésihwofloindRMindusdiha IO Snai etrubdineric e drusded Lior\gidler so as to assume
_either mono- strands or nulti-strands. The unbonded )
a desigg siyidas toat Plisgated i figi 1-hThe losation pf %@ supmorts gfe ¢gingd for a typical
i r i - I IS LO T
cons €356, JER" ARrdl 0P kPl gl gy i of e
structuRCGhiprve stahy at svdisemac efl apprbeinmadly dév bAtheaspas didad de fdat)support of
. supported by two corresponding connecting struts
previoys $8§meach sai d connecting strut (13) has a first end
coupled to a single deviation saddle (14) and a
second connected to the said main structure (1). Said
The matw simexttuer(d) is equipped with two external cables (5), one on each longitudinal side of

the said structure. The cables must, for obvious reasons, be unbonded and may be either mono-
strands or multi-strands. The unbonded cables may be set up with plastic pipes filled with grease
or according to other prior art solutions. The eccentricity of each said external cable (5) is
achieved by two spaced external deviation saddles (14) supported by two corresponding
connecting struts (13). Each said connecting strut (13) has a first end coupled to a single
deviation saddle (14) and a second connected to the said main structure (1). Said connecting
struts (13) are preferably retractable (by rotation) or extendable, in order to facilitate launching

process (see Fig. 10).
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struts (13) are preferably retractable (by rotation)
or extendable, in order to facilitate |aunching
wononassigsee Fig. 10). 35 SUBSTI TUTE SHEET ( ReCEP28)04/000011
WO 2004/ 109018 PCT/ PT2004/ 000011 7 Each end of both
Each enchoff nsh cahley ©) seseowed tq e spid man atrheéuw €3] bwmearitSeof(twp anchorages.
f e of
The ﬁrslg tnge Rgﬁo B¢ x#c\{loal @Q? Ségagge %euc}l;(le— getf) c’gﬁ‘{ éun n%ﬁ%ngr% b?j é’i‘%ﬂs of fixed or

“pass1vb=y piBeds asdhotdgse d{e@bmngnasigme@ tisk @hctdidged BN @NRBREd of prior art
Reporti ngi to figure 3, these anchorages are conprised
anchoremes ;btcacbr 5) that aﬁcﬁmdafgesérehehd%atm@ﬁ)ﬂ)ﬁanan@n@y cpaaegteddo the main

structu t(rlfr e t QE 1§ndg _JP?)ooﬁeJ %Egsl )ds rol\?tgglg %qo aomél;bgg%aa{n%horage of

e oppos e en th sal
the preded) inkegticai. t ached to a noveabl e anchorage of the
present invention. Reporting to figure 4, the noveable
anchorage of the present enbodi ment conprises of a

Reportlﬂ% Q1 u & Bg ‘}Meggg ée]@thé ?ése%tseé%&ﬂ%ﬂeﬁtocoﬂumses of a prior

ren p’Iae dttached to raulic jac
art ancl@dt*sge hea.ﬂ([lS)aﬂﬂt tsyquedub actrpagh pilate (]l&)ettacﬂmdao she pdrahlic jack (23).

id R i RS S et G AP MBS e to e

main st¥@hir€{y). of other enbodi nents are possible, for
exanpl e the reaction plate (17) could have two
hydraulic jacks installed on the sides and the cables

It shou dgbe %{Fﬁ’lt’gd? tglatt %815 Segp‘é érg@%cgig{eglfsga?e nﬁsgg&?rﬁfg{ﬁyga%&ggsthe reaction
plate (£ r&ﬂﬂi‘ha\teh% ﬁ?dr'a@lﬁc jhf:ks h@tdu@@n/ocﬂ fhe NkRE Shd tE@ cables in the middle

novenent of Ye rau I C j ack pl ston
a

S ch
Sectlonber ddhenwb@n @ﬁ@h is equabkethe nupﬁ@h p%n gctmtgtSeﬂ\ex 81}1gbhﬂass through

Q (16) away fromthe main structure
thenn(«]"’(nf.))r ﬁ[g’?h{) g@?&é@t of 20 tensioning the cable or

cabl es of the gantry and increasing the IeveI of
prestressi ngml n the strucutre. Conversely,

The meyspreshohithy ﬁraﬂh@Jq@két @3] pSforMdidinery rbﬁg@ﬂﬁela/dd@!!’@)ﬁar strokes,

puShlné)?l r eqqa %‘%ngthce) e gtCeal-% ﬁae HE) aC a%’) FIXGMS}P%)? Iﬁfé&éﬁa‘%ﬁr 3i a}%gtthe effect of

tensionirpethef cable o dablen g)ftthe gaﬁbtﬁlandf inpreasihg ebs ilengl iofi grésressing in the

structure. The rmve 0 raylic ack's )
strucutisy Sogkersdy K %N’é‘&ic fﬁE}a P&W {18& Aotz 5@%&@ towards the
I
i T e B 1 G0 Gt e s
therefoi'wrhdacmngcthp devel (of a)resmssnb@ in pheasteugtdi®) The ehastesrbntviof Hhe hydraulic

BT e TR T T Y-
further bERWE Q'Tl% lifleh§fy ofithe &ftcs MaflsiRulBd SpptRl b thé"h§'dfﬁﬂ1cbﬁ§l€ #3) on the

upon the neasurenments of the sensor or sensors
plate (Ihorelagedbwithdhe dumhert oflstrokenasivendsidebyaihd pisiersiiv én accordance with the

R N S TR TR RN p—
measurSHBEM | dfUiHen@nbdiesd Qnsérsansiuld BY dofl faf WethhRveable and passive
anchorages are designed to enable the cables to be released should there be a necessity in

substituting them or transporting the structure.

Alternatively, refering to figure 9, the tensioning and relaxing of the said unbonded cables (5)
can also be achieved by the movement of extendable struts (13) if hydraulic jacks are located
between the main structure (1) and deviation saddles (14). With this embodiment, the extending

of the hydraulic jack’s piston forces the corresponding deviation saddle (14) away from the main
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Alternatively, refering to figure 9, the tensioning
and rel axing of the said unbonded cables (5) can also
woeomaclsased by the novenent of extendabl e str BCE/PTi®X000011

if hydraulic jacks are | ocased between the main i i
structuggt (l)c Thranghithisapeticge vhacalde conmrptass tq the) dewitian saddde is tensioned
. ..enhodi nent ., the t endi ng._ 35 d -l ¢ jack'
bringinf B30} F Boreah 0 35 GRALDG0R e The SIS IS Sofe 35 gfpator would
increasa¥@ye hidedcth@iciMianthe SBSHMEUTE SHEET ( RULE 26) WO
2004/ 109018 PCT/ PT2004/ 000011 8 structure (1).
.- Through this action, the cable connected to the
e Lo ic t . S . . _
mhe i fRHEEL O SRRt SRSy Y APLAR BRI 8,7 Sig et
circuit dadaddshe ekaigicopumpu) ahdaheasspebtivec eodsd(21), connected to some
. .eccentricity at the sapne . tinme, 5 The hydraulic circuit B .
directioppl yH¥e 210810 Prassurelimitie) valves d22)and ¢ espwel {4l Thy directional

s 18y S L) S SIRATD 8 B MIAS ko
(23). Thoimiructingesigriabnfbmvhd vasro{l22ctivaiortbe peesis mcod (24) thahpromotes the
o o] S RS B RS BE SR gmcmento
the dir@%EiohMBBeIvdsGh2] B §06r VMR SirdcBEK 0Pfhd AGKDF oi1Z) simlBefluid. The

Instructing signals fromthe controller activate the
design ehé dnstaltationtadith¢ hpdirauhiasyyero s masslet deeortding toogonathonit¢chniques and

. .or simlar fluidin_.t .pes ( The instructin
using 1GpuRRemalogy $leB £ e ChB v I tsrevept B apiicke B potwator e
more thdl 0h8Fadk? 2he B 8fthe hodaliliesysioneistidaped beddbrdihglyNR is essential that
flow of oil or sim]lar fluid. The design and ) .
the combigatign eft hysiawic citgeit apdiaghs fle nelant dmpn sxqeaticly cund enanger for this
to conmmon, techni.gu a [ te .
could oS ted, ML 88 Rt TR, SRPHO IS BRI apelgetric motor,
althoughn@h@WiptishOsire(cqudlly sutaslet han one jack), the design of
the hydraulic systemis adapted accordingly. It is
essential that 15 the conbination of hydraulic circuit
ad 104 ' sively rapi d manner
The recﬁf‘g%n{eﬁﬁgtﬁatg%g Paglthccz %g%?ﬂc}rqnn@gh%gﬁ?nt egrity of the
structure. The said notor is preferably an electric
.. hotor,. although other options are_equally suitagble. i
(i) Thempeiginm darshtan eackthoilanlisupsle eayplt Bie PrESITCSHAY 38%9Pébat it has to
20 {joh,o@xi mum force on each hydraulic jack equals the
prestressing force that it has to produce; (ii)
(11) maxmaxmmuro woseseobf  embhpipiont amresprmde Sp othd sstietehingeof the cables that
stretghi ng of the cabl es that%_ﬁ?r&dﬁ@e t he maxi num
Q S

pr eBCPHESS i TRSHmA rESEeTsHg € SQUEF eSSy to compensate

CONpROFALRg 16%s PIB oRSRicHde tLORSStoRthéfitate H2RaABIESSdsEMBling;
course to tacilitate the cables assenbling; (iii)

(i) ninmimuve velocity obfachapistopiistsoeh that shectesponse penied of the system is
res onfe rioc[l f the s ate::{]aié%n equ%l_ or inferior to
t necB] PeBTIRd T o BB pEbastee B i mum
vy el RekiurR fveldy RIrSthe Bidtéh fHUGRA &L theh® fActb@CidPhamic amplification
(dynam c anplification
factor) doesn’t imply the system’s instability — see Equation 2 below, unless other
measures are taken to avoid dynamic problems;
(v)  minimum pressure in each piston is such that its dimensions are geometrically

compatible with its insertion on the gantry.

In order to materialise the automatism of the adjustable prestressing system described above the

gantry of the invention is also equipped at least one sensor for monitoring the structural
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factor) doesn't inply the systems instability - see
Equation 2 below, unless other 30 neasures are taken
woao@viosds dynam ¢ probl ens; (v) m ni mum pr esSsSUuPET/PE2004/000011
each piston is such that it$ dinensjions are )
behavigye mféfer maly styuctwertphili ol pretgtred embedingrngrthe sipin Atragtare (1) is fitted

. antry. .In.order t.o materialise t u i.smof. the
with « S0P dsEled B AL )@ LT OIS P! MGgace of he
said stARRrE Y10 ThibesehsBreR] ifON ekfingle,S on eftinpRactepiglledatt aopefile in the
sensor for nonitoring the structural SUBSTI TUTE SHEET .
controllefigegtiops yvhish vwoid Allogde siepgure prtonton Bodipes, apd subsequently tension
v Ay i€ (TP G U)o BBy B 54y onscucer
placed aeha0spair ef theadahyry lvadeli eduldpamitatheaneesating b€ prassiirs pad therefore

. of the lower under surface of tf}g .said strulcture 1).
altimetrpp, variafions OF 15v¢l Reporighgiopiaire nthis Seh ¥ehretap eglpaaé@eeﬁ?m strategy
based ogll tp% Ofatit BrdsBurk AEFrerE MY BeBhdeadns Gl BVl iﬂgi fgﬂd WaldhRir (28) located at

w t o neasure extension variations, an
a fixed pulitien (fonetamplensieoondcotamnparidomsadedinde prssurs transciticard26) located
.. (D) eabso referabl.y equipped with a pressure.
ot mic e i DA Unatith & ARHOG ki IsTogtEsfion (27). Any
deformﬂﬁ?éﬂ of BRM Bhin {ARNIEES Wehfifle®hs RIRESHUfCyARMoh BN Bk PrEssure sensor.
altimetric variations of level. 'Reporting to figure 8,
This vdlie & olyeaaffeeted Iy mpiticalnmavemente and st maersgjve toakstagalonovements or
the static Eresgure gifference between the fluid | evel
compres§on PREMEna QR ARG YYtSa) | gcated at  a fixed position
(for exanple, over one colum) and an adequate

pressure transducer (26) l|ocated 10 at m d-span of the
Naturally ihe grieatgr gimbesrof(sensorsyhe igreater pescepiien ¢1 the gxterngbangsinternal forces

st W PRTFEL 0SS b s ST 2 e ST Bpgvins

given tRAE T XafmPis O woulllbes adiahtigeds 10aye akiepsdiBéteRYattached to several
vertical novenments and is insensitive to |ateral

truss elempaiveandsthe rhydeais riacks pistonphpemifigmserdfied: e ngepy f grleVDT sensor.
Howevg?t5 mtﬁgg cki}{% rteﬁ]\?ncgfl?ﬁt tﬁxé s&%e 'beﬁ)tme%eﬁﬁﬁge? i one measure is
g the [

reat er “perception o Xt'ernal  and ernal forces
conside@ed imtheupsin doheolvaligorithiv. Uthe woenplderaag sheste @r dendoeqverich can be
. picture of the structural hehavioyr_ at an given
installedlj e thepppighhoippecd, L2565 OF B A e aﬂgaégst(& fhgygantry or even
b c e r Ak vleh would b
o SIS f BechhPURE S PSSP IS 08 woul o
sent to dfe cntrYIDF edthasihroughkidmesiva rconmation egtheaughngireleshurmiamisgion, only to

- ..the system.becones sinpler. if only one sure is 20. .
provid.SANHBF LTI ITE! FAPH S P PohT HiHFh Bt dododit immunity to
thermapmlti‘éfﬁeegxﬁc?ém%lﬁdéﬂe?é?l!éti@ 'ﬁeﬁl@,"b%ggéall})’\fﬂ' @BesGRRer ehe transducer is located

I nst al I n nel ghbourho surface or interior of
severaltttrghedfaneetssavaly frdve thppeontrpller even externally in

relation to the main structure (1), are capabl e of

produci ng data which would be sent to the controller

As mefldnB& b SeAdbnBOUS! @R bf RPIEESHT PReont dhHEEs ¥¥ Bk 8TOmputer or

transm ssion, only to provide redundancy. The current
automagast (fort exaimphad POL) dzat homprisesa computer RiEwitstgogramo processing code.

.o nity to 25 thermal variations a el [ ' .
This e ol taps FeccbBba BB T oRch o LT RARELAFseasors 2
a procds§ifi@pRsbe for processing the said data received from the said sensor or sensors (2); and
a transmission phase for transmitting the processed data or instructing signals to an actuator or
actuators. It should be noted that the distance between the said sensor or sensors (2) and the

controller (6) is not a limitative feature.
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several tenths of neters away fromthe controller. As
nmenti oned above, the controller (6) of the present
wOonvEnneas conprises at |east a conputer or aRCOFARMA000011
(for exanple a PLC) that caeprises a conputer software
Ttie deyglogneithod thepristeasapuier sobiare prsgwanrmrspr@%ﬁwag epdasisfdopp pecording to
well ko %ﬁggénslglﬁma treglnﬁ e(Sth Qq%&% o% cqg%égxb%% with I:Bg c%ﬁipqter or automaton

ensor
used. THORBHSIRG tﬁd‘lﬁndi pﬂograiﬂbﬁpfoeeﬁin‘gﬁﬂddé isaoprdneids adrdral 8t¥ategies for the
or sensors a transm ssion phase for
automatlpgﬁgtmltofthﬁga jriable presisassi2 dxiteMor i nstructing si gnal s
to an actuator or actuators. It should be noted that
t he di stance between the said sensor or sensors (2)
In geneddlderifdgonceiithe Glloaving 69nticd sthattgias wilhbd adoptesl: f eat ur e.
35 SUBSTI TUTE SHEET (RULE 26) WD 2004/ 109018
PCT/ PT2004/ 000011 10 The devel opnent of the said
ﬁynpug%htrépéﬁtmﬁ st%fo@Hérﬁhfe?fo?Q@c%%h bR echivnfione
accor known™ conmput i ng techniques, In a
Ibamgué,‘@atrcbcrﬁihd: gduitgf mid-$pah [defleddioput er or aut omat on
used. The purpose of the said program or processing
code is to provide control strategies for the
quk %ﬁbp sGRBEY @h) QbvdlfiRaagindBiabin® B 8l aRbAtm, similar to the
system I'n general terns, one of the followng
classic ¢omtoft5| Bgmc@ltye gipre@ gantey wnﬂ; cm@opn@ detuatpr, @b ther isdctioh increases on the
fer Qr sect|

controlssggﬁ?rb :«1[5 %f gSau rﬁl gsin pi§‘por1t?1 vaacéeﬁtar yre 5 e%oﬁroke (moving away from

main sHAHURCY1)0Ne. 1@1eT151€st€e@,§1hF %r&§ ragd %ﬁtphﬁ@ﬂ @ﬁVthbotﬂﬁér hand, if traction
translatesmto gorith simlar to the

decreassh.aibe hpdraghc gck’s, (ZB}asqt@awaypreMmeé sjaki (appigaching ip ynain structure)
traction increases on the
(Die. g‘be ?QS gafégtef’%ere{it}:gdhydr aulic jack's piston advances
a predefl ned stroke (rmoving away from main structure
the prestressing forces are anplifi

The algwﬁl@% dg%?ﬁ’@ed aboverig dysiated dn theagrantsfslie. th Zhwzgoa&hm&an also be put
into the{ %ﬁﬁ‘é’?‘}é’é@’ﬁ%ﬁﬁgﬁ%&a{%ﬂm edefi ned stroke (approaching

e. prestressing forces are
reduced. The al gorithm described above is illustrated
in the graph of fig. 5. This algorithmcan al so be put

Ao, (G5 o ) Aok R gl equat i ane R0t nefai <
ES SC| gg§ ct X6Sci <Aci =nc t+dt =
Gsad @@sc(@}mr&t(macw s i > A et +dRCmanEt NG+

05 (G) + 05 (Q) +nc, xTgyy < A =  0C, = nc, —1
Equation (1)

in which,

osei (G) is the stress at the relevant fibre in control cross section i due to
dead loading;

O'sei (Q) is the stress at the relevant fibre in control cross section i due to live
loading at instant t;

& is the stress increment at the relevant fibre in control cross section i

Sei produced in one hydraulic jack stroke;
NC; € HCriar are the number of strokes advanced at instants t and t+At.
ne, x oo is the stress at the relevant fibre in control cross section i due to

action of the auto-adjustable prestressing at instant t;
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Gsci (Q +,us,i (Q + nct x 6Si < Dar nct+ot = nct -1

Equation (1) 25 in which, asp; (G is the stress at
woOhersriedoasant fibre in control cross section i PAU@TRM4/000011

dead | oading; 6tsci (Q is fthe stress at the rel evant

Aci € afél bre ipe %%hﬁ)'tes@foﬁslﬁar R IRe Actidie rﬁzﬁ iniofeéhe | 0adi ng
t i nstagledy bble éa@te "Bk S lsﬂ&{swem g&aﬂ&gé&x@m

fibre in SsS section | pro uce one
hydraulﬁf88 %SS18%8Foke; nc, e nc,+dt are the number of
strokes advanced at instants t and t+At. nc, X 6s; is
the stress at the relevant fi contr ol

The adepdion; of s kingeofralgorsmi shaule e fRlows Y Hp e} fiking of the control’s
: L NG bastant t; SUBSTI TUTE SHEET RULE 26
setting S 17 St 1B B pT2004 000011 11 d, e Al are the
conpression nargin and the activity rmrgl n of t he
opica ok LG RS el P! SiSe Rt s Effrete g of
sfucucunfel?1 §cﬂ<é§19ncfg &'cE@&aﬁ {m%k%l%%s frokb &%%aﬁ%u[@@séafsﬁ% avoid the

I XI N the control" settlngs in order to avoid
dynamic mmpé:tﬁcammyeffest thh@hiSIIyCQSh@ylls)‘@oﬁmg@ thyt theatime ipegiod akeach stroke

s e 55 Y5k 0 50D el BREL S 49 et

the dynlﬁﬂﬁkf SmpllifaSioh khdild Balidrifledahy slﬁﬁﬁd/vérﬁydﬂ@fodlotxh@g condition:
dynamc anplification effect. All that is necessary is

to ensure that the tinme period of each stroke is

several tines | nger than the natur rat| on period ‘
of the main str g(&)}A Nevg{the the dynam c
anplification sho uef'htlflé ouId verify

the foll ow ng condltlon. 10 7 -a < (Aar Aci |l + |
-yli5J | aA sci Equation (2) In which a represents
the factor of dynam c anplification neasured during
In whiéhh(g rgﬂi&:eﬂﬁ' HE FR% Y gn%lcoz;m%lhfcaﬁﬁﬁ W Qire®@ Gufing e S@lusive action
and D] represents each uncert ai nty j.
of the actuator on a course and § represents each uncertainty ;.

Equation (2)

Dynamic problems may also be avoided using software filters, for example, neglecting data

significantly different from average values.

In a common application of the invention, the fundamental uncertainties to consider are: the
difference of tension on the control section due to an extension equal to the maximum etror on
the extensometer readings (J1) and the difference of tension on the control section due to the
maximum error of positioning of hydraulic jack’s (23) piston during a basic trajectory movement
(82) (this last one has in itself several uncertainties, namely the ones related with the material
features of the main structure (1) and cables (5), tension losses and construction errors).
j

Even if the mentioned error’s quantification is given (or the maximum deviations of the
properties of the materials) by the equipment and material suppliers, tests should be conducted to

experimentally quantify the respective values during the calibration process.

In this type of application, given the relatively long duration of loading, the response delays are,

in general, disregarded.
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Dynam c problens may al so be avoi ded using software
filters, for exanple, neglecting data significantly
wdi2dd4eens from average val ues. 20 I n a conmoDNPCT/PT2004/000011

application of the inventiaon, the fundanental

uncertainties to consider are: the difference of

t ensj . CO ' e 1 0 an extension
At the sgf e (RUORLEARLARS, SEEII VR D O conetor

readi ngs (S1) gghth di f ferenc ensi on on the

control se€i® ?lgai ﬁwb&m%%l‘é]irror of

positioning of hydraulic jack's (23) piston during a

basic trajectory novenent (82) (this |ast one has i Bquation (3)

itself several uncertainties, nanely the ones rel ated
Lo with the material 25 features of the main structure

n I (5) ' I S j ;

The fulhs St BELRRApRIpahETRL By (5 SERa 7 RORE HIG! It sotumms 1o it
original fos@ionen (or the nmaxi mum devi ations of the properties

of the materials) by the equi pnment and materia

suppliers, tests should be conducted to

o o SATFEFSHb 1, AL bt ORGSR v v oo cur i

application, given the relatively |long duration of
| oadi ng,__the respopse del a are, .in I
di sr eggr%m‘@ﬁﬁgﬁ’?ﬁﬁ’@%‘ﬁé%e PG So8 &’\r}\g%@gﬂ‘iefo%i%e actuator
PCT/ PT20 00 t—1 h Y ] f
C%I%lglﬂ g&‘%)n Ikl NG &%@%ﬂ%&;@bcgﬁﬁ%f R L@MeRBcourse that

equation's e ‘veri f1%d: <'lascil -

h~ Equaﬁl'h ﬂ?d&gﬂ)ﬂc iqa%k T@? i %hﬁiﬂl%ﬁﬁla&ﬁgt\ﬁkﬁa&‘éﬁﬁbie‘)ﬁecision (if the
ensures that in the absence of |oad, The system .
ret urns stoke isknoom, gibidl is poedl to dre. strEtebi tthetables, the prestressing

settings fjxi s nmade by, t he foll.ow n 10 - ..

The i ncrléé]lé e’rg?e Jlﬂé‘ﬁ’%rl" SRdS bieﬂgexggrmﬂ}eoqes@eé:ﬁ?g Igpsjon variation on the
produced. ol BetiGeistioefingd) i Ng a pi ston stroke Us ,

, is defined in function of 'the shortest course that

the hydraulic jack (23) is capable of making with
accept abl.e ecision (if the troke i - Whi_ G
e cqual Ofe HRE YEbPa dony i e iRt 3o pgaidids A also known

prest r esgifGiok Hfl e SBRERH UqRiph@Mand dhsteSaDS @A &Ik | determine A,
the respective tension variation on the control

section ignAkEGatigeBi ned); - Once that value is known
and the sum of the uncertainties is also known
(function of the selected equi pnent and material s),

one can At e f éa];!reviously fixed and then confirmed through trial;

- Finally, A is fixed attending to Equation 2.

The control strategy (b) can be determined by an algorithm similar to that of (a). In that case, the
control variable would be the mid span deflection and the sensor embodiment of figure 8 would
be adopted. Basically, for a gantry with only one actuator, if the mid-span deflection overcomes
a predefined value, the hydraulic jack’s piston advances a predefined stroke (moving away from
main structure (1) i.e. the prestressing forces are amplified. On the other hand, if the mid-span
deﬂection overcomes another predefined value (the main girder mid-span section is “too high”),
the hydraulic jack’s (23) retracts a predefined stroke (approaching to main structure (1) i.e.

prestressing forces are reduced. This second strategy (b) is simpler to be applied than control
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20 using Equation 3; - The value of a is previously
fixed and then confirned through trial; - Finally, i
woOodsimeds at t endi ng to Equation 2. 25 The cont POI/PT2004/000011

strategy (b) can be determmed by an_al gorithm si
strategyt(a) anshis r@; sengytive| ty l@qggpﬁ%@gl@nat (Wheredba senspr *,salppa%ﬁe ITng strategy

o e AR s O bl s

for a gantry with only one actuator, if the m d-span

def | ecti on overcone predefine val ue, the
This progpeig AR cagikyche &ensﬁa@%%ﬁf% FARER YT TS A QRspostatyy The planning

ég@y & ﬁétbféqnééf tf the Sonctifillin de, or

Ofmoreg?@%éltt ?%gs 1Sfrgéraglec§9%1re I{';l'a’ynp [i1fied e%%, ee otnﬁer al g is ma
the consideratiom oﬁmbnsqy&metﬂefdaémgs o.3. bridgeonimesdeskot her

pr edefined value (the main girder m d-span section is

"too high"), the hydraulic jack's (23) retracts a

The coﬁ’t’f&d%érﬁeg Aokl GAPRIAACHI B&nﬁn@nnﬁbﬁhlg dsUGttefiding 1 each case
e. prestressing forces are reduced hi s second

pleferensefr at aggds( Y may h@l mlvatﬁd thy meansppli Pel butiens erob msans of a digital

mterfac%,LCE} ﬁfé}%’i o is &Je:gelf:bg}/ ﬁé%agga H}? 9’5%/ %2191@) Jear the actuator and the

hydlaulﬁmﬁ@\@§ to | ocal phenonena (where the sensor is
| ocated). This strategy may be mathematically stated
t hrough equations simlar to equation 1. This

As will ﬁ%?gﬁgﬁgﬁ aglﬁgosggﬁﬁfgg (1)1? &16%%‘1‘(? r’tﬁé &ﬁfﬁ%l Bf){?e g?{iélﬁr 1 ré[l’%& Qe done in a
semi-aufdniAicefh®ter] & Whide adﬁmidnd@’ekaﬁgr fe@tatcéer thel dukemiativecontryl umt In this

the concrete filling is made, or conS|
scenariy dhere yyaved exist ¢ é)éla?lﬁ sgec‘glcgboaﬁ ;1"@@ @VO&I é%ﬁycirﬂgw circuit and
ont.0 r [ t
hydrauht(f: Qﬂ{]sr hﬁ@g@' e | rﬁet%?tz ag? Sﬁjreeac éfajfsog&s t9 b ?% nceghg rhuman operator
would 16@(Z£Sthel ﬁeadmgs bbthﬂ(s’ensoai pkalcdmﬁnnnlﬁammghbomhbd)d ksutfac:em gntorior and/or
means of a digital .10 int rfac The cont b%arq{ .
ex‘[emal| 1§ rg}p‘g@@}oatgp g;nalub%g%cgge,l iptermgt gnzapjlalllpé gvhlc Jack or jacks
should 13kd Bt afd ? BR dif¥EEPMd BvaWT F‘Ehe(t %8on. Aﬁmy\’sé&n-ﬁﬁomatlc system is
evident 'to all those skilled in the field, the control
prone t@fmdrhersy shantheafpllslasitonbsicdiystem desgribe@ aboveutyohiit provides another
.., manner, in i.ch human operator repl aces the
feasmle&ﬂ%&ﬁﬂt’?‘& Ogg}tl%?n%ﬁ’ﬁl t. In this 15 scenario, there
woul d exist a sinple electric board that woul d control
the hydraulic circuit and hydraulic jacks, nanely the
In order; fot dresganiry i dhedpresent inyantin Hdecesily mowed, Spxpawle frem one span to
er at

ot YT B0 B EEEIE SRS REOE OBt g i e

certain 8REHedts ofledandly thit prétradd extehsivdli ®astahe cohtoust off the structure are
interpret them and manual |y control which jack or

deSIgneji dekes merehle.dretragéable o ieyan remevabies ol inés aarﬂélél@ﬂlb amppydant for the
| _of ti
connectbrfg\égtéutg (légatg 68% a%g? ﬁé&&lg%zlegu?ﬁ%% @t I%é%srys 611?11:131% may be

designed@s @EhlbﬁﬁﬂﬁbObjectw}égi‘ﬂepehdmgwnl eheb lamohing rcaraf:&ﬂsmttdseIn one possible

enbodi nent of the inventjo
embodiment, the invention is provided Wlth rotat10na1 struts that are positioned by secondary

hydraulic jacks and whose rotational courses are restricted by structural fixed devices (See Fig.
10).

It is also foreseen that the main structure (1) be capable of being divided into several modular

sections in order to adapt it to many spans of different lengths. This characteristic is common fo

many modern prior art gantries.
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In order for the gantry of the present invention to be
easily noved, for exanple fromone span to another,
wOoRoM4g09ms8t i nportant to attend to certain funecomabkiodwooorl
requi renents. For this purpdse, 25 certain elenents
of the gantry that protrude extensively past the
contours 0 t . i t i
ccond 500 SHE L 8L BARAEL AR I8 912 RLE o provimis
of the atdaRAthamichbiged ARl the dsvatiois witers tiaitanédti)g, stiukse(13) are connected to
devi ation saddles (14) and cables (5). Several
the maig gfryatiueds)-may be designed to achieve this objective,
dependi ng on each | aunching caracterisctics. In one
possi bl e enbodi nent, the invention is provided with
The devigticat saddks nsdyr b desidnatl vdthesqpos slidiog pitctry(not dnstiateg) ®0the contact
. hydraulic jacks and whose rotational courses are
scction PSS DF cFEls Byl et B ceripied oy pisaBe JRGBE S ffos rogyee eventual
high fri¢tiod %rc'%ls 511? oEd%E &5 BeDedt TRkt 1Bt BR. Lubtifibftd iMiedld naf e also used for
capable o el ng divided into several nodul ar
that purpeset i ons in order to adapt it to many spans of
different lengths. This characteristic is common to
35 many nodern prior art gantries. SUBSTI TUTE SHEET
A safetd Fddraged] MR BAAyHER0AEy BT RT 3RIIA0I6sEI0 thd actuator, where two
According to structural design features, . )
adjustableimitoinstattedton (W fixediytrie agexapayctheimstoms pevment (yith a slight

f the area of the apnchorage t '
delay, BB A NG SR Lo T e Lo e AR Footfficfs
structure (1). 5 The devi ation saddl es may be desi gned
w th some sliding pieces (not illustrated) in the ) .
In the kbwhedin cirgstcof g wtesionheonapliditinal sgisnaen valyes sap pe destalled in
t angent..coyr I ] : t :
vevec) HRSEREAGRHSTRF U AL iy Npl Ay B, SR system i o
preferalf)latehgiﬂ)@ed ki dl irngah&diewoe sdcarityedanigersaliside dsad tearlarms, emergency
) t hat purpose, 10 A safety r;g_chanl cal reteniil on systlg@
signals gR{ne5EALES S8 P HUN da cenBleabimet Ae R YSRHRLLY Hhiieanebits phones of
enginee?@aﬁ'c? ngjai?otrﬂ Uh SodafiSh aFrBfrR0rel WOis fallstete ol B desi%n and install an
accompany e pIrston's noverment with a slight derlay,
Urgent tPower (SuppBn(URY) aysterateoassnet thastipply afrpaves endhe pudttnfean energy
of any hydraulic conmponents. 15 In the hydraulic
blackowj r cyit of the actuators, some additional retention
val ves can be installed in between the directional
val ve and the piston thus avoi ding prestressin )
Dependins 58 $achl hasesippogandesand| isvolved eifsle,rladmdae@punplptege provided for most
al arms t hat ect securi.t a rs,. Aside fromthe
electronjp &?Wﬁ?neéﬁ%?‘gﬁﬁ%fpm%? ﬁ??gﬁ‘t§%gﬁ‘eﬁg’§§%‘&8§“‘&lgﬁ be sent to
, a control cabinet or even eventually to the nobile
phones of engineers and operators on | ocation, ) L
CertainFurpcddarasoare alsotadivisable dofose efadingnthe gratra és p gepl-dife) working situation,

st oL 5 Bk sERSER BRI R A8 8 s i

certain mechanical and structural properties and conditions, as well as evaluate connections,

elasticity of the cables, performance of the sensor or sensors and the functioning and precision of
the actuator or actuators. The tests should be performed until the entire system is adequately

tuned.
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bl ackout. Dependi ng on each case i nportance and
i nvol ved ri sk, redundancy nust be provided for nost

wehkeniwensc conponents and for some el enents oPCTr&2004/000011

hydraulic circuit. 25 Certaisn procedures are al so
advi sabl e before loading the gantry in a real-life
wor ki ng situation, sucmnvg performance of a
series of prelimnary a $ati on tests. These
tests identify certain nechanical and structura
properties and conditions, as well as evaluate

. &Ogemgrgtfb%,in 18 @birdtion é:?éce‘ésh@f ek § Sviaduefsia0H B Stredtures, said

nsor or sSensors an he functi oning and
pargyi eoinaprisofg: 30 t he actuator or actuators. The tests
shoul% b? Qerforned until the entire systemis
AGEYUETEIRY® t uned. 35 SUBSTI TUTE SHEET (RULE 26) WO
20044 309QdHnBEd £4512004/ 000011 15 CLAIMS 1. A gantry
for use in the construction process of bridges, |
wiflagl wockoragrifastsheuringt angend of said gmbended qghlettpythe said structure and a

co i sing. amin st re. .at Qn :
SR Be e O EhE S BpPoufl e B SalERURRATCERe o the said
sikonded cable to the said structure and a second
anchorage for securing the opposite end of said
ghiyostesed amfhatt o t he said 10 structure;
) i OV ' e

BURL TG B oy Pl Sors o Lapale it Gl & BASicab Diiarion i the
bdid toiedn s&attdreyahrelatiouitt inteefacanomlesting omd mdastremnisanto readable
converting said neasurenents jnto. eada?%e dat a %Ed ..
flpta AafiiepFRYias s daledo g oirells: 3 petroller pging capable of activating
\‘e;[ﬁ !&Eﬁlgiok %hipg 08 paRrkh gaiﬁf stRfekdr @hd RGidlnbdRAES LABIE @hd which is

ich rests between said structure and sal d unbonded
cghabk afitdcmhsing ot decreaspahthe texfsidnnadr wids imigpnded cable in accordance to
decreasi ng the tension of said unbonded cable in
theaprasarsadisdak§the neasurements taken. 2. A gantry
according to claim1, characterised in that the said
controller is at |least a 20 conputer or autonaton

. dapaiitye acfording rtp redpin 14 efearactgrig that theogidapemgroller is at least a

055587 58 S0 e SRR MR RES b Bl 8 hocesin

code.

A gantry according to claim 1 and 2, characterised in that the said computer program
or processing code is capable of reading the said data transmitted by the said sensor and
calculating the intensity and/or direction of the force to be applied by the said actuator on

the said unbonded cable.

. A gantry according to claim 1, characterised in that the said controller is a human

operator controlling manually a switch board connected to the said at least one actuator.

. A gantry according to claim 1, characterised in that the said unbonded cable can be

internal or external to the contours of said main structure.

. The gantry according to claim 1 and 5, characterised in that said unbonded cable has a

linear or multi-linear layout.
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or processing code is capable of reading the said data
transmtted by the said sensor and 25 calculating the
wono@neddly and/ or direction of the force to beprapir2@do000011
by the said actuator on the said unbonded cable. 4. A
gantry according to claim1, characterised in that the

7. Akt o oot b dr W AsisERELE PloeERIEEY BPsyd nghorages s

MR edé BRhPhnd toards inAelgict foth@ i@ hrimngricture] ai m 1,
characterised in that the said unbonded cabl e can be

internal or external to the contours of said nmain

8. %ﬁéﬁg@%&oﬂ? ig t-ghcq%lﬁfapta J 761&&9 nﬁgeéf fgla agioﬁ%gjl éctg&ggg' able to move

terise Sai d
bhesamoy movdblé andhoeges. ayout. SUBSTI TUTE SHEET ( RULE
26) WD 2004/ 109018 PCT/ PT2004/ 000011 16 7. A gantry
according to claim1, characterised in that at | east

9. %ngam{y @61%1@&8%@[1@1916% d 4, GPM‘%@@rﬁe@W}’hﬁgﬁd}&‘aﬂﬁf&%s at least one

n=re e sdi naln structure gantry
aodandd jagk piaced &i vetdeanah ahchadge amd wid maoh stuctthat one
actuator is able to nove one or nore novable
anchorages. 9. A gantry according to claiml1l, 3 and 4,
10. %p rﬁ’x‘}ta%beﬁ forb1diRed 3S£1Hdl ehdaelePfsed $n Mlat!sSRAHCLRRR is at least one
au IC ja placed i n bétween an anchorage and said
ﬁmendaﬂaf steatuwigh alfirstlénd v&rr@ambly)coan@mddﬂorﬁg saddlecthat sppports the said
har in th uat
rabited e 858 & ecaRand itn Al e Pato RF A B by
connected to a saddl e that supports the said unbonded
cable and a second end renovably connected to said

11. tagantst pepording to Thimil apd d@neharagterisediim ghatothe| shuinoy struts which
d 10 h h
ket GRS SRR L By R P

m)vabl e, by translation or rotation. 12. A gantry
according to claim1 and 4, characterized in that said
12.0x g@&wcselmtq oaifrok amdaﬂ chanaqtmzwemgnsbm gbgrchggnsor is located
r
1 A5G o T Tpflke P G BLBIBI: Sl R0 oo, or s

@ﬁﬁhﬁ&uﬁ&@@&dﬁﬁ@nkﬁuahﬁln11, 4 and 12, characterized
in that said sensor is an extensoneter, pressure

transducer a LVDT, a | aser sensor, a charge cell, an
el _
13.'2420%1?9 %%gglﬁ%nr%/ ?Oagz:agl‘?lgpﬁ% rd[ng (f:’f ri&rerlgé(gllh fhat'§4idC Sensor is an

eRensahett, pesisus tiahsducsed HVEEL a laﬂeasensexj alwhatgeeell, an inclinometer,

a piezometric sensor or similar device.

14. A gantry according to claim 1 and 3, characterized in that said data measured by the
said or each sensor useful for the calculation of the said intensity and/or direction of the
forces to be applied by the actuator are at least pressures, deflections, rotations,

deformations, stresses or load levels.

15. A gantry according to claim 1, characterized in that the transmission of said readable
data between said sensor and said controller and the transmission of said processed data
between said controller and said or each actuator is done by electronic circuit, optic-fiber

communication, radio frequency, infrared, WI-FI or BlueTooth ™ technology.
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said or each sensor useful for the calculation of the
said intensity and/or direction of the forces to be
wappi4iiegh1By t he actuator are at | east pressureBCT/PT2004/000011
defl ections, rotations, ddffornations, stresses or
16. Aogantiyeacsbsling® dlgim A, eharaetprised in thatgt iscaphble pf providing support
haracter.i zed.in that the t m ssiqn_of said .
FadRAEM e GEv Bat B ety EURLLRRAR e Bar S alineastrdsys or even
Forhihdrendteddl SusEi08leffensai d processed data between
said controller and said or each actuator is done by
el ectronic circuit, optic-fiber comunication, radio

17 SRRSO IR M o VSFE B kB sy,

Chidyaclerdfd/inARXthe sdid piBexiftingaguntry ineqopphidngith theadlanents of claim
1, characterised in that it is capable of providing

éupport for formmork (in situ casting structures) or

for precast segnents, precast girders, or even for

ot her material structural elenents. 5 17. A nethod for
providing a pre-existing gantry with a self-adjusting
prestressing system characterized in that the said
pre-existing gantry is equipped with the elenents of

claim 1. 10 15 20 25 30 35 SUBSTITUTE SHEET

(RULE 26)
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