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 for themyig @Y rdaptaien, 1B ReEioWAT Wheadhe Rraies G |
then it! Wh@ﬁ@{ Id?%%‘f“% diécg? Thig Y ‘t%rt%gafs R self% ‘{fglﬂrcttﬁﬁgsco:%%ﬁng and

5 10 WD 2004/ 109018 PCT/ PT2004 /000011 | DESCRI PTI ON
GANTRY W TH AUTO- ADJUSTI NG PRESTRESSI NG Techni cal

WO fogl10bltiss i nvention relates to a gantry, forp&d@Tion4/000011
construction, and nore speciyfically to a gantry

. equipped with a, systemthat automatically adjusts
it's prestressing. Background Art In nodern civil
engi neering, the use ' verslung and
underslung) in the co%@ggg]?mﬁo bri dges and -
vi aducts has | argely overtaken ground resting
scaf fol di ng. However, the factor that 15 hinders their

or oS R, SFFTHE AT R0 A TR NG ERESTRENSRRE ©

construction | abour. Although present gantries are
reusable, it is also very coommon for.themto require

.Techni”cSIFﬂRiOt ation, in particular when the project calls

for it to carry nore load then it was initially
designed for. This adaptation is in itself a very tine
. .consum ng and expensive process which., nornall. '

This inyERgreletes K8, 2 BBy o 5% B, EPRTRouRR. 5 e [gciiglly to & gantry
equippél With adydtef 3 BhMALAY ddiRkd P8 pRRHEssRRNSI der abl e

risk. IS 1S because they are “structures that are

. meant to support a great deal of permanent and
vari.aple |l oads and can lead to .a great deal of

Backeromad ALt i ons and stresses that weaken the structure

and may eventually lead to its collapse. Several
acci dents have occurred in the past. The use of cables.

~ In modem divhehgieenng thaujarsfigabities fovessiungsmid mgdérsiueg)ie dre eonstfuction of

ren

bridges A PRI freBl SBUAKTHEPR LR ngcgétﬁlﬁilfgg Hevae: s factor thr
hinders R SE0 pet AR I 0 0 B 5 R B gt gy s of

- materiabd andadonstesction datione dilthvagh ptesend gantiienare reusatile rihilalspo@ins common

to i ncrease or decrease_ the tensjon of tgi% O .cabl es.
T i to-¢asry more load

was a iI'n a str gy of perio

- expensivaipricessanhieh abrmidily dpldyd @iespacebf ebbtrudiont he. | nventi on

Cl IRCT.ITI 1T1.:.Cl-i~~T fD 11 F 7Rl WD 2004/109018
PCTI PT2004/ 000011 - :

. 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 permé.nent 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. | |

25

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

o gi_ven time, but was rather included in a strategy of periodic maintenance Qf the girders,

Object of the Invention -
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- conSiHCtioR dHRERSF _ |
 toad PEARAEHon AR ot BaO GEAAT RIS & Hrol Sl (6 TeBling one end of sid

- unbondedexdbie tathet said Stencone tod b Seandtdnehsrape foresecuringCGhe opposite end of
 sid Bapbid SEHE D
: sens'oggcgij%g? 5@%‘%@'@% dgs)ﬁhﬁlcm 5%’#\%1?% gigﬁ%dﬂtrﬁgiﬂ%ﬁu b@i( LietPdic interface

2 It is the primary object of the present invention

to provide a, gantry with an automatic or sem -

automati c system of adjusting the prestressing of the

S 1QY v ycture in accordance to the ext erifdyFT2004/000011
ns._ b lied on i

1 15 e AR PR B B DS B AR AR B bt or semi

- autoRERY kEerd JTOABusEhE Wed preshdsYingfdFithe @RbtrgaRbrfidtuleNi@Naccordance to the

ones of the prior art, nore specifically one that
extepalsastionekeing gypicd an taphen/leadsfgscetmeeri ng  def or mati ons
. and stresses-in the structure of the gantry
i medi ately after detecting them thus ensuring a
Tt is & PHABRN DBIccPHE the ?Ees;&iﬁﬁ%ﬁ@x?ﬁ) v Q0 Al Strabrik0Y WFRient gantry than
perfomance. 10 I't is still a Turther object of the
onespyiethenpriomeusn ot spevifisally iode thatgpassesgest haystem eppiblaf countering

cetofg RS Ao s Tl st ol EHaL el Py feBiing them, thus

- ensuffiglh bbiaPaHsa 00 MEH enblantdl@aPiRRAL sinitifial pefbriaopr OV de

a system whic e to be wused.for strenghtening

different old or new |l aunching gantries units.

' . Di.sclosure ,of the |nvention Accordi to its. broadest .
Ttis QUGERFIE S S RBHETION S POVI BTy I R opEe of supportin
_ more‘;iﬁgd t(l)ztﬂﬁtg ior R bt MGt dalfa FOGESRd M rubltd8Rs, Vi aducts "

structures, 'said gantry conprising: a nmain
20 | oad bearing structure; at |east one unbonded

. cable; a fjrst anchorage for secuyring one end of said,
Finalfj, s 28 AAeH9RAL QBiEC PEDS Zreent iRSELOR B BAHOS 2 SHLR JVhich is able to be

el e A MG bl ok SRR BB, e zed in

that there is provided at |east one sensor capabl e of
nmeasurjng.a physical variation in said main structure,

Disclgsuregfdhe Ioydiopnt er f ace converting sai d measurenent s

into readable .data and transnmitting said data to a
controller; said 25 controller being capable of -

 Accoading iat it chremiesic bsyatiprthevpreknt investion lpedvidssna gahuly for use in the

structure a% sai d unhonded_ cabl e and which is capabl e S,

bpideete ¥iodualh ARl OHIET FEREIIGH Bid gy comprising: a m

truct d ﬁ i I ti-1i
structure and may, ssuma@ga Igggqﬁ}r%%t%h?g%g&%ﬁded at least one

ei1n Yy Secure

- convépiag ishidomedsohareagasto rehibdi @i hal sgemibie Radclata 0t @thtroller; said

to structural elenents which nay secure nore than one )
contrgHermiing eapabifpebadivating an artualpe Msirbsress debviordald structure and said

bt SPREE BT poBlro Ohislpste i Aheb TG B Pr e unbonded

" cableVih tabcordince @b tHeaheabitemshi tkeglr € nor the construction

process. .C..1.1QCT.I1T1 1TC_ O .1JCT ./1'11 11 .1! AC
WO 2004/ 109018 PCTI PT2004/ 000011 3 -

The said unbonded cable can be either 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.

L ODOTITIITE. CLIEET DI Ney
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As mentioned above, the main structure is nonitored by

at | east one sensor, located either in the

W zgubdithood, surface or interior of an el enear/Pwtoo4/000011
the gantry or may even be edternal to the nain

" structure. In general ternms, the |location of the

4 i t o [ 5,th . -
s mEREL Qe PSRBTl HORRAER) 0 RPEBi 10 it n e
neighbarthekd] snsece ortikRrigRbh as bleehiusfehvipantry bor hﬁF/ dvBn BE @xternal to the

. The nmeasurenments that are useful for the calcul ation
main gruciye In gersial teyms tlety loeationiof dha Seosor -op denshes is hofrippportant so long as

ey < oBBALIS 5 BELUALEY B Uieghl oS ETBAS et when s
inuse!l evel s, tensions, extensions or pressures. The gantry

is also preferably equi pped with one or nore
. auxiliary sensors for measuring tenperatures and

The SRR ke TR TR Sk S S B §hScon o

forcesW8'¥e BfplRY BFhEadtiifos ﬁ:[aé% @k, 1Bf ¢ gf, ggsﬁlag@r‘?t\e}] %r@tgﬁ?%sé g?fonnations,

pressure tiansducer, ext enso ;
load leyelsstensions; axtehsiogeorgetdsures. Thhe gantng ir alsoprgfemblylequipiddywith one or
onnected to.the controller or

C . through an interface .
more SCIOTS. Fpr TBSAH0 FREISERSIRH AP YR B eagie velocities or
| r
acoelefiRONE MOy B g Selebt Rfrdbeb R B, PG S Blethe sensor or

_ sensors egrube A poesaury tepdslitcen malexientontdter & LV B nelates seffsoe or a charge cell.

transm Sﬁé n of data or signals jn the present

The sqnsQrs RavoRe SRty CopDRFied &R the; qomirples orathigh, agaipterface circuit which
may nﬁtﬁ{%ﬂr@ &) i QJI' fikiertld &' c%ﬁ%rfiﬁé:ﬁ%?c{.eg%'r;e%g@rﬁyg 8&8@ Eahd Rk Yre used with

electri'c wring, O

standachonputsi (et 420 mApthiee nbtrequene ynyoadditivhabinesfaca¥lembntor -

- Bluetooth TMtechnology. In the event of wreless
t echnol ogy being used to transfer data or signals

' The trdSh{ER) &f%tasc%rﬁa@%%% (}?{gxﬁéﬁf {J{vlgéﬁo%rc ab%gaich%{(égf &ther by a physical

controller an necess

‘conneqtionVerd evitdless etesimadol, eferet spesifichlly abfoieh PEledHH Owiring, optic fiber

transm fters and receivers of said data. 25 The

. commymeatiapeRdicoheqheaen o siiarad, ¥¥i-Kirns Blneteetht™, tashsnlagynin the event of

wiloGORBHARED i 583 USSPl NS B SBED T convotr

and beteeld. chtolles ahll VidtiRitor(), 08 8 MeSdss@y A6.85H61id8 tEAEesald elements with

capabl e of receiving the data fromsaid or each
correspoading tranypitessandrgeeiveseofsaidtiagat a recei ved from the

said or each sensor and transmtting the processed

data in the formof instructing signals to at | east

The aforeneatibneal oontrolReHE the Prdseit! inkentnOSRhSises tat Y&Hse ohd Romputer or
actuator 30 or actuators |eading themto accurately =

 automaten: papable o rumaingealsieatt esafievaee progtm tolproesuingleade. Said software

I I he sai d software or .Qrocessin .
prografi 33 pfocessE SleBs gl G er @ e e R Fort vl S ERBFRRn, processing
the saié data RESIGERIBM he MERldVorPeal B SbnsbF Qs AfhsoitlRadE Rlocessed data in the

Program and an Unl oadi ng Program The Test Program

form of welErqbine signelsdo @aba_@t Qe gotnton ri?hg_s;a-j@smthg isigpalis pctivate the actuator
o ot T Bt 151019 180005 B0 LS50 B Mg e

- PreferabB, tHe@RRNMEWRS bSprodiiSing Roddiths ShiPE QU AR EAEARPH 1848 Bhree sub-

an algorithmthat” refl ects the control strategy that
programg,| nemgly adbyst FosuBST|Loatiag PregiemTandrul Enkeding(Program. The Test

- Progrm%qgé})/rl}oqg%g’% b%sqy g%%l%/ucs)gao t%ltiluectly promote the stretching 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
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- In theeyept
or rel%@ﬂqg'lﬂf‘s% o?ﬁn&epgndeﬁﬁo)ﬁg # gfﬂﬁ 1 Tg.i? %I%tleﬁgtw'@ﬁ{ IQsefh% prestressing

- _gantngﬁ VR
: the'pré—h%l#&éﬁéagl%&ﬁﬁ thg Lk elem ! est%ﬁtlg Ylen]gﬁn Llentlonl,ed above.

4 for the specific gantry in question in the | oading
phase (for exanple during concrete filling). The

Wol BagigesusPr ogram i ncor porates an al gorithm t Batrpranes000011
reflects the return of the agtuator to its resting

for thE@ﬁd:diﬁ@ Barftityn lRGesiog Gh tHe Qéadﬁiwﬁﬂab@ggmmpummgl déﬁ@rete filling). The

deck_prestressing is applie menti oned above
Unloml’mtﬁém mcargnoxa@ anraégqrmlmz T%ﬂlftﬁﬁath% refurn of tlieeactuator to its resting

post ol sEl kst ey, PG SR alfwe o S oot 0"

‘enabl es the prestressing to be adjusted in specific
parts of the main structure. the actuator or actuators
As mentipnpd eboecuponThesiviag theii msmc'ung kiggals frigmethe cntralier, dhet hevement of

the fypE f oBiar e Fomioled, du6 s R rBEeSal, BiogRay ale sctuaor or

| actuafoli’seto g;slyaé ecillc REnu) of %o orbS/afi/Br TR SE étw%l @i:éc%n, Therefore, the
g th e unbon

alteri tension of t ded cabl e or cabl es
actua@n or BbﬁlStOEBd!jS/[aBEt Ieﬂgausﬁ:dae fur aﬁem@ﬁnertgnmn oihtkze mabonded cable or cables
viqus to thagse illed in

and @F{ Cﬁsﬁég |Wf8§€eé5%$ 09&&‘8%1% Strgeture, Aswi eo‘PPV&R“S 'R é‘mse skilled in
the af? %ﬂé fciabd bRk ?ﬁhé Renfih %F‘fiféﬁ Bl A RR beHRS %atn}‘,e with the
orc te In the

counteracting t I nterna €s genera

g necessm}r o touméerimying e antdraslfatcengérenatad in the strhetumﬂgnthe@ctemal actions.

t here nore than one cable, the tepsiqn of th
‘étbégFlé%e%yn‘E‘fé cselg: 1 tepan dribe sud cabletmAg b tensioned

man oper at or roni c con

to be bdjastel] megpadifie parts @ftthe maini shgctibee act uat or or actuators.
In this enbodi nent, the hunman operator receives the
data transmtted. fromthe, said sensor or sensors

In ancﬁﬂ%é%s@g%\éo?:gﬁ er?n oh%méﬁ B?ﬁﬁ'xﬂ& Bnttﬂg c&ﬁfbgl'ef‘%}%y Bég‘ﬁﬁman-operator in

en pronntes 16 nmovenent

contrcﬂodflmt eleciooniacontedi dsoard tapabldest sdivetitg d@dumenator or actuators. In this
el f-eguilibrating forces on the main structure Thi s

embogiepegh dhe HUDBRAPFAIOR 75t dase apunifed:Epmethei saigl sersor or sensors
and uﬁé}ﬁ e i, lﬁép%&{lé 51:\ ltl’ft‘:s‘r%acﬁﬁréC Hﬁe @a@efalib‘? Ttﬁéﬁ ad émotes the movement of

mat'ic-con

the actwatdr @b betatbis i losder @cainhﬁdﬁderseﬁ-ehumbfahﬂg €sroésain the pladn structure, This

per rmnent ly controlling the actuyator or actuators

| Semk%uﬁ?mﬁgc Bembtauat of the peesiropsing ot SRglrals jose pieciserijan the fully

'automl‘:éﬁé”gﬁ ?]laag kérﬁﬁ mg%éehﬁs{&g@%.ﬁ ? ]{a;t? l gpg fﬁ%lﬁs 1?\5/ q?l!nage&;:}&ator to be

permanabmly enmbilingl tht equitbeoragtianps darigf phiods 6XHME g reach several hours,
gantries with an automatic adjusting prestressing

for exayleediringihe concrsie dlling cfefridgededy equi pping the

- pre-existent gantry with the essential elenents and
system of the invention nentioned above. 3.0 The great

It should \sdsottraotal thifthe pregae Mvehfidiilbd odhtéEiplaRa thel dquivpe df§Se-existing '

t he gOSSIbI|Ity to apply large anount of prestressing

@R apiosRaic gl mmestgﬁamg @Est@nn“éhls @:raf,hqdris tapl@ewduhy equipping

of pres resst rro
~art. "fixed" prestressing, w thout exterlor Ioadlng
applied, the main structure would break "up side

- The gre%? advantage of the present invention is that it provides the possibility to apply large

‘amount of prestressing without nnplymg undesirable deformations in the main structure when

exterior loads are not applied. If such an amount of prestressing was applied usmg 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 SHEFT (RINI F 26)
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down". Besides that, the present invention provides a
substantial reduction in prestressing |osses.. 35
- WOLESGWIoBBE SMFFT (Rill F 261 WO 2004/ 109018 PpCT/PT2004/000011
PCT/ PT2004/ 000011 5 A gantsy w th auto-adjustin
A ganpy ewith esdo-agjustng pmstyessmgulmde dreémd nhéd-Epat dd?@tions because

because .adjustin stressi,n sat.es t
adjusting PREEESSIAR { ﬁ%@ﬁ‘i’gﬁg stsF e 8&th Joddi o {jh@ggh & e§§1§1> opfrtroduces
comprecsgiroﬁ%ﬁ‘@:?ses, ffS’Ir thk 86 S AiBod &3R8 BeiaRIufE fﬂéhﬁntsfdne@h@ kdHin structure

nmoments on the main structure are substantiall
are sutrsmdtla‘lejdrdihcfsi thmlna:ducn% maximmmsgessesindbe mairt $tochug members. Thus

the TSGR T, SBEOS B 1 BRI SUTRAROPEVAGTRG B dighter end

: ﬁmmolnh%]c{nygf and functional gantry. Additionally, the

I's al so economcally nore efficient than the.
present prior art because it permts far nore reuse

a single gantry. As, w | |de omthis,
Addltlcpﬁtlarntheeaew 1s; alsy §copomicaliyy n@aﬁﬁffgr BieRAnt grior art because it

_penmt?gz{r él%brjeﬁsep Y Eﬁlgl?:?raﬁﬂ? CAL i Hésrﬁr‘i’dégue : ﬁuﬁ@é’t@n‘r specification, a

I ons t an p gantrr es

gantry adpividihatid adjisebie Iﬁmtr@smgt:at bmusnﬁan nedy lno@rd siteatioins than pnor art
ranges (or sgbn ranges)’ w thout uiri ng subst anti al
ganmead@sttp aﬁaadap i £ 8 st SEeaten RgRIhey og leadt 1egel vapgesger isgan ranges)

the gantry is under
thhou&:be f qggagétan}‘%f #@[l“tn%?gﬁ%l% %%mg ngerous def or mati ons
or tensions caused by external actions are i medi ately
counteracted and resol ved. As redundancy is to, be

| Annthqurpate@dvaeeg@cs ghat theistractueal dehwapnrcol SSnpdithissupdrg continuous

momtogg g &Bﬁgﬁ{xgae%%gdeg de \QP)O/ESS% tg[:%;;gl%seéa %dt lgf .. *tg&?leégcfnogg Xrie immediately

countez%.@fébl' dnderei@d AbaleditiRnéerif toPbeskpdRd] gpecitlyl twiihS electronic
used herein consists in the introduction of ' a set of

composeit anstpnntd pechehing dewicen dn eases pEfadurendany gonneaentyfhe|gantry safety

@t% @eract the internal forces generated in the

is not 158t ur e by, external actions. Brief Description of
the Drawings 25 Fig. 1 shows a sinplified side view of _
an enbodi nent of the present invention, in whichit is

It sheubﬁmsmdtr:cbthabths temmt mesmrsm Iae frdmusedthiezain eensists injheintduction of a

set of §g L pvenh] ont{.ngofpﬂleﬁ gn {He sty %’t éwll Fi;l)"i“: g{t&'e I&%e%%ces generated

_in the sﬁﬂénﬁb}aém%g%g@ﬂ; cabl e anchored to the main

structure using an anchorage that  is

passi ve/ non-novable; Fig. 4 shows an end of an
bned anchored to the main structure usi ng an
an fﬁwg‘fraw? 9

.Brlef l%@

-

Fig. 1 shows a simplified side view lof_ 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 strucfure 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
S is active/mdvable due to a hydraulic jack placed in between; N
“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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“previogs segnmak. devi at i on saddl es (14) supported by two

Is active/novable due to a hydraulic jack placed in
between; Fig. 5 shows a schematic flow diagramof a

[ utomati c control process of the pre ; :
HEi Juog‘hl;g SUBSTI TUTE. SHEET {RULE 26) WD 2004?"%%’6’%@“54’""“0”

Fig. SR F Bl S poup DT oA of oft SRR Rty of the present

inventibs; present invention; Fig. 7 shows a-sinplified
. Jepresentation of the hydraulic gircuit; Fig. 8 shows
Fig. 7s00R &rftieh 1edgprresseipion Phthe Sy dBue GFeiti rcuit wherein
- u ) - : . :
Fig § SEFE LA BRI o J IUOHROES: Al pmsancer i
introdsicedit and devi ation saddle; Fig. 10 shows a

sinmplified representati on of another enbodi nent of a

Fig. Srabows senplified rensesgntatien, okan extendably conraptingsit A dayiasiompsaddle;

i 9000 o U O Ml of BYROV st e

deviafioh bale®itemIniooills BRegatich)a particul ar - preferred

enbodi ment” and .t he draw ngs nentioned above. The
description of the enbodi nent and the draw ngs are
L by~way. of .e | e, .and should not be interpreted
Best I%ﬁxf?')r;?fﬁ'&ﬂlgt%'ég(@ggﬁ‘é@t‘fg of the invention as defined
in the attached clains. Making reference to fig. 1,
there is provided a gantry conprising a main structure
A defailpd slepsipitipnt efdthe bipventionowile moge folicon snakmy oferendedtlh @@ particular

preferf G P RamEnt ot A e, PRCACHER Ve, cLhsPdeber R g e cmbodiment

formwrk and nain

“and ﬂieftﬁggiél?ﬁaﬁioﬂﬂﬂ & xﬁ%ﬁ&ﬂ&@m\ﬁ!ﬁ‘f Gd §outd b StterpRetedis limiting the scope

sup oadi ngs. The main structure

~of thejigveation asdafthed bxthgattapbed sims to assune a design

simlar to that -illustrated in-fig. 1. The |ocation of
| the supports are defined for a typical = construtive
Makiﬂ%x‘éfﬁi‘éx% € YiBeT, Thed@ & pr6Aaed £ a8ntly édrhMesiSeORRR strubtd (19 constituted
the same |length of the structure's span, starts at a .
by twdi auttemgsetiofs apipeneximddielsectibns The twe asifearsedtioosy whish are meant to

i S A SRR B8R i ot

suppoftEbrmWeR £A BAk fbaliRipe THAhHR! sudb@te Ria rdshiR b%ﬁir%grderbseo as to assume

structure. The cabl és nmust, for obvi ous reasons,

‘a desigm bionilde th tatilinstatdsandig e Thedomtios of thedspmrts are defined for a typical |

coustefiug (5eBbiGHR Rt e SURER S oRLE SoLBIPEl JBBids g e leigth of the

external ca I e

sal

st e SRR SERS U g 5, B oo o

two space

correspondi ng

N - The main structure (1) is equipped with two external cables (5), one on each longitudinal side of

30

“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

35

deviation saddle (14) and a second connected fo 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).

CSURSTITUTE.SHEET {R111 F 28}




. connecting struts (13).. Each said connecting strut
(13). has a first end coupled to a single deviation
WM@!-UEWIM) and a second connected to the sai HJTfaTZﬂO-HOUOOH
(1 onpecting, struts {13) ar

d
Each 35*151 ef Bah sﬁkgm a:ft)rlsal & the paid gnaip sepius s et &wo ppchorages.

o R gk S5 (PN HGERSR ASEE T el o e o

10 -

_15

| 20

“passr»E@IvhBﬂ' 20 QA¢HRARE Repbriimach figact Nfthdso bhichoapbesre (coinprised of prior art
secured to the said main structure Sl) by means of two
anchoragpshsadydé) thatiges fixedsto siwgngtharlatenily) ermeinpnily eenseeted to the main

smend €0 SRR B QST Sl BT B epore of

thepregé[gg{@nﬁgnthese anchorages are conprised of prior art
anchorages heads (16) that are fixed to strength
. pl ates (15) perrranently connected to the main

 Repory B Bl RSB ARARAE Se 0L 80D S8 SABL8Rs ofa prir

art ancEcﬁI@g@ Iiéad' m}aﬂiat Qrﬁxea% Rependth pihté 01 8 afathed b ordydrautic jack (23).
nmoveabl e anchorage of the present enbodi ment conprises

Said hysfrawdicga¢lols fixedtio astrengtiractiemplatei@Y) thatis perndnentiiconnected 10 the
a strength plate (18) attached to one hydraulic jack
mms‘(%ﬁm(fgai d hydraulic jack is fixed to a strength
reaction plate (17) that is permanently connected to
the main structure (1). It should be stressed that a

" It shouldabe strasself thet dnean@yrbbdﬂaﬂecmhochmenﬂs asspaskible, farrexample, the reaction

- plate (R el G mtiioe B b, b s A i 4bla iphe middle

section Br {f1Re ?ﬂuﬁﬂ flabks & écfl{é% te%he! nfmﬁbgleof‘é%%rs Ghey ﬁﬁ@:lt?%ss through

I S equa e nunb actuators, they might pas
them(pﬂnrattgimllowtehmdemjj or art hollow cilinders). The.

movenent of the hydraulic jack's (23) piston whi ch may

be done by el enentar strokes, pushing plate (18) and

' The 1n§\ta)%1 ARG BEERT e ) gér@rg;g% g@ncghtﬁﬁm% Qd by Gdthéntar strokes,

pushing plated 8pénd fhe agehnkagy haadl(lich awan Somathe train mwtumﬂ) has the effect of
prestressing in the _strucutre., Conyersel

temona}gp%a%&ﬂﬂl% G srbieh of fheganty and JRereasng &ﬂal%@elh@fgaremwmg in the

| .sﬁucutfeo\ﬁ%ﬁq&sélﬂ eﬂae;%:pﬁgé %Tlfﬁeepfa% Wg%& aﬁﬂib?aég%%agf(gﬁfowards the

rel axi ['e ‘or*ca nd

main strbeef @) e;vcnﬂdi bava thet df&ct of edlaxdfig of dled cabcbesomgables of the gantry and
: structure, The mpvenent  of ,the hydraul ] ack's (,23)
therefops; Eqdyping dhe deyed i dvrweaﬂwen g%ﬂ ptruckyre.c e rff& lﬁ&e hydraulic

jack’s @%?@Héfotg ﬂaﬁ«‘fbx\%\)eh b?or c %ﬁ?ﬂdd“%ﬁe@ l&’? épmgt Wtﬂﬁ be discussed

further fhrﬂdrﬁ\alllhbcinﬂeﬁsﬁy dfAB9 foRde ﬂnhﬁhoﬂl@ﬁe&aﬂ)h& by ﬂ'ﬁ“@ﬂf&dﬂlw_] ztdk (23)onthe
he nunber of strokes advanced by- the piston,

© plate (L crsiRpih ahe Rumbs o ﬁh@k@@@m@ﬂ@a@%pﬁ@@ewwcwéwe with the

.30

s p1oce$513g % rngt%&é{egéxbgd frothﬁé %oﬁ@él%r,sfhg&agafd 9%11519 bélﬂgtnlf [tﬁ}n%ﬁgtfi upon the

- measurements of the sensor or sensors. It should be noted that both moveable and passive

anchorages are designed to enable the cables to be released should there be a necessity in

substituting them or transporting the structure:

o Altemati\fely, refering to figure 9, the tensioning and relaxing of the said unbonded cables (5)

_' 35 .

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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03 Fa R el b b e
flow B of b i ic i e iEX(BR T8 BBty denale alssrfimote the movement of

nmeasurenents of the sensor or sensors. It should be
noted that both noveabl e and passive anchorages are

4851090 faMofs0- enabl e the cables to be rel eased Wﬂoomoﬂou
there be a necessity in 30 gubstituting themo

~ struchur@ (e rbudd fHie aglony ghdl e4ble Abhkichat tovﬁk)’dev{aﬁf)ﬁ rdafidle tiQ tensioned

figure 9, the tenS|on|ng and rel axing of the said

- bringii Bhre 40 dudseass i She pr@@trﬁsamg of e siowimedla this care the actuator would
' S s (13) if hydraulic jacks
mcre%? t%?%g’}lfl g%““’gﬁge?% ?1[8% ﬁ'ﬁli%h structure (1) and

~deviation saddles (14). Wth this enbodi nent, the
~ extending 35 of the hydrauli ack' s piston forces the
The bﬁhiﬂé@mmt 0§ thbemnatoranayswmnnfa( toithataepsesénteshint i 7or8kid hydraulic

T L TUT SHEET (R WD 2004/ 1090
cireuB RS vaﬁélflpm(% {20 o4 GG RV PG 2y comnected o some

' t t
dlrecﬁﬁﬁdl Qalved [12)Calph € mﬁ%ﬁ ValveB e Hemi & :e%?vo‘a@@zi eTieSdirectional

tensi oned  Dbringi increase In

| valvesr(@) are érs fumy cofinetted trbugle samepipenot tubes @aﬁceﬂth:grdrauhc Jack or jacks

ncrease fﬂrce .and .eccentricit

g actate tsreleote metor i%ﬁ thwpomofes the

the dirbationelsysdersi (22) modrder o208k tlmcﬁmeemmdf the fvenef oil or sn:mlar fluid. The
desigp A5 SO e By rogls 7ot & PRE SESBHRE 10 (PR techmigues and
usmg(ﬁ%\a{ngéﬂﬁiolb%dgﬂfa%;fﬁ? g%{glgtfajfvgg%;th? %g?m B;”rﬁgﬁe Bfan (dhR @Stuator (e.g -

' moreltlm anegedkicths dexigrd of the hydradlie systetorie himtedactordaigty. fthie essential that

10 f] ow of, .oil

ctric tor 21 aj. propotes the
e cgpbBatam of Praptly Sipui mcfla kedo pyact ipfl qXRESFIVER 1ppig manner for this

couldsécﬁxii}ﬁbﬁtsg g@ SHipbe 'ﬁe%ﬁfa&g&aﬁlsddréﬁfaﬁo;f@ﬁglem motor,

der to alter t Irection o

',atthoﬁgmﬂmfopuohsmequaﬁylsaﬁam uid. The design and

~installation of the hydraulic systemis mde according.
to common techni ques and using known technol ogy

-Ther H_r% t{ﬁ Y?}]“E‘h@p”ﬁo&%h’t\{ﬁ%nbga&he event of nore than

one’jack), the design of
the hydraullc systemis adapted accordingly. It is
essenti al gat 15 the conb .nation of hydraulic circuit
{and ina@@ma Ongg onfach Ih'bf @ jack<aquels the presirepsingfqese that it has to
foru% e coul d conpromi se the integrity of the
- str ture; The said motor is preferably an electric
' (ifyot omaxinain lrough oftdach pinbn Rofeoadequald yretchiigif @he cables that
‘The requirenents that hydraulic systen1nust have are: -
(i) PradnRtherpremus, presEessng deig Blas fhectoveg nacesstyeto compensate

 Pr eSEARSHAG 1 s h BRterhbufl AR el 1o BAME B dabled assernving;

maxi m cou eac on correspond

(i8) r etnirtiimogn OéloﬁlheOﬁ:@dahqﬁstbxhad suchriagiihe réIpensgrperiod of the system is
_ prestreg?w? force plus the course necessary to _

I &@%P@Yé@hﬁpﬁ*@ﬁ sdingpriiedia const ructive
G5 et Selobly BF Tl Rfeop S B RBR SR Bflr {debdmic amplification

r espRBRe) @&fsiﬁ GmBly b QysyHtLHsiability — see Equatmn 2 below, unless other

measures are taken to avoid dynamic problems;

(v)  minimum pressure in each piston is such that its d1mens1ons are geometrically

compatible with its insertion on the gantry.

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

~gentry of the invention is also equipped at least one semsor for monitoring the structural
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s A, B 8 B LS i 8 Rl 4 DT srer

- Howeve! hb(C Bbgloming nietindaany, the dySea bedomes §ﬂﬁle?ti£ro@ﬂy_ one measure is
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equal or inferior to the correspondi ng | oadi ng peri od,
(iv) maxi mum vel ocity of the piston is such that the
WO 2(0aiee9o18 (dynanmi c anplification factor) doeBOI/PT2004/0060011
imply the system s instabil®ty -- see Equation 2

__ bebaviost oftheundin strugutee(l). B0a prsfoedambadinentitbe man siveitge (1) is-fitied

i o ST SR8 e el AR TR R o B A o Rltce of e

said sERFRAL (D! Thiv kdhsdit $s, 1105 WhhPR, @R dxksGRBEF YlueliNto QrfBfile in the
to.materialise the automatism of the adjustable

- controfled sacties,silich wpsldatodetmanédsed exteosion vargatio8§ agd subspqusmtly tension

vaiash SRS ot ) S D o SR ST B st
placedvnlgt@alfzs?:%/o}: %&%ﬁpﬁﬂ%@&ﬂd ?9;9199—’3116 HelfhRY bPertséﬁe bR therefore

in structure a preferred enbodi nent
altimetriv varmtionscofileeel( Reporting itd figare 8yithib isoa yem somple medasuratdent strategy
e. |l ower

 besed g i Sl s GHLEIRBOS Do e SBR[l 02 Ao SO 2P) Tocated at
a ﬁxeci ﬁoesﬁdég(rf]ctﬁ;%%@g%, o} ofid E@iﬂ%ﬂﬂ?’%&fém % it ?ﬁsﬁ:@ﬁé}{sﬁﬁ&r "gﬁﬁ) located

secton, WO ow to measur
at midesplas of itk lauwachigt pivde, (13 nwltls o fesiplefitidyiinceassinterconnection (27). Any
) variatjons. , The main structuyre (1) may be .al so
deformptisp i fhe yoainy sirpitere nimeensured 98 ScRIBISETS: Yaslabion OB the pressure sensor.

This V{%Lugqgg)a aft@hdd W%ﬂ%fal H}l@erggﬂ% rﬁ}é? g]'ingéhsml d lgﬁa:i”gﬁovements or

Suring of” pressure an ore altine

- compr¥sRidngihepdiSer@fonl thy etructidepor ting to figure 8, this is a

- very.sinple neasurenent strategy based on the static
pressure difference between the fluid level in a fluid - -

Naturaglifg%r %a%eg&é%gén%%éﬁogﬁ%te gg‘@rﬁh r%ﬁg%t@o%séfttjl@ Byt and internal forces

~adequate pressure
acting tpaf SRUGEH strdéthrd 0§ ah@ Herdde.a Aéardh plctaiRadt thé stritural behaviour at any
| aunching girder (1), with a flexible fluid |ine as
be agyentagesus fehave sxigRsomederpgitached to several

. m)ve;mant S or compressi on phenomsna on the structure. .
considgmd i ther sakinycontiek algorthma r Thenemnlenagntari (18R05 of peusors, which can be

LI ROASTEANEG, SablSe SOPEY AR d ) o o

extern#liyCinHeRutioh tb e Slall Stuthatb (9@ Bﬁe\/i:%ﬁble aff paodticing 480 which would be
time. For exanple, it would be advantageous to have
sent toghe eonixodier either throughhysicel coanestian or thrangh wired¢ss tragsnalssion, only to

v SR S o oGP T s
 thermdl REriSCHS @A BREPEM ARt MR, dshedillyinQAGes Wik HHe ﬂaﬁscﬁﬁer_ is located

considered inthe main control al'gorithm The

* severabionibk ofimeteny ywaychewthoconsioHeror s, whi ch can be

installed in the nei ghbourhood, surface or interior of
_ the el ements of the gantry or even externally in
As mehBbR BBvd, thd ERTREN(6 oF ﬁ&tﬁgé&n{ ihlentRh Rof PSR! 2 16kt a computer or

produci ng ‘data whi ch woul d 'be sent to the controller

- automagon ffor exdmpieig BLEN fisit camprises neonipoter softwire praghanor prosessing code.

. r m Ssi on nl. . . -
This cgmgu 21 Sottwace bongpne/es talox.‘e:cep‘ucm phase of data from the said sensor or sensors (2);

- a processing phase for procéssing’ the said data received. from the said sensor or sensors (2); end

a transmission phase for 1Ians:r1itﬁng_ 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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In gewralrism&s pnef top & Q! stpategies W

provi de redundancy. The current output signal of each
sensor nust take into account imunity to 25 thernal

Wioﬁ‘bmﬁﬁ and el ect rorragnetl c fields, especi GIJ({TZPr#{J;bmooou

cases eére the transducer |§ | ocated several

The &kfveﬁﬁgﬁl@ﬁtso%é 3 né%té}esoft%l#er ;9{% -or c@ﬁ'ﬂi | QA8 %s done according to

the contro e pre |nvent|on
well koo icsmputing teelasituea, nnarﬂaﬁgaageowomlaubbnmlo khae( cﬁamputer or automaton

e a PLC at conprises a copgputer softwa
used, ﬁﬁaP‘aﬁPWfL %ﬁ%@gﬁm BHBIOCEHNE IPLE 18 AMBraY @eﬁ?ma@gles for the
autori b6 ofnd &gﬁﬂﬂ gg&‘r_e%ﬁg gata fromthe said
sensor or sensors ;a processing phase for
processing t he said data received fromthe said sensor
sensors (2); a transn1ss|o ase f
%ﬁ%ﬁ#@%@ ‘ng signals
to an actuator or actuators. It should be noted that
- the distance between the said sensor or sensors (2)
- and) t h€ontrohsfitendiats of Ghlfispanriaferior $ectivd @ohival sbetitmlyr e
35 SUBSTITUT SHEET (RULE 26 MD 20041109018
&Y/ PT A0 anishyasn deflfctione ‘sai d conput er
softmare progranlor processlng code i s done according
to well known conputing techniques, in a |anguage

C OTHeaddniob sthbtelly (dledeeiopét efansiaten Uhton® isiiiple ud@dithrhp éimilar o the
purpose of the said program or processing code is to

classysr“@w@% Baricalty fan g awgﬁ withfogly enecactupinrotidhe Eraelinm ingteases on the
contr, setcﬁgn Al lﬁg@ﬁﬁhg j i iséd(}%c?y %t E'E} cl e Ch @i?\%m% away from

erns, ‘one W ng con r Ol egl es

mamaﬁ@lﬁﬁl@ 1aje. %@tﬁreitreﬁémg gozboBfe Shphfdd OCipdie biephand, if traction
sectlon control section D) Control of the gantry

deéremqarféghm i¢ jpekisdA3Npirane aqueiefived grokaderpoching t6 main Stmcturf:)

@i PSR SRR ° 5% (R Ty Tor a ghntry wih

~only one actuator, if the traction increases on the
control section, the hydraulic jack's plston advances

‘The adgosition desonibad gbcr\@l@ﬂtuswfsd:gl thagsaph od fig. elihis Jgenithm gag also be put
estressing forces are anplified. On the :
L 1@“&???@?‘”%{8%?‘3 ‘l“faig‘ﬁ g15 decr eases, rr?he hydraul i ¢

20

~jack's (23) retracts a predefined stroke (appr oachi ng

to main structure) (1) i.e._prestressing forces are. B
Al edycedg)The Ligdm gese fbed abaye hg I | Lugir at ed "
“fin tﬁ’égGP ch@? A T gorlﬁm cal*al so b-i<1p .
sEl(G)WsJ dD)fb\m;gxu@g bedkt i cal equabi onc,20=dnaj
1 sci 532 +ngt>§sSoI<AG nc't+Q = nc t
GSm G +GS¢1 ¢ XGScl < i = nct+At I}.C -1
Equation (1)
 in which,
Osci (G) is the stress at the relevant ﬁbre in contwl cross section i due to
- dead loading;
- O'gei (Q) is the stress at the relevant fibre in control cross section 1 due to hve

loadmg at mstant 1;

s the stress increment at the relevant fibre in control cross sectxon i

o
oo,
"~ Sci -produced in one hydrauhc jack stroke
- FIC; € NCriar - are the number of strokes advanced at instants t and t+At.
ne, X Gy -1s the stress at the relevant fibre in control cross section 1 due to

action of the auto-adjustable prestressing at instant t;
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a Sci (+c (Q+nc t X6si > A=nct+at = nc +1

6sci (G +csoi Q+nc t x65 i < Aai nct+ t nct Equation

wWd 2002509018 Whi ch, Esc, (G 6tsci (Q is the stPEEBTHN4000011
the rel evant fibre in contrul cross section i due to

Agead loﬁl@' z;rﬁ Mtﬁ@ﬁcﬁw ’nha;ffb it r ess at

he rel _%bl ot (tedeHie str?gsq%&éel it makt thef‘ %rgofsp

live |s 3 |ncrenen ein
control P 8% 515[5@%1 on i produced in one hydraulic

jack stroke; racy e nct.et are the nunber of strokes
advanced at-instants t and t+Qt. nc, X 6s~t - is the

The acknpnes of this kihdof algerithmy shoilsk ke foHowerhby tieamwes<f fixdeg ploe control’s

f the auto-adjustable prestressing
Settmgétm Pﬁfs’ﬂ&rﬁ“’ ms%%%@‘?t TUTE SHEET (RUE F 261 WO

20041109018 PCT/ PT2004/ 000011 d,; e Aai 11 are, the-
conpression margi n and the activi ty margin of the
Typicailyj thstladﬂmssgf&gaames tthless plage aetyhslowly é@sexamp@ thet gomcrete ﬁﬂmg of

s ek 50 G LS SRR e 1 BB 80 bt v

& I gheh strok
a1 cat 3Pl | B i ol el

is sevephladiraesvionger shamvhy nafupal vébeatipn periddeofctberorait sindcture (g Newvertheless,

structures suc brid S era

the dyRRgie PR CAPSnY 43 58 LR o0y @i@wa%mw condition:
dynam c anplification effect. that is. necessary
Is to ensure that the tine perlod of each stroke is ' \
several tines | t han ,t he natj Ldration period
of the main stri?k&;[eﬂ'( )AdNev J, Ew the dynam c
anplification should be quantified and should verify
the follow ng condition: 10 Equation (2) In which a Equatlon(’?)

represents the factor of dynamc anplification
measur ed during the exclusive action 15 of-the

In whisk bupresertntha famor sfadyaanhiGampkfication nieasured turing the exclusive action

uncertainty |.
of the actuator on a course and & represents each uncertainty j.

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

significantly different from average values.

In a common application of the invention, the fundamental uncertainties to consider ave: the

difference of tension on the control section due to an extension equal to the maximum error on

_ the extensometer readings (67) and the difference of tension on the contrql 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 st_ructure (1} and cables_ (5), tension losses and construction errors).
i

Even if the mentmned error’s quantification is given (or the maxmum deviations of the

- - properties of the matenals) by the equipment and material suppliers, tests should be conducted to

30

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
- di , from average val ues. 20 In a common

gjﬁ{f{o?{@%%n of the inventio t he fundanent al PCT/PT2004/000011

uncertainties to consider are: the difference of

tension on the control section due to an extension
At thespa tirhe, thdollvekigaguetionr shouldibe vetiBedixt ensomet er

readings (51) and the dlffere ce_of tension on the

control sectds onggﬂf XL ror of

posi ti oni ng of¢ rau F% Jad% iston during a
basi ¢ trajectory nmovenent (S2) (this last one has in. ..
itself several uncertainties, namely the ones relategwmumle)
with the material 25 features of the main structure
(1) and cables (5), tension |osses and construction

The RIS of BME RBghdtioh e@suren thad e theedhisenicesol laad rthe fsiystarhireturns to its
is given (or the maxi mum devi ati ons of the propert| es .

: _on_cnmlp@shteomaterl al s) by the equi prment and materi al
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suppliers, tests should be conducted to
experinentally quantify the respective val ues during

The cbﬁﬁotcs@&fugé ﬁkm@ris REACHSthe fAbWify Ways type of

appl'i catron,. given the rel atlvely | ong duration of
| oadi-ng, the response del ays are, in-general,

glc_snr S—?—ggo debgg%%eﬂo{ g E"ogHEE (Ru%r(o 26&103?, eﬁ%&%lﬁ{: gﬂ 4 actuator

equati on |5ed
' f? c,il-I1 JH&%EéjB Q‘?’l on 1{%) &Thlesqgﬁréﬁnn@%%mg:o f;the Shortest course that
equation tﬁ@i gl P@ %3? it B aﬁi%stﬁ'f}ﬁﬁqﬁg witB @6oeptdb® precision (if the
ig

system retur s to position. The control
. settings dtioke msgknosvmrliﬁ:hbg/equabtofthb stostching Oﬁile calges) Sheppestressing

25 The i ncreas t ensi nonth cntrol tion
produced %}E ﬁfg’r"a 6\’}?*&1& {%?ﬁeglltvp Q&)Fﬁna,tlon on the

i s definegd iR fdiRGH ] Qfefihy shortest course that
the hydra%lc Jgacﬁﬁ(s%gso I'S éclgpabl e of making with
acceptabl e precision (if the stroke is known, which
is equal to the st et.chin \,\T,ge cabl

" presttessPRE ]455" s &gp e S&%Oﬁ@fse@ggﬁpﬁv is also known
. ther eSpe&ﬁﬁc\ﬁ%n e%ntﬁé Wheted 'eaﬁlbﬂ'@np hd El%tenais) one can determine A,

using Equation 3;

- The value of a is préviou_sly fixed and then confirmed through trial;

| - | Finally, Ac,.' is fixed aftending to Equati._on 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 § would

be adopted. Basically, for a gantry with only one actuator, if the mid-span deflection overcomes

a predefmed value, the hydrautic Jack’s p1st0n advances a predefined stroke (moving away from

mam structure (1) i.e. the prestressmg forces are amphﬁed On the other hand, if the mid-span

deﬂectmu overcomes another predefined value (the main gxrder rrud-span section 15 “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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control section is also defined); Once that value is
known and the stun of the uncertainties is also known

wobemabdoatr of the sel ected equi pnent and nat e®CAPR(04/000011
one can deternine DQ. .usi Equat i gn

' 3, - | ue.
strategy ) 0 8 79 SSEAYE 1y OCHL AR T RS 0B e PP sy

tri.al; .' K ' [¢3 af ' : Equati on 2.
may be H‘lﬁ@e’&%ﬁ%@a{% %&r/tgfdg&%}%?%ﬁﬁgg%@g%?gﬂétqg fgtrlrélﬁléd ; by an
_ algorithmsimlar to that of (a). In that case, the
] control variable would be the md span_ deflectign d {anni
This procedurs eae easilyhsasneralined for ganyigsovith JSTA than pe %B%?fe 3?‘3 planming
Basi cal f i . ]
of more gt Sia¥iies f e SRRLAPY Hiclod B ARIRARL L81ke Hing B uade, o

the consitegstil dffiohaGnteni 19hdifgPely. dnides carvpdedsf i ned stroke
(moving away from 30 main structure (1) i.e. the

prestressing forces are anplified. On the other hand,

e ol BT B8 O P BRI gt e o

preferench@8r AEEHY. ¥t maj b8 doMeHialIby Gndans of pull Batonedr dytmesms of a digital
predefi ned stroke (approaching to main struct g%g é&g i th
interface.. Bhe comind thoasbkisrprefomblieocated indhugagry Thireag dagopguator and ihe

Strate (b) is sinpler to be applied than control Sl
h}’dl‘a.‘ﬂllcFﬁﬁﬂPT&é}TF -SHFFTIRI 11 F 9R1. WD 2004/ 109018

PCTI PT2004/ 000011 strategy (a) and is not sensitive

to | ocal phenonena (where the sensor is located). This .
As will bt evitlewyto aitalosb skilted netiva fieldatheycostreltaf the gystmgmay also be donena

. equations simlar tgo equation 1. .Thi race : :

serni-aukRAtic BRI <ECROV AR § BT DPgRRT PR e e FegiRl umit. In this
scenarid A8 Wuld giaﬁt PSRN Bctrie Bhrd MECw6EIR ¢Bhtrél the he@iaglic ticuit and

rade considering tactors I'ike the way the concrete
hydraulfcl jaélisp garnelyrthelinternity anddireation afdprges torbeotpplied. The human operator

non-symmet ric | padi ngs e.g. hridge.curve decks:' The .
would rgemivs Hie 16edipgs q)-fgt%aé @W&Jg%é%rtggﬂﬂéﬁ@“’gﬁ’ﬁﬁbﬂﬁ“@ {férior and/or

| extemaihggglgﬁ&ffbsur%% 3&%&; ‘ ,_ag_.%ge Qe G ThaAR 881 mBRAAIS BREISHIEE jack or jacks

t'r vat ed by means of pull buttons’ or )
should fake aeivns aed also thegiireetionlfhdiletad of Gaactibhe Thisrsembiuionwfig System 18
i's preferably located in the

- Prone 1 @Rasg eator dhat fhlq hpalomats Csyﬂ:gﬁgée%éééeﬁ) qkzo%%rﬁt qg groyides another

; ' : .hpse skilled in the field, the
feas1blege¥)ﬂnt{%rﬂ%['xe%t;bf {ﬁ# inventiBR.

e system nmay al so be done in a
sem -automati c manner, in which a human operator
repl aces the automatic contr

| nwt. | his 1
I orderon ik S ErPTaRSH] HVERIBo Do ceilinereds fof FFamiblp fgpyone span to

. that l 9! tf icioBhiits Ubduiftittbnts, For this purpose,
-_amthefhng 5%%) #5‘8 ]pé%g{é tgr?‘g%re t)?. é’e{i‘ﬁgi‘lhﬁlg%l:h?y% gnd dinrsect iIo:n PEP

25

" embodigenbrthe frventipe i provided Wigh#ataongl st

30

certain @fenfodtscoBtHeopdary abm jretude Thaersinelnpasp dreacantourswofiithe structure are

designeddo ooy Adadetauieon evem Fesh RO R Tl o PSR apoptant for the
cel ati ; i ' i t A
ety R I A SRR g o

designeBGh labRicva s abjeetivieh@ephdiag binwack huintlng baradtetidetics. In one possible
action. This sem -automatic systemis 20@@{ one.to

PEROnEg Jfe econdary
hydralﬂycejtaofcg atd W bgeer%ta ‘ gﬁil r2:8{11'3353 are r_estricfed by structural ﬁxed devices (See Fig.

10). .

Itis 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 i common 1o

‘many modern prior art gantries. -
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feasi bl e enbodi nent of the invention. In order for the
gantry of the present invention to be easily noved,

e fromone span to another, it is : _
szg?{igﬁﬂsto attend to certgin funcionality @éﬁmmoomqoou
requi rements. For this purpose, 25 certain elenents of
the gantry that protrude. extensively past the contours _

Accondingt thestrattucet denign foatresd esnfgroechents (h2) mawbhdhssembled in the proximity

N T S INEY T —

g ﬂ-'n%rti saddl es (14) and cables (5). Several
tthsoI uta‘llj ons jrsray be designed to achieve this objective,

dependi ng on each | aunching caracterisctics. In. one
possi bl e enbodi nent, .the invention.is. prqyided wt
The deyptien sddles g@afyﬂzggqswd 38 08Ei ﬁmem (aQt dBhisseg) sro&e contact

. [ I r
sestiofAREE ol 00 Mt 95 it Qs S0 B8 St e ot
high fittidrsfoates n baleepegravdn fittting datiguenLshrifivated rwheelk)mdyebe also used for
capabl e of being divided into several nodular - - o

that pwgess ons in order to adapt it to many spans of '
different lengths. This characteristic is conmon to

' 35 many nodem prior art gantries. .SUBSTI TUTE SHEET

A safétRUhéchafitall retdBni30 Gvistdl HHhB8b6lEb T 0ROl the dofuator, where two

. According to structural design features, | . )
adjustalle iy stetled on (twp) Divpdystis accoripaRY.: e pisions BovRneattWith a slight

delay, dins (EVRERE albl EAROGAMN BEDF At BFenly 3B AP Bt

structure (1). 5 The deviation saddl es may be desi gned
with sonme sliding pieces (not illustrated) in the

In thechysradic cira ofoihe Wctumtorn somgadditismalc stendion (vallies fes \iedgstalled in

oo PR L5 S A B S YR ke s i

- preferhBly ieguipped-whh alaheatind dywbaekan R Hakiera Asiie UrRd thedlarms, emergency

.. that purpose. 10 A safety nechanical retention system
signalygy msesagessernphecsentiion edngob cabingt los cxen enentelly Jh dicanebite phones of

B Ly RS AP

Urgent PufreP SaMENIURY) apstdta tt® fasdud ﬂﬁcédlpﬁljz bMp&asrein the feRédt Wran energy
of any hydraul ic conponents. 15 [n the hydraulic B

. _blaCk%lit-r cuit of the actuators, some additional retention

val ves can be installed in between the directiona
val ve and the piston thus=avoiding prestressing

. Dependf@s@s eachhiass Up@fnts agd ﬁﬂo%&frﬁk,aﬁhmggzy &ﬁ@ﬂb_é/\'?ihd?ided for most
: I de e _

_ al arms that detect security dangers. e from
electragiicaeompponenis age fy pome elments adthedisskadiesircdibin be sent to
- a control . cabinet or even eventually to the nobile.

phones- of o

‘Certain procedures are also advisable before loading the gantry in a real-life working situation,

such as the performance of a series of preliminary and calibration tests. These tests identify

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

It'!:te actuator or actuators. The tests should be performed until the entire system is adequately
. tuned. ' o | ' R
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engi neers and operators on location. Furthernore, it
is also preferable to design and install an .20 Urgent

WEe10BLppl y (UPS) systemto assure the suppIPFTd’I’TNN/UUUOlI

power in the event of an ed®rgy bl ackout. Depending
on each case inportance and involved risk, redundancy

must be provided for é roni c conmponents and
- for sone elenents of th ic circuit. 25 Certain

procedures are al so advi sabl e before | oading the
gantry in a real-life working situation, such as the

) B?;aagr @ & ﬁfhe%oﬁﬁl{ﬂg ?{oc@s%?'bﬂﬂg@rﬁa@t&% &l dthératrudres, said

ese tests certain nmechani cal and
g4nttycbmpaisingr operti es and condltlons, as well as
eval uate connections, elasticity of the cables,
%Eﬁ?ﬁ?ﬁﬁﬁ%@ of the sensor or sensors and the
Tﬁ&g% cision of .30 the actuator or
ors E@&?s shoul d be performed until the
sﬁts'c hﬂc]:tb)f@gedm sevusifg quated yf taicheshondsd cable torthe Paid) stongtare and a

RAPI =T. tPlI 11 F.7.91 WD 2004/ 109018 P
segowh anchpsage) JrNascyringa thea ARROSIE SR éé#ﬂ?ﬁ@%og cable to the said
%ﬁfﬁ%%ucn on process of bridges, viaducts and ot her '
ures, said 5 gantry conprising: 10 15 2. A

Spithétéridé i hapg to claim 1, characterised in that the

said controller is at least a 0 ut.er
theredfprondesas deastonst senshs HoH $apab %¢ @tg@nfs ﬁ.prygpal variation in the

GG R S, B REPUOe B chmy RAE B BRI Preadable

Mg ﬁﬁcﬁffhnéﬂimﬁig%ﬁﬁéatﬂ & £ e6ierdiler; caidaloheolbdr hemgobapgble o activating

. said data transmtted by the said sensor and
amboubiat which testsi brtwee 84id stagture and: wid vabp toplle and which is

for e tgg %%iﬂo cé.eag]ggf{g ﬁeg%lgn% §HARborRiRd ca‘Fferiﬁ accordance to

ruct ure;

%Kgggeﬁgﬁgtgégle .a first anchorage for securing
one end of sald unbonded cable to. the said structure

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

| ~ computer or automaton capable of running at least a computer program or processing -

code.

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

- .-the said _unbonded cable. | | |

. A ganfry 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 sai_d unbonded cable can be

 internal or external fo 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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second anchorage for securing the opposite end of said
unbonded cable to the said structure; characterized
@Vﬁﬁ){; ?ere is provided at |east one sensor Pl(Iﬂ‘f};TZOO-UOOOOl]
capa nmeasuring a .phyggcal variation in'th
said main structure, an electronic interface
converting said neasurenents into readable data and
7t rﬁaga:miyt etcicongli@iodcld'm d, tlmractemivetirinl thet at lsast dne of said anchorages is
contrql.l er abl of activating . an actuator
R Sty el B atte BB aRRE. nbonded
.cable and which is capabLe of increasing or
decreasing the tension of said unbonded cable in
8. adc gandryreceording tohuainehant Brehatxtdrisedrin that ohe gatunivy is able to move
accordin aim1, characterised in that the said
c SRt PB‘PP%rm?‘éa geﬁlﬁl?ﬁﬁge%perat or. controlling manually a
switch board connected to the said at | east one
actuator. A gantry according to claim 1,

oc Hogaiyectadiheito cldiatl, Bhead ¢ adhdravieiseded theesaldeactimrortie at least one

. i.nternal or external to t he contours of said main

- shydraulifiack placedhin beiwesnangachorage agd said sam fUEtERy 5,

" characterised in.that said unbonded cable has a 35

l'inear or multi-linear |ayout. SUBSTI TUTE . SHEET ( RULE

' 120) g0y 200 HRI0 LT SRR A0chat AES6H in ViatsaidfacamRdcriy at least one

~according to claim1, char acterised in that at | east

0 ﬁ@tegdabb@aq;tgﬂawﬂh@ rfg‘@t@d. rgmovﬁbb’e@yngctg@\,gya seddle thak pupports the said
- Baf R b A 4 ot s BNl Bl 1o iPpaff 9‘%‘%@

actuator is able to. nmove one or nore novabl e
anchorages. 10 9. A gantry according to claim1,

 14A pmmaascerdingtp phlmrilaan 3, ehaxacterissd in Shat theesa@i Gbﬁ'@lts which

A s R B0 SR AN °2

‘and 4, characterised in that said actuator is at Ieast
one extendabl e strut with a first end renmpvably

12 érgraby agcarding te gledind andah cbaxppt@nzsd iththag g3id or eavb@ma is located

i R BRERPERA £o e SRR ol AR 3 SRS fhe ganiry, or i
a@ﬂeﬁ@lto&ﬁ@éﬁ&hﬁﬁﬂ%ﬂmﬁ:@ that the strut or struts '

* which support said saddles are retractable or novabl e,

by translation or rotation. 12. A gantry accordi ng to
Cléﬁ'g%qtrlyl ggq%&ﬁgg(:har At elr I4Z ed 15 ¢ arac enzed % t‘fnag said sensor is an

. extensometer, pressure transducer a LVDT, a laser sensor, a charge cell, an inclinometer,

- a plezometric sensor or similar device.

14. A gantry according to claim ! 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 ganiry according to claim' 1, characterized in that the fransmission of s_aid 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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30 35 in the nei ghbourhood, on the surface or interior
-of .the elenents of the gantry, or is external to the

el structure. 13. Ad . gantry accordin
“@?g.#ﬁ?@ﬂﬁ and 12, charactejjzed in that saidgg%%g%PyMMOﬂ

16! & Aty WXEGARRBIRIm PicRaReeRiskd I MG s GphdPbe gﬁbviding support
| aser Sensor, a charge cell, an inclinonmeter,.
pioe fomeverk drs s hewsting stscrdshor fhewrarest stgmetis,gaedastygirders, or even
according to.claim1 and 3, characterized in that
s%?ﬂﬂmﬂ b Soee 9P’ said or each sensor usef ul
for the calculation of the said intensity and/or
direction of the forces to be. applied by the

17abtmoethod far proaiditpa pte-gristisg \ganisy withf 4 edf-adjinsting prestressing system,
rqtations, .deformations, stresses.or l.oad |levels, 15 .
pChERCteTIZL I TR KR i ROP-GRYE SoRHIN S ROPReA e fhe pfpggerts of claim
the transm ssion of said readable data between said
sensor and said controller and the transm ssion of
said processed data between said controller and said -
or each actuator is done by electronic circuit,
optic-fiber comunication, radio frequency, infrared,.
W'-F1 or BlueTooth Tmtechnology. Cl IRST.ITlI IT1
QL4PI =T | PI 11. F ORL WD 2004/ 109018 PCT/-PT2004/ 000011
17-16:" A gantry accordi-ng to.claim1, /characterised in
that it i-s.capable of .pravidi ng support™ “for formwork
(in situ casting structures) or for precast segnents,
precast girders, or even for.other material.
structural: el ements, 5 17. A?nethOU‘for"proViding a
pre-existing gantry wth a.self-adjusting prestressing
system characterized in-that. the said pre-existing
gantry. is equipped with-.the el'enents of claim 1. 10
15 20 25 SUBSTI TUTE SHEET (RULE 26) =
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