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WD 2004/ 109018 PCT/ PT2004/ 000011 1 DESCRI PTI ON
GANTRY W TH AUTO- ADJUSTI NG PRESTRESSI NG 5 Techni ca

[ LS invention relates to a gantry for i.n

“@%ﬁ%‘PﬁQ%ion, and nore specjifically to a ganﬂ#ﬁﬁbfﬂmm@mmll

equi pped with a systemthat” automatically adjusts it's
prestressing. 10 Background Art |In nodern civil

engi neering, the use of j over sl ung and
underslung) in the cdﬁﬁ@&ﬁ@iﬁgﬁégﬁ bri dges and
vi aducts has |l argely overtaken ground resting”
scaf fol di ng. However, the factor that 15 hinders

ﬁ 22 L(Em@ﬁyj@ :%@ﬂ?g "Sr@#tﬁ( $1fmmgmsmgan d

construction | abour. Although present gantries are
reusable, it is also very conmmon for -themto require
TechniéB F@dapt 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 nd expepsive .process. .which nornmally.del ays
This infhiSh Teltsiio e, sERORE 1R A0SR 5 AR el B2 gantey
equippeda¥ith' d Stcal @ot AuidthdtRA]lP OdfBsts AnSiréiRfeaihe risk. This is
because they are structures that are neant to support
. a great deal of permanent and vari able | oads and can
ﬁﬂfl a great deal of deformations and stresses
Backgr{) a A&/gaken the structure and may eventually lead to
its collapse. Several accidents have occurred in the

past, 25 The use of cables or tendon ith adjustable

In modegp giyil @8&@%@%%&%%&@@%@&W@¥ﬂ%%§§ﬂe{s@ﬂg g cAgyiruction of
_ . : e

rdes S80S G859y SOTLMERE M B8 o

hinders thedh) moMQe2ralB8db®se (it theetaciothst they Eepresenit) laagalind€stment in terms of
. ,01/27406. However, thes structures requirsed.the

matealy A GRGRPFASR 1S40t LRHER DrOR S Eies s BRBbICo f 1Elgp yggommon

for .then{n Elfreglg%‘é 'r@-QdaﬁBftatfoﬁ,ei@&rﬁé\.ﬁéﬁv?henTﬁl% (RGHSEIE Tor Wa8 cBtr§ Inore load

nmade 1 n response to the |oads "applied to the
then it gias uoitieHe desigaery foryiThim adaprationbist invétself at ey Time| eteuiming and

v e PR BB PR (15,90

- 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
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WD 2004/ 109018 PCT/ PT2004/000011 2 It is the primary
obj ect of the present invention to provide a gantry

i utomatic or sem - automatic system
Wwd25 ]?i{)bng the prestressing pof the gantry's SEHCTéPTZOOMMOH

It is the ﬁnﬁﬁﬁo 5@@&0&- the ¥é§&1t IEhBS R ]ﬁ%i k %anga#a'a?'m a@ehﬂoﬁﬂnc or semi-

oadl gs occure. ther obj ect
automadic sykterp ot sdjnstingnthe niréstuessing pf thei gty srefirecture in accordance to the

extern o5 B Biabied s BABE e Ufhsscoces o systom

capabl e of countering deforrmtl ons and stresses in
the structure of the gantry.imediately after
It is a {etbecelijery of Hempresentimversiosuip mgfléﬁ & orape sisactivelly efftcient gantry than

rant an ade stru er f onance.
ones of 1R BREFFE, Hhrd GRS pq st pPiseBRb '+ TG caRetyp of Suntering
deformPfiensi (hel sAre@RBTA Yhed SRictir® of Bieahhiy AinnSdRiely taiftBe detd®ing them, thus
| oad than a prior art gantry of equival ent size and

- ensuting@r@EpgRstion i gugtpaiegsiap adequatesstrigtuzal detfomange. obj ect

of the present invention to provide a systemwhich is
able to be wused for strenghtening different old or

It is stilh @iuitisd 0bjechef the piekd® mvienfidrsto ptévid 8 ghmsuithet @fcapdide of supportlng
I nvention According to its broadest aspect t he

more logd daan PioTErEanEH Op @Yl size gathstriptyrahkm™ase in t he
construction process of bridges, viaducts and ot her
structures, said gantry conprising: a main 20 | oad
Finallybie wm@ldh:icrnabbhjeﬁ,of dic gresest inogrtionnd preldde £ gystem waich is able to be
first_ancho ?r secuyi ng.one end of sai d unbonded
used fopsffanghieping R IrsntcpId pF Y laharhieantiss e anchor age f or
securing the opposite end of said unbonded cable to
the said structure; characterized in that there is
Disclosprosf thednwéntiomast one sensor capabl e of neasuring a
physi cal variation in said main structure, an
el ectronic interface converting said neasurenents

‘Accordingt ® H§aslaRbeRt ?1? %aﬂgg n}%}:ﬁ@ﬁﬁ Mhtdntibd Hotdesat gaﬂtﬁy Jor use in the

controller; sa roll er being capabl e of
construeticmi paessa pfdnidges, wmd@ctsmﬁamm@ﬁusmrfét mé 2By gomprising: a main

load bedfi ot 3 Rl SRR e SR o Rt ki Rolibing one end of said

unbondécﬂb&blellf@ﬂﬁdﬁ&ﬁ RS antl adReOidaherded fohsecitiag Wieeomivsie end of
ken. The sai d unbonded cabl e can be either internal

said un*bcrndé& F@l?lﬁ dp theosait strecsmeocharagierigeh in; ghat thereds payyided at least one

sensor fi%ggl e | T‘rn? %ﬁé@ﬁ%@gbéﬂ%&i{%ﬁ&n@uﬁuﬁé 'aﬂeﬁéctromc interface

convertihg b;bﬁ méésefmemymhﬁreadahle(ﬂm ancbfransrmﬁlﬁir@éal(hdﬁa waebﬁad)ner, said

capl.es, se_ends .are individuall secured h .
controﬂgrp’é%% |°6P9é’iﬁz Abpetyating angstEatan mfageéas Privaen s stnegre and said

unbondécpc %%:lfl]x gl ﬂet of Me‘fiéﬁeg UPXe g‘f&%l&ﬂﬁ“sa&pﬁnbonded

anc or age ose ruct ura erren

cable inatedriimredo fHeahe@surementsdalahl y, the onI y rest ri ct| on is
that the cable's |ayout should not cone into conflict
wWth 35 neither the structure nor the construction

The sai®uA66mfed cable can be either infernal 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 info conflict with

neither the structure nor the construction process.
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SUBSTI TUTE SHEET (RULE 26) WO 2004/109018
PCT/ PT2004/ 000011 3 As nentioned above, the main
t is nonitored by at | east one sensor t
w@i#"ﬁ@’%ﬁ the nei ghbourhooyl, surface or int rqﬁép?'%@q“ﬁﬂmu
an elenment of the gantry or  may even be external to
the main structure. In general terns, the |ocation of
As mettivaed ebswary thermaiestactsrel is mooitoredbyrat beast ane skmsor lasted either in the
... th an ccura as redefi ned physical
neighbuipord FOHBSCH Biokel fnelerinal OF R groiry e ey Hiogstemal to the
i ﬂ}ﬁuﬁeﬁ%\‘:‘h B Brhis ! A TocBfidh S¥SRE HénsBPér deliSors Blrot iAgdrRAt so 1
A s of the iIntensi tysand}oc?r 1((%1 rection of ther orckéf;215 E)%O ong as
they caapptiretd]sbyeadues amt picined physitad vafiationsoarti main structure when it is
di spl acenents, rotations, deformations, 10 |oad.
inuse. | oyel s, tensions, extensions or pressures. The gantry
is also preferably equi pped with one or nore auxiliary

sensors for neasuring tenperatures and eventually for
The mensarsmehisgthete krgcuselidsfonthe cudaddtionanf ﬂlnsmtemtwandj@reélr@hon of the

forces R SRl P SCubREIPE e for APy et st iR R formatons,

load leadls, €hkRAS,WXkdr8Ions 8r piékiliresaTheirysSe AR ﬁ)réiéra@ly(bﬁ @i with one or
cell. The sensors may be directly connected to e

more apgHeycienagrs dpr TRBUE temParpiiees fand ceveniually forvmmﬁﬁr% velocities or
acceler%ﬁ%f W%e@gﬂe Arrg%% l}/lgterfgefssbgag)éé)tes&g{] vf ] 51%9 F)ganﬁéﬂlggﬁ Sensor or

sensors@dp be % firessgre #arkdudoh) arl dxtihsonties, adUVDITN @ lfasysensor or a charge cell.
addi tional .interface el enents. The transm ssion of
The senpgysamay bgjdirpstly connacted tothe e?ntrqim o threpeh: g idgrface circuit which

[ [ [
my n YA R0 Y o BER U, PSSR P IARE s vt
stanclar«b puputs (el de20 RA\) ctlmsmmnreqanrmg rany additiondl irdepfier elenmnts.
infrared, W-Fi or Bluetooth TMtechnol ogy. In the
event of wreless technol ogy being used to transfer

The tra&%h?m&l{ ofSdAR8k S tgHﬁE Yeie g&&@rﬁ&%ﬁbﬁ $in BE Qch?!%H lefthdr¥y a physical

bet ween con nd actuator(s),
connectmo o5 swirglesso t@dmvliogye, tﬁmeesesp@:aﬂ@albi drougls ehctrit wiring, optic fiber

commuRL R PGROIFAR, LLANSTLL el Sy a0l T BEel Vol S oLy S3b8, 216 ovens of

wirelesd ﬁ&ﬁf&é@nbﬁﬁgﬂﬁécﬁﬁﬁﬁﬁﬁf& ﬂaﬁtor%'i@lamﬂéﬁf th@sensor(s) and controller
aut omaton capabl e of running at |east a software

and betpieery rcamr@lerpmk ecfudtanis)c ddis. negassarys b pevide thepd gridmlements with

sep R Ui R G 1 9, e

recel ved fromthe said or each sensor and transmtting
he processed data in the formof instructi ng signal s
The af%ﬂ%lttlopé%@naﬁléeraeﬁ thet pyesenty ueatioh SpmpEssny LAY rAmescomputer ox

| automat@ﬁ i€ of I?ﬁmﬁﬁ% Ut Ok §goi%iar@§ﬁr8@%& ?r h&x@gésfh%f éoiagns&ﬂ software

atel I nCrease or ecrea S1 on

| prograrrulil’cmnc&sing ablleis caPuldé of ebdiying thedsafidrsid ovgach sensor, processing

ocessj ng code, of .the s |d control |l er ,contai nsat
the said| qoizstecphPd drasmghe P gF 5 ﬁ%nmngi tpnpeitingfisgpragssed data in the

form of B&i’rﬂbtﬂ% & %&% FHAAEEt Bk selé?a?sogc?i%te the actuator

rogra corporates a aSIC a or|t

- or actuathrs bating themrmtaecmrb@)sm:easemrr@cmsb ﬂaeltmsiomoﬁthe unbonded cable.

Preferably, the said software or processing code of the said controller contains at least three sub-
programs, namely a Test Program, a Loading Program and an Unloading Program. The Test
Prograrmn incorporates a basic algorithm used to directly 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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cables, and in doing so, permt the performance of
cali bration and nmai ntenance tests. The 35 Loadi ng

r ncorporates an algorithmthat reflect
WO o egy that will be adopted SUBST%F%‘FJE‘%”’““""“

oo T, A BB SRR e ) o
UnloadpipRregiafromcaponaiss an dlgoriton tioh miflects tha dehirm gf the Botator to its resting

... Unl oadi P [ .at i t.h h
position Jp BE G (i XDy WA ik REOL RSP POIE S SR ng
position (to be used, for exanple, when the bridge

deck prestressing is applied). 5 As nentioned above,
As menijooed absye] wion gedehdng the insyrctingsigialhom the eanitoller, the movement of
control Ler,, the novepent, of ..the actuator,or actuator
the actiilis BF arBRLE, SROUARE THETIdcrrAg ot crarl BBt B pduator or
actuatoRCIoUBIPY apecifié til@hffySoft RiréP BhYoRitS Repbdtive difdcBBS] Therefore, the
of force and/or its respective direction, Therefore,
actuator heactuaonsds/ene responsibigalon aliering the densionnsiibe ynkorded cable or cables
and thug lﬁl‘g]el{s iy tﬂg%%ﬁix??s%otﬁ]t Ialgﬁaglg Fﬁ%‘g‘g%gggg 8‘?3?’%2@%‘1& %? lth%?;e skilled in
the art, $Kd i6lebdetor dBereideldf theieBlIVh 0 thetcable REBARSKI bk 86l atddrdce with the

the art, the increase or decrease of the tension of )
necessityhef conpleracting tresintstnad foreey gengeasesk inhe strygheng kyhige external actions.

' [ t ' r .
i the AERET SRl FRUEBPIBY sHer 08 B B 500 Sy b tensonsd
or relaxet it DRise enindepentifilyeoiaich gthwRr Fhis Hemacteristic @bhisies thoerestressing
tension of _the said cables my be tensioned or
to be adyysteshin gpecific parts of thermuR §EPEREent | y of each other. This
characteristic enables the prestressing to be
adjusted in specific parts of the main structure. 15
In anothen leam Gtvioered leedhedizend of the irembtoh, tencontrblletheay he @ htinem pperator in

conto SN Sl oM 2REHE e b Sl 1 i

embodiReht! MeOhurdn Skl Rbsived the dAtStrarRiRAH FBM the s J3HERbr sensors
operator receives the data transmtted fromthe said

and integrmisat Depersiingsa the readingsrthe hpmet opérator theponemeigs the merement of
the actof B8 bt ABnerh B oy R nREleE hF s el BRAS o i mao serotore. s

semi-autdmdtRdati@staeht! ofefhdl preftfedéihf On ftBE GRECOR Ishﬁssﬂ?i'd@ise than the fully
structure. Thi sem -aut omati ¢ adj ustnent of the

S
automatis eesirobles fnchhenge tlers sefer ansk weliableslt|adsoscalis dor 8 humearpnerador to be

| | ti r
permangrfl; oy M E R cligbt o Bl b EHEG 17 B} faff everat hours,
for exandsie,HuRaR the/copomte fillihy 00a biégeddckat or or actuators
al.‘g{ﬁlri ng periods of tine that reach several hours, for
exanpl e, during the concrete filling of a bridge deck.

It shoulfg1 ?ls& be ﬁﬁ‘{ég %’t geﬁe%ﬁt YL Gl oo %ﬁlﬁﬁé&%@?éﬁgﬁéﬁ@df‘ﬁ?&-exisﬁng

S0 €O e equipping o

~ gantriesgeith a1 etomatidadinstingtppestiessingchistemd. i This methstiieadiiagd by equipping

e e et e 5 oL sir o bE Rl Rpined shove
system of the invention nmentioned above.

The great advantage of the present invention is that it provides the possibility to apply large

amount of prestressing without implying undesirable deformations in the main structure when

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)




10

15

20

25

.30

35

30 The great advantage of the present invention is
that it provides the possibility to apply |arge

prestressing without inplying undesirable
W@%@?‘h&ﬁ%ons in the main styucture when ext é’lCirTg’rTz"”“m“”““
A s 305 06 SRR 1S el i dcfcions, becmse

art
adjustiny qaéstessig rompehdntest the tmainododdogdi Ahayphl ipestire¢she introduces
mai n strucfure would break " si e own". Besides .
compregion StespRs, fﬂré%eewq TROROR St E@pfew-r g@%ﬂ% TEofReYts AR thy main structure

are subStEHHAEL! 9§hc\lal%ﬂﬂfs ?éc}dcﬁ%%%ﬁrd SR3ses i thednr Sriddlfe mERbds. Thus
? 28 2004/109018 PCI/ PT2004/ 000011 5 A gantry
the struviurhl elementa dieckitrisngay bessigufsintly tdiuced gryvidingue eanch lighter and
. m.d-span defl ections, because adjusting prestressing
functionsl gaRE ot es the nain | oadi ng. Al t hough prestressing
i ntroduces conpression stresses, for the sane reason
stated before, flexural noments on the main structure .
Additiogally, $hegansuytis alsb peormmicdly mhreseificignichanythewreseninprior art because it

peomits 3. 06 e of B bt 5 Y SRSK o S e Specitcntion, o
gantry WEK HEBHalé a¥justhble pestibssing dadteQise@itmanyumotd Suations than prior art

_gantry. Additionally, the gant r%/ is al so economcally
gantriesdnectoeits adapsatilityHare faregrpaters sumbesrafdpad leveh eanges €orj gpan ranges)

. perm.ts_f re.reuse o [ ngle gantry. As will be
withoutzs %S%bs{gﬁﬁﬁg@gg%éﬁ?}%pé%ﬁcati on, a 10 gantry

wi th automatic adjustable prestressing can be used in
nmore situations than prior art gantries due to

many ! I .
Anothey gecah gdyaniage| 5t fiat Breastrugiurgh bafiestoun @hieF 23Rty dadindey gpntinuous
monﬁoﬁxf%&ﬁsdaglgfroﬁ? A FRREES o télﬂsggﬁg’ H%us@@ gy'egde SR iinediately

AT L1 ONAT el ATor cement s ot'her great advantage is
counterddtal dnbieresdlvad.t Wsakedmaliacyoin tof bd happliaht especiallyimelgh - electronic

continuous 15 popitqQring.and ngerous def ormati.ons
componspfmaﬁg%%glee%@éféﬂdwfx‘éx FP&IO?S% SPiANY conpoRFafths Eanfry safety
isnot aff eracted and resol ved. As redundancy is to be

appl i ed, especially with, electronic conponents and
some nmechani cal devices, incases of failure of any

nponent, .the gantry safety. .is t affected. ,20 It, ..

ieshould S PR et s s Ratesiae ey ki e B B oyt b ytiqdyotion of a
set of salB8&hiMBHBAN T QRInSThE strlictiitehbt WAllOshnetekR0 thef infernd €brced generated

self-equilibrating forces on the structure that wll
in the staustine by agternehections.er nal forces generated in the

structure by external actions. Brief Description of
: the Drawings 25 Fig. | shows a sinplified side view
Brief Dé¥cripfiof 9l A DRRYingé the present invention, in which it

is possible to see the main elenents that constitute

the invention;

" 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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Fig. 2 is a schematic plant of the enbodi mrent of the
gantry of Fig. 1; 30 Fig. 3 shows an end of an

ngﬁ(ﬁ@ﬂgg cabl e anchored to the nain structure usin

& that is passivel/non-movable; Fig. ¥ o011
f

Fig. 6 Q%b“% ?df’a £ of 'y ﬁ&ggg @%Rinwﬁ)tﬁ?&feﬁg c§8{:&$alg%’éﬂg1 Pf the present

ruc USI ng an anc

inventiéiye to a hydraulic jack pl aced in between; Fig. 5
hows m of a possi bl e automatic

a schematic flow diagra
Fig. 7 Sgw aélﬁnpékf@éé@gessntaﬁmO%h@g wreulicsirquily ent i on;
Fig. 8§ %ﬁg&%%%ﬁo c[,icw :;Jelu w6t gvﬂﬁgaogr%g&gxgﬂégin 8 g{essure transducer is

introdugeds si bl e 1 npl enent at i on of the control aI gorithm of
) he presen |nvent|o 7 .shows a sinp ied .
Fig. 9 Sfl%‘pssr Suahife represeraton W&Kﬁ%&fiwe EFIISEHng, St @nJ deviglionesaddie;
SRNE b
Fig. maspr eséﬁ%ﬁﬁ%ﬁsﬁ%ﬁ@?g& rbfoa{nr?ﬁlreg déﬂﬁ gﬁh@%%ft Svﬁlﬁé?a@dlé‘ strut and
deviafioni sapdle Sy sein (mprabdebyt mtdton).of an ext endabl e connecti ng

strut and deviation saddle; Fig. 10 shows a
sinplified representation of another enbodi nent of a

BestMH&’é’ﬂQ'@ar?&ifn% ﬂelxgv%gnhﬁﬁ' on saddl e system (novabl e by
0 Be

rotatto st Mbde for Carrying Qut the Invention
A detail ed description of the |nvent|on WI|| now
Ki n ef.erence t a ferre .
A detail g oERtrRen 38 8 HEVRRER, Wi SeRailsho aRking) BT hie" o o paricutar

preferred @peHddRhéM ranefthé H@w@qﬁembd aBoh. e déécﬁwueﬁ%fah@ embodiment
only by way of exggp and shoul d not be interpreted

and the geawings are aglytbiyevay p@éamnls, a1d shheldinet bairitespretes asdimitiag the scope
of the iy B e UREP AR LAIRy Ml 0 Teference to flg. 1,

rovi ry Conpr|3|ng a main structure
(1) constltuted by tmo outer sections and one n1dd|e

tion. The two outer sections, which are neant tgq
Making geferenps ko 2. Ta dieens PP aganityfomprisinga mainsEpgite (1) ganstituted

by two goiﬂf‘er %&84 ﬁ%ﬂe% de{fé' g&tﬂ)ﬁ # e{woe gut% sg&mﬁg pvQ'Rich are meant to
ormvork an e

oad| ngs. mal n S ructure

facilitat¢ laneskidg k;m:xcegs, ramhalovm acheight ﬂmmﬂlte middeesiijon svhmli mrmtended fo
The | ocatigon of th

support -, ha{( ghé@%@péxeﬁd ! Tnllegn ts%tgrgps a fryssed box ginder S0 as to assume
a design! 5%91’15&' tgliﬁat\’iﬁ&aﬁﬁteﬁ?ﬁ !ﬁﬁCP NGheideatiod bt MO Sgﬁﬂ% Bte ddFR%H B8k a typical _

the sane | engt structure's span, starts at a
construtmesteahmqua)fwlnmo eathi omteeity {lllibg cbgmem, dpengfthematieelength of the

structure S (sjgatn, REH 0{ d?sftancg ’ ?‘éﬁ&g}snnfa gm?l% of t?he span from the front support of

pl‘EVlOl.lS segiment.

The main structure (1) is equipped with two external cables (5), one on each longimdjﬁal 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 (i4) 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 lJaunching
process (see Fig. 10).
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The main structure (1) is equipped with two external
cables (5), one on each | ongitudinal side of the said

Wg&éﬁg‘z@%{}g The cabl es nust, for obvi ous reas%%sﬂmjggwmwon

and may be eit her strands or
; T .
Each eﬁff‘gits l!trol't% E% A ) %éf‘urﬁl‘ fd g%gieﬁﬁlgﬁﬁ% g@ %@?ﬁ%ﬂ&‘@f ol dhchorages.
The ﬁrsitelnds of)bmthrextarmal salhlest (5@3& sedired exthenhain strﬁqtmefbyeaems of fixed or

“passivEpip Al Shborases BiretinbieBuied; s e Rrates s palmIacd of prio et

neor G5 ASSEHS) 08, o6 TS 06 S (9 By Yl o e

structussl(ﬂ])gj e oppositetdnds of bt lsaid cablps @jc&r@aimhemtd) cmoneableeahchorage of
0,the said main structure (1). Said' connecting
thepres;p}wgnt)(oi%) are preferably retractable (by rotation)
or extendable, in order to facilitate | aunching
process (see Fig. 10). 35 SUBSTI TUTE SHEET (RULE 26)
Reportipgie figureih gha mopsaM@MMG) o0 delpresentamhodimeniofonises of a prior

et anclfeRnt 0o B B 4 el e FPBoRigil S gt ook 23

Said hyﬁi@i.lﬁé Rtk i¢ aRbew 4 @en@!h&e&@[@ﬁ Rl (17) e i FirRasdntly Coticeted to the

means of fixed or passive" prior art anchorages.
mamsm?é'ﬂ’é?(ll)ng to figure 3, these anchorages are conprised
of prior art anchorages heads (16) that are fixed to
strength plates (15) permanently connected to the main

It shoull Wetsirassed tieat (@ yariefine ofiEp @Bibbdinmntksare poiilile fonexhngAg)|{BS reaction
e attached tg a noveabl e anchorage of the

5
platc (1) EQA b FaAUDGRLRGIEE ERSRIcAT g, Fismaihe cRbies bfhe middle
secnon,ad?qpﬁfqu}?rt)ﬁ%g r?tg E%Drlga% g %ﬁﬁﬁl é@ ?%%Ff Iﬁgtﬂ?tlf)%(ségéy glfugﬁt pass through

them@ﬂbr&nmlmmbﬂmderéﬂﬁ) attached to one hydraulic jack
(23). 10 Said hydraulic jack is fixed to a strength
reaction plate (17) that is permanently connected to

The movBSent"S¥ ﬁeﬁig{d@ﬂ% éﬁcbkg % 2ng r#istén? ik Hl%‘ly %r@o%%qgr LiBAkn@r strokes,

variety of S are poss
pushingeptederf1 & and He aneharegeimad (] Btasvag fidm thowhain Mawdure §t) has the effect of

oo LR b TR RN U b o
strucutré. S(Jtﬁﬁf@%blyt @het Bééﬁﬁ@oﬂhe Pelts! @Isaraﬁad etdaﬁcyrage EEEd @&$ Sowards the
rou them (prior art hollow cilinders).
main StWﬁWéﬂ‘rgﬂt worldt e Wi efdient iof rplaxsieg @f(th@):atpiﬁa@ﬁbm o€ phengaptry and
I d
thoroforf Sl B ELATE N tfing 85 pikiec T8 e SpblEbs A hydrauti

jack’s (ZS’D)plﬁtaﬁ i§ Behievddept a OlvdradBc tRagt aid B@rgﬁ @tlxppija kl@t@ﬁll be discussed
e |ev

les of the gantry and increasin
Further gl ﬁl@s@eﬁw of thp @orge msmu@ Secampved Daithe Bydseatic jack (23) on the

e SERAAE W ASAE e .8 el ARl S, B RS, SRR it e
processedf sigrﬁ:llﬁtﬁc&ge@fﬁohh ﬂle(mhtrelltﬁr thesdbiad siphals beingainttuy basdd upon the

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

anchorages are designed to enable the cables fo 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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therefore reducing the level of prestressing in the
structure. The novenment of the hydraulic jack's (23)

ngﬁ&@&#gaachl eved by a hydraulic circuit an%&ﬂﬁé&/ﬂﬂﬂml

t will be discussed 25 further belo
sn'uctuieﬁtﬁni‘hf%gﬁf thlé"&ctfoﬁ,r AR LR capRLkd t@ %@Qﬁ{/iaﬁgn Qﬁd&@ 93 tensioned

hydraulicjack (23)"on the plate (18), related
brmgmgraéaonnmb grcrepke sm ﬂwl@sstmm oédlekﬁ}nmhlee pInihlsn:asel ’élel anmator would

essed signals received from
mcreaSFﬁ(érc ?%Fﬁ\{%]pqy?ﬂgg APB-si gnal s being in turn based

_upon the nmeasurenments of the sensor or sensors. It
' shoul d be noted that both noveabl e and passive
The hydrieho cligiit obithe agbsiogment besiniaip dhatirepresepieddn fig. GeSaid hydraulic

cincuit GEIGER 4 BAGUR oPSH G B RRgr-lke Satpidg 1y gommected o some

directiofhl PARet 2! S)Smer;@és@ﬁr'e Menitifg Vhiges @59 and BeeseARE @0). Mhe directional
and reIaX|ng of "the sai d unbonded cables (5) can also

valves (7d) amnetweucme@th@ threpghrreme pipesertiabai«B) to the hydrgulic fck or jacks
. ThY B I 4B Pt GRS EFl R promots e

flow of%ﬂhﬁ@irﬂﬂiﬁﬂm& hﬁthe iR (8)"Bhednstadctind ¢ighyld by |plrc§1nd)ta¢lh’e movement of
pi.ston forces the corresp ondln% devi ation saddl e, (14)

the dlff&umalﬂf g5 (0 inender teeitsstherdrrectiopmtthe fpyvoisgh onrsimpial fluid. The
design %1%9 ﬂsgaglgﬁﬁ oF el E)Tcﬁ'gtﬁ%/ sg/gtggb% mideSidclfdidl fo &Jxﬁmon techniques and

I's action, e connected
using kdewi aidhnﬂlogﬁ ddéqnatesfot ﬂnsubjmﬁde Ihntheereny ofamorﬁ tham one actuator (e.g

more thaf 65 P 8 SREBIOC R i Gystern s Fapted aggngtingly. i3 cbsBatial tha
the coxrﬂa%h%'&h Iolf ?Hﬁéuﬂ& cibifit aiﬁ'j@ck% 'dHE}mt act i &n RY L@y a nﬁg (Ejﬁ)diﬂkr}ér for this

uator may be“simlar to that represent _
could ct)mgronﬁse Bai idtelgritir dj:he struatireclibe saidholotetas peeferpbiyaanl dleciric motor,

20) and th ctive nmotor (21), connected to
amloug'gé‘)’%rgﬁtf%@{“??)% y@g gs (22), sone pressure limiting
val ves (25). and a reservoir (24). The directional

val ves (22) are in turn connected through sone pipes
The reqwemmteﬂla(Lydlwdlctsyetemmbavecarpack or jacks (23). The

instructing signals fromthe controller activate the

electric motor (21) that promotes the 10 flow of oil

(i) Or nSdxinhiy forbeibl ehéh hytRaliciask euals THeCprefifdsiibg tfoddg that it has to
signals also pronote the novenent of the directional

vaIPP@BJCQZ) in order to alter the direction of the
£l DU ' . .
(@) ; i ng w?t {3)%18% 5%' H@Léélfl‘élg{roéﬂt’fo?{:esgtgﬁg et%ellﬁé gsﬁ:g%ﬂglgcof thg cables that

to pmﬂmanhet ewixithoyd qiestesking foreg plusohe coasd metessyty to compensate
adequate_ for th? objective. In the, event of ret

onETSHEFREIPSFP a??é‘?"éucﬁlﬁ%lﬁm&?f’et% Tagijitate thp ga %%%a?m ing;

th t
5 A 915\ LIS RiS flt pob 9ty e s

andqiizd ok mfehmontotthmﬁrespmndmgéw:hgpamﬂdy rapi d manner

for this d conpromse th grity of the ) )
(V) st FIfIpTR, V§?Fé tysefi e petiost 15 glcgrféﬂe W Ak dfwamis amplification

MER%or) dBbiPPHHy W §stedPL iRISHIRGS- SH-Blla¥iof W HABWE 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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The requirenents that hydraulic system nust have are:
20 (i) maxi mum force on each hydraulic jack equals the

wBhbRlfhssis! N9 force that it has to produce; (Ij(%l)énzommooon
maxi num-cour se of each pistpn corresponds to 't

behavidr o kG ndfh Shuchhé gﬁ?‘F’d S%r{]f&%d ciibRRNER, AR ST e (1) is fitted
prestressing force ‘plus“the course necessary to
with a sempeprsterably R6atod dis bn esminegr thessid-sphw of thedowst nuder iswface of the

s sERHES Tt RSS! oh ok ook i PASETR Rl o potte in

controlfc8 SRS LWRRR MARIPANIW & S¥SUR BxitdhsioBAMBhticHs, lf Ribs@bedtd tension
the correspondi ng | oadi ng period; (iv) naxinmum

variatiops| Bl myinoﬁ’trqc’_we? gl)st_n@}n be slsoyvbierabbt eqqi@pe_d Wwitle auressure transducer

peced SCHAETS B 1R NS whB8 S FBE eyl anc tertoe

altimeté Padatiord of RIS RRPorBNG th Feare 8,2hidMOkdetly ;_ﬂﬁ%ﬁlé)measurement strategy
problenms; (v) mninumpressure in each piston is such

based opfibg stplicpigssiehdifisersce betwgen thet fiuid davelin aBwddeseprair (28} Jpcated at

Cfeli . 5 _ hA
» i Do R By Y o R bR Sl 3506 tocaed
at mid-geaafithe huabldue girtier (135wilRatflekilé flukblihe ¥ hiidroshnestion (27). Any
s al so equi pped at | east one sensor for npnitoring the

deformagion f: ifig Fnain stypstreTigTReasHE S (RPISESUNS Y anjgtiopomy IbEgespyre sensor.

. P ' . o t
rois v TSR QLAY gl IRNAS 5 L A, B LRI ggments o
compressiorf plich@fienardd the atragaeor preferably located in an area

near the m d-span of the | ower under surface of the
said structure (1). This sensor is, for exanple, an
t the fordeBts Sfinternal fi
Nt HBIRORE ol Ul et AL el 0 9Bl il s
acting upan itlet mainsstrucince €l bed henetd gledrenpictune &f tharstractimh behavinerr at any

P T R S E R
truss el&B&HS ﬁnd"fl{ecﬁydf@ﬂlcdjal@@;pﬁdn’ﬁ REsINBRA S HRDbP mdAhe S5 WEVDT sensor.

and therefore altinetric variations of 1evel. .
Howevere pot néglecting fadyudascy, thehsystens bgcaragsy sigiphgs| ¥ only one measure is

. asuyrenent strat .. based on.,the stat r € 1
considaf{ 35 MR s RblolafiBiinuty PR coPhatalfoef it f GEBAES which can e
installed &5 @hd/ Gelghb@@hodd)Calrfde afr inferifok Xofdthp Odlermemy off ik gantry or even

exanpl e, over one colum) and an adequate pressure,
externally; gyesiatioa to (themajn stsucage 1), are ﬁangblé;fgrrpreﬂuqnﬁedafa which would be

A id L oxi L L i _
snt o EUEBIBLBE BR0uds e XL Bl o, ony
provide sddunddniey EThescuiRaboutpat sisaboliael setiser ivastitalte inld Aetound énmunity to
pressure sensor. This value iis only affected by ]
thermal yanations pndlpelramegnetin dields, ssredaby inj Gpaesywharg thertginsducer is located

several (%S BERER rdway @SR ESSntBnghenonena on the structure.

~ As mentioned above, the confroller (6) of the present invention comprises at least a computer or

automaton (for example a PL.C) that comprises a computer software program or processing code.
This computer software comprises a reception phase of data from the said sensor or sensors (2);
a processing phase 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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15 Naturally, the greater nunber of sensors the
greater perception of the external and internal forces

Wﬁ%éﬂggﬂgon the main structure (1) and hence P%Tﬁlﬁﬁ'dh%oon
piC

icture of the structural havi our at any given

The debdlBRnedtF (HRBIRIoBiputdr KB gﬁ%rﬁﬁ\b@ FRERMESOHL i @R according to
extensoneters attached to several 1iruss €lenents and

well kndven byropuiingi techinigiies,pinst bingeagp asinpabic weth fheewbniputerecrnantomaton
f a LVDT.sensor. However, not neglecting redundan

used. "The.Shuprase of PSRt} irauai R REpossing pds L robrioide pirolsigfebies for the

automa6ie B&hiele 0f thel AjusRBle PRk e PRy §Rtenal gOri thm The

conpl ement ary sensor or sensors, which can be
installed in the nei ghbourhood, surface or interior of

t el enment.s, of .the gantry or even xkerpally in

in genche] Rerfisc s Teiothife Opirbh e Hlea®y i vEHASHEE LY o' o
produci ng data which would be sent to the controller
ei ther through physjical connection_ or through wreless

£} anshPRiEl o fensions of ball spae aferiorseefipad serispl sqaiientur r ent
t ' I take int t
B nc Pl eniP RO SRR, 0 %1 Bt ormgnet i ¢

fields, especially in cases where the transducer is

| ocated . several .tenths of ters away, fromthe . .
Thcopirolettratogy ¢ leveiRes tmpales e % HAANG gopitipg,) sigyilar to the
classic {1Eofl TR TN dollly SOIOAS She B BRAK 12 EATRH ibrefiles on the
control cectjont dre kafravlir polfs gigtamadvanpesor pesiclined sideke (nBWidhaway from
... _conput software conprises a rec i,on phase, of . daf a .
i, SRR (16 i8a ke SERECIIG SN <BF St Opy BEegibpnfanth If traction
decreastd) ¥8EhY RIIRT|0LS 813) Feitddfs H BleleiSlRAIORE BippRACAIE b bitn structure)
sai d sensor "or sensors (2); and a transim ssion phase
(1) i.e. presiressing fmeastarmepdneral. pr ocessed data or instructing
signals to an actuator or actuators. It should be
noted that the distance between the said sensor or
The algS@MaLAECiF HOde ISNBustatddtih tid BapH 60 fig. $. Mis Agorithm can also be put
] limtative feature. 35 SUBSTI E SHEET (RULE 26) WO ‘
into the Foliying gpilgnpEralgpdil 000011 10 The devel opnent of
the said conputer software program or processing code
is done according to well known conputing techniques,

A S ATIRASTCHOTREL it A the comper rpe |
o5 IOPFEL], (Q)0fle, kT30-pAQvi de contzeol 8 geghestlor

alﬁiomati c contfol of the adjustabl € Prestriessing

O 5B oG, §Q) - nensEd; €ehps, one of=t held gl Bvikdig—1
control strategies will be adopted: a) Control of .
tensions of half span inferior section (control Equation (1)
) ., section); b) Control of the gantry m d-span
in whiclyef | ection 10 '

.Osei (G) is the stress at the relevant fibre in control cross section i due to
dead loading;
0'sei (Q) is the stress at the relevani fibre in confrol cross section i due to live
loading at instant {;
. E):A is the siress increment at the relevant fibre in control cross section i
el produced in one hydraulic jack stroke;
HIC; € HCrrar are the number of strokes advanced at instants { and t+At.
ne, x 55{;_ 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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The control strategy (a) devel oped translates into a
Si rrple algorithm simlar to the classic "on-off".
for a gantry with only one actuat '
Er ac ll%g(#él ncreases on the ontrol section, q‘rr?'é”‘l‘f’“&“rb%“"“
hydraulic jack's piston advances .a predefltn d stroke
Asi € A novi ngAra R COMPEIFIORHIaRSIE @Rd e aclvity pajgino
pr est r exskustapld ysicmdtheseangrig $tfdse1¢ve1®ﬂlat ﬁ@kethﬁ;espnmd
i f tracpbducekignelsgr eases, the hydraulic jack's (23)
retracts a predefined stroke (approaching to main
structure) (1) i.e. prestressing forces are reduced.
The addiﬁﬁm%f@ﬁ& nddrarafqﬁg%ﬁfﬁnb SKbrAP BY SolioSwell Ibly Uidabide@ B FiRinpRE the control’s
gr aph of is algorithmcan al so be put "into .
settings iherdeslto awngglsmﬂmerratl cal equation: 20 Aai
<6Sci (CT) +6scl1l\ QJ+net x6Sci < j . nct+At = net
6Sci (G +6Sci (Q +nc X6Sci > Al = nct+At = net +1

Typicalyp €ie 1ohdiage bf Gntdaclakd phieeivesy Aaiwly; fbﬂbx‘aﬁlple thetonctete filling of
Equati on (1) 25 in which, 6sci (G is_the stress

structurgs sudheasy fdge sleekstqap ke yevershbews. Bhusdtisspasticilaly eagydo avoid the
s Sog SRR T, . U5 4590 Bl f ot

is seveﬂaDlﬁﬂﬂem gangfr ﬁélﬂ@ tieatiral vibratibe petiod 6B the meaie Is'eutttuat (1). I’I‘éevertheless
rel evant_fi br control cro cti
the dyngrier %e}tsfeatl%ﬁeﬁﬂi @4'1‘? déiwulgt"?%ﬁféhe ﬁélﬂ%ﬂ% gongifjon:

are the nunber of strokes advanced at instants t and
t+At. nc, x 6s t is the stress at the relevant fibre :
in control crogs—géction due n of the
aut o- adj ust abl m&i é%mfnéESmﬁﬂ SUBSTI TUTE
SHEET (RULE 26) WO 2004/109018 PCT/ PT2004/ 000011 11
A, i e Ae, are the conpression nmargin and the acti vi Bguation (2)
margin of the adjustable system (these are the stress
| evel s that make the sensors produce signals); The

In whlcadbmm esants thet fagter of dyenasfic amgbficatiom IBW@WS dgeing ghel exglitgive action

neasur es of e contr settings in

of the ogifBF 5% 8 <5 4 APEIRPIS S BRBERI Ty The | oadi ngs

of -gantries take place very slowy, for exanple the

concrete filling of ]
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 error on

the extensometer readings (61) 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

(62) (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).

[

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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structures such as bridge decks can take several
hours. Thus it is particularly easy to avoid the

' nplification effect. All that is ne [
W%ﬁ%ﬁ?l@ that the tinme perjod of each Strokgl)%sr?@z}fouo%oou
several tinmes |longer than the natural vibration period

of the main structure (1). Nevertheless, the dynamc
At the sampl tivhe, (t&fodinw'signqhatidmeshquidrbleimﬁﬁ@ﬂ and shoul d veri fy
thefollovmng condltlon 10 | -a < | Aar
-ZISi | Equgg @*@7 d Z: tsents t he factor
of dynamic a‘?Fb i cat1u d‘Zl ing the excl usive
action 15 of the actuator on a course and rtj Eauation (3
represents each uncertainty j. Dynanic problens mayZduation(3)
i al so be avoi ded using software filters, for exanple,
' neglecting data significantly different from average
The fulfdhestsof this equation ensnws tippin et absencefoftlnad, ithe epstérarreturns to its
t he. fundanmental uncertainties to consider are: the
orignal OB ance of tension on the control section due to an
extension equal to the maxi numerror on the
ext ensonet er readings (51) and the difference of
The contteod s¢ttingofixing is malettiydhe igweie to the maxi num
error of positioning of hydraulic jack's (23) piston
during a basic trajectory novenent (52) (this |ast
one has THa int@&del oSRYabRlonUe &dohftbNédetitn iNpidhedt Be the actuator
ones related with the material 25 features of the
mai n st dudhgaeiftd) swole T4l ieslefifsd int fongiosrofl the skerteshdourse that
construction errors). Even if the nentioned error's

quant i f ithfahli’cbﬂllicsja@ (28n iy Qa,pal@ln of making with acaeatablgeeision (if the

tffgteer ngl(g 15 I 882 &'{ﬁgh %ﬁfo ﬁé‘g o ﬁ%%@ﬁ%%ﬂhe%gsﬁessing

experi ”Emlﬁidf&re%@ﬁrhj fnd §db@ec[ueﬁ@ﬁ¢h¢ vepactivel ensitur vapigtion on the
the cali bratl on process 30.In this type of

appl i cattPBiel sestipads alpe defineddsi vel y long duration of

| oadi ng, the response delays are, in general,

di sregarded. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 109018

PCT/ PT2 @44 GRA0dane s2kdiiwit hmd $1mmmicrfethe tuneerfabities it rdso known
equat i on_shoul d be verified: @ -Aai, <lascil-Elg

Equat i offupghjon of theeselagred ¢W@%f@ﬂﬁn§fe€%}%%ﬁaﬂ determine A,
ensures that in,the absence of |oad, the system

r et ur ns YFi9E FALatE-3 gi nal positi on.

- The value of a is previously 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) refracts a predefined stroke (approaching to main structure (1) i.e.

presiressing forces are reduced. This second strategy (b) is simpler to be applied than control
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The control settings fixing is made by the foll ow ng
way: 10 - The increase of tension on the control

[ , produced by the actuator during i
Wégﬁt}é‘@%l defined in functipn of the shortes?cg‘g)fftﬁ’g /000011
tegy(BPAnd &5t BtRfREkd fochshend [Whe?@ R8s fis [RideMO This strate

straegyvgﬂh accept abl e preci y{gn (i'fa.g he strgke ilss kno%, e
may be miathematisallyoptied thoough equstives sihiilagtoofquetien Labl es, the

prestressing 15 is therefore known, and subsequently,

the respective tension variation on the control
This proe&irs @ he%il?'b‘é QehtBh1iA8 $0r, gARER WillpfnoMAthiie ohSadtiRAY TAB Glanning

the sumof the uncertainties is also known (function
of more gfbusherategiescis eude curisiskering fastars Hise theivedysthe censeete fifling is made, or

determ ne Agq 20 using Equati. .- Jhe.value of ais
the consbcfega%o&?gwn %ﬁ%ﬁw%‘%%ﬁ@ E? ?T%r&e flﬁc%g'ugh trial; -
Finally, A ; is fixed attending to Equation 2. 25 The

control strategy (b) can be determ ned by an al gorithm
The confrali beprd tis dusienedfacgeriiing) o CREMNa dechnigpes, aiigpdipg) to each case

r . .
peteren8 L2854, B oL N5 6, SRR, UE DTSR, 31 s of i
interfaceBaiecalninpl bbad i paeferably Mobdted amlihe gaerya(l)urbothe adudttreand the

.m d-span defl ection overcones a predefined value, the
hydraulig pamgdPdk j ack' s pi ston advances a predefined stroke
(rmoving away from 30 main structure (1) i.e. the
prestressing forces are anplified. On the other hand,
As will bef eviidemt 09 all thosnskiltbafih et ficld, the esntmies tharsgstermmay aiso be doneina

. predefined valye (the main girder m d-span section is. .
semi-avtopigc Fa3gRes n Wit PR BEplaEey gl?) Wiespalicqopingl uit. Tn this
Scenariofﬂlgféeévbﬁﬁdeﬁstt O Bple BRIRErRAGE U Shat gwﬁﬂ’d Borittol Wed WY Ralfb) circuit and

e. prestressing forces are reduced. This second
hydraulis jacks,emynelib jhei istesitypind rditeotitye ofifyptdsdd belagplies dihe divman operator

would regé%gr T&Lnﬁl yngg'g %ﬁs@%@%%ﬁ%{&,&%%ﬁ ggr}::go% (ﬂ,lrface, interior and/or
external §ER#Ioh S tHeQnAif SRhctiB SRRARBAhEMNRA Sndn 115 5181 which jack or jacks
| ocated). This strate may be mat hematically stated

should takRaetiofh sed alio tsndirestion Mgt 1ovel of dbatréen. 1This pnatautomatio system is

proce €,.C eas | e [ I ntri it
prone 107 RBR° RGN AT st GRIER, WERLe BRI il another
feasible @hb@limghtes theinfad@nconsi dering factors |ike the way
the concrete filling is made, or the consideration of
non-symmetric |oadings e.g. bridge curve decks: The
In order S ieeBORith bEadiFi GRS B3RVt okeY, B3RP fom one span o

another, e dnost|imporyntkie atteid taterthib Yurmbantityofeqpindherist Fon shispurpose,

) nmeans of a digital )
certain e@zlnents of$ the gantry tgat protrude extensively past the contours of the structure are

designed to be movable, retractable or even removable. This is particularly important for the
connecting struts (13), the deviation saddles (14) and cables (5). Several solutions may be

- designed to achieve this objective, depending on each launching caracterisctics. In one possible

embodiment, the invention is provided with rotational 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 conamon fo

many modern prior art gantries.
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10 interface. The control board is preferably | ocated

in the gantry (1) near the actuator and the hydraulic
As will be evident to all those ski '

lﬁmﬂ%gqq% the control of ge system may al sﬁ’daqug%dﬁ@{mn

in a sem-automatic rranner in which a human oper at or

repl aces the automatic control unit. Inthis 15
Accordimgen arnayral Hesign featukad, Emfsncemests fBDenay brassémblodan the proximity

t hat. woul d contrql circ n ra
ofthe afc3AELL HSHOTAGER D thh RBRLHESydreog EpRE i A (1) pBopfected t
the mai®Sr@RRki(ed. The human oper ator vvoul d receive the

readi ngs ‘of the sensors placed in the nei ghbourhood,
surface, interior and/or external in relation to the

The deva%ioglhs%}:lg chut a. ot erc@wﬁh émggk@n g &In%g% ?not%lgfs%n{egf {Ehthe contact

section Siithe@hé catile 3P daﬂi@,thﬁbt [bvitlb gingaitdoares fHeilstter and thus reduce eventual
sem -automatic systemis 20 prone to nore error than

high frigtipm forees yo endeviearevent fretingniaiiee r ubaiiicaied wheels apay he also used for
ﬂmtmﬂﬁ OVIdeS anot her feasible enbodi nent of the
mvention. In order for the gantry of the present
|nvent|on to be easily noved, for exanple from one
pan tqQ another, it is npst inportant to attend t

A safet:c arechamcal JREnHPmFYSiSR miy e @ﬁ%ﬂ%‘ﬂdqdo? ogthiosthy Lﬂcwa?é where two
r t f t
ot GRS LETHO S OaR i, WOl D0 et vt st
delay, tie$repating sctixgonmetratiion in cast vifdilald of any hythenlic esmopaishts.
This is particularly inportant for the connecting
struts (13), the deviation saddles (14) and cabl es
In the aulivehehR! oS %Eﬂu%% Bhe ba%dltﬁrﬁ&l' &&%ﬁoﬁ QaRedichY e installed in
I's objective, depending on each | aunchi ng
betweendthe direationslctalvsandlthe pisten rbhlssavbidmg pattodsing fnssest Hlee system is also

nventi gn rov w.th tlona truts,.,that are
preferabl €A EOW b IREBR BHCSSP SEFRIRET AR P s B emergency

signals 6%@&'&&3%&11%@%@1%@:% aado%trbﬁéébiﬂe@ beBvdevehiublly t fhk nflcbbi%fbhones of
devices (See Fig. 10). It is also foreseen that th

engineenyednd eperaions mnelo(:atyonb‘éu@hgmmee itoks abesi prgfesable Erodesigt @nd install an
urgens B4 SpoTBUPS] S e Bl a0 o o B ner

blackoutconmon to 35 many nodem prior art gantries.

SUBSTI TUTE SHEET (RULE 26) WO 2004/ 109018

PCT/ PT2004/ 000011 14 According to st ruct ur al design

: , §pmt fe-,f;ii
Dep end]jlg c;%;luér%‘e’ ﬁ ca§e gﬁ area % 6]%"%% Ror age gllav;déa for most
electronic@@ﬁipbﬁﬁﬂs mlafoe séhe clempnie of ﬂmmyﬂfauub Sll‘élﬁﬂ) are

connected to the main structure (1). 5 The devi ation
' saddl es may be designed with sorre sliding pieces (not

' ey £ rdaBE BBHANE Situatio

Certain %JOE%@% %g%sor%a\ﬁ gﬁlefb gﬁ)&gﬁad%: ur sg ?that er and §Situation,
such as tla perf@thanee @f anteriat of prehmmary 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
the actuator or actuators. The tests should be performed until the entire system is adequately
tuned. ' '
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high friction forces in order to prevent fretting

t'gHﬁ ubrificated wheel sismay be al so used

a0 puﬁggse. 10 A safety mechani cal retentio&kgbgFgﬁPmmu
may be al so provided close to &gipﬁiguator, where two

adj ustable nuts installed ont d struts
acconpany the piston's novenent with a slight delay,

1t NS ARk YR s égédéﬂ'h&fon{pgéée%géfi b%fgltg%sg vﬁ@ﬁt‘fﬁ%éﬁq %t .. slij:z[u%tures, said

of any hydraulic conponen
ci gaatrvicomprisihgg act uators, some additional retention

% es can be installed in between the directional
vgléglﬂgﬁaaf‘ﬁe pi ston thus avoi di ng prestressing
I %m.ongmgbmaggmé;s al so preferably equipped with

al agrms that detect security dangers. Aside fromthe
alediisanchorggeyion sgcuring gnalesd of saie sstagdad cabie foeths @il stricture and a

a r | pet .even eventual Ly .to.th bi | e )
pSEB BenS30 R oeBl 2 % BRI o 5 Pl i cable to the said
Fettdterenore, it is also preferable to design and
in@t all an 20 Urgent Power Supply (UPS) systemto
aS§9grAgterized Iy thatghese isprowiderl it daset anganmsop tmigcapaide gf measuring a
bRk @AY Varidd8R S0 : y rEance and
i Evpl ved T sk,%{]?lggﬁggﬂahﬁncs&ﬁcu@t% de‘é%‘? S bF e 5 migmpl forces of the
ﬁmm $tﬂﬁﬁ@6,®rqimn;c§in?gfacé oonvering sgidememﬁenm‘nltst o readable data
dic clrcuit. tain procedures are also
a%%@gt‘fi@gb%’@oﬂ% P Se£9PHGeh g ap estatprwhich gefs parmanently between
venidainaip stiutad dodaid BMERAIRATAbIRAIRREL BVAR/YhE t&ffjhoi of said unbonded
seri es of prelimnary and calibration tésts. ese
t@biesasearling fo; said opbipMernwadhathiat sdid denbicst fsuinbrensdd in response to

BROREEH] LG {4 liitd ons, -as . wel.l as eval uate .
conneg?ilgns, gre]lués lcfpﬁfgtgﬁs?lﬂ@%%ﬁ ,epgrraW?P&F\%énBﬁfSPonse to
tdeeressdd cading ordaeamnl foreRdftiid nfainghicarné.ng and

preci sion of 30 the actuator or actuators. The tests

shoul d be performed until the entire systemis

S5 S, SRR S S Sl v

- feormputse o putohmtcnocapeble oifi rannipg @t ésst #olpitdd gfogram or processing

éiB ducts and other structures, said gantry
%prisi ng: 5 a main structure; at |east one unbonded

~cable; a first anchorage for securing one end of said

unbonded cable to the said structure and a second
dh ERFRaReording toeddeim hgnd Re cloppoterised inthaothesmidlcomputer program

HPB%B%@ﬂg%%Eé % gagaﬁlg of %e%ldz%g 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.

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

linear or multi-linear layout.
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structure; 10 characterized in that there is provided

ne sensor unit capabl e of neasuring
%%)yiglgca%ﬂlg/ari ation in the said nain structure FETT2004/000011

i ndicative of loading or internal forces of the main
Bt Augdntrly accdrding! 8GN, Chh e $n PRAVERL (l3g 58! :
meaa}lfr enent s ]in%to readabl e dat a an(E prtg\élltt%#%& atﬂeasaud unbonded
daf2P'¢ ¥ Berewed s  deeteased iy the: said motmetor anaireduly 858 movement of the

nARORRt a6 UEER Ao TR s RHESE AR Al areptur

unbonded 15 cable according to said controller, such

lbh t_said tension is increased in response to

Incr oaCFgfgbnggJ gl nt, fe‘ibf?ﬁ‘\“’t‘?ré‘ieée@ tiatswiid| apmator is at least one
Stexteiibble st wiE %.rfﬁétséﬂ IJGHIO{I%:NS: g&ﬂ%@ﬁ&? to g,tesgil;g?a afag .sul:éj.orts the said

| oading or internal forces o mai n
A vharded caldle endlr mepond end minmovably chatested @5 b4i@ thaidstiubie.
the said controller is at |least a 20 conputer or
aut omat on capabl e of running at |east a conputer
Ihrlogaistry aucopliee €5 6lail 1 &A0R), cRaradteRPd i | i
, | ﬁrﬂt%ﬁ AB8 i) tﬁﬁf:gfegégﬂg 8{ gtrruts which

claiml d. 2, characterised at the sal
pPB@JPW%&M%‘%@I@é@tr%@blﬁcfaenovgblcdmbamlaﬁbn oeaditivg. t he
said data transmtted by .the said sensor and 25
calculating the intensity and/or direction of the

1% dr gratry ecdvediap pd cleiin bychabscterited 18 At orQach kdM8orSiR Idbated in the
Uﬁgglg)de cgbl e, 4. gantry, according to claim1, ]
 RORREhob@cort e Surfiee’ Shfotebinr of 6 clenibmisaat the gami smis axtermal to
ofhe ls8itl dhaik SRddhak! | ng manual ly a switch board connect ed
to the said at | east one actuator. 30 5. A gantry

according to claim1, characterised in that the said
to the

upb d : nbe Jnternal or external .
13,8 BRS GPRIE G81erifh o P ot n At sgidasangor s an

textemsarneted, pea3slurd traBRRESHE EVDTES ok ' i

cahl e has g 35 Iinear, or multi -I?}nggg%%i%ag%% N%%g%fﬁnometer,

SHptEpmeREerieppqr of simigpdswioel/ 109018 16 PCTI PT2004/ 000011

7. A gantry according to claiml1l, characterised in
that the tension of the said unbonded cable is

14.i4 gruins ectonding eo r egsefithe yprbde@ing a1 SinC et terd®ddin that said data
nt of the anchorage away or
S

resul t .of .the, nove

PSS by fhecsgiclon eneh gensoruse BN duritbcalonlation lithelsaidintensity and/or
diredtiohWrahs fdfes fb B | clLajemd ;
characterised 1n tEatg b lg%dgﬁ’g@% %g@gtr& i%ge %fie?%ﬁapsr?ssgwg, deflections,
eotatongadsifarmations, stesses ar 16adIsvelend renovabl y connect ed

to a saddl e that supports the said unbonded cable and

a second end renovably connected to said main
15. At gaatyiraeeording to any of the preceding claims, 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.

AMENDED SHEET (ARTICLE 19)




10 11. A gantry according to claim1 and 10,
ﬁ@@%@ﬁ@ﬁhhsed in that the strmut or struts mn'%QHﬂgymmmmmll

@y port said saddlﬁépare retractabl e or novabl'e; o

r gngﬁﬂgv ia5rPrging e chim dp charactenisedh in that dtcis seprblgyof providing support
ol ai ' . . : .

o oA oyl B2 bt RGBSR gl or oven
i nfoe pther meferiahstrueiveatelen®entsf t he gantry, or is external

to 15 the said main structure. 13. A gantry accordi ng

to claiml and 12, characterized in that said sensor

117 5A afeth@K f(ﬁﬂﬁ@ﬁ&ﬁlﬁra, prReRBGAY BartfyRRHA YCRHE ARjsihY prediressing system,
| aser sensor, a charge cell’ "an’inclinoneter, 8

pi pERaterized Wahabihe sid srawiging geniny & eqaippediwith typaslements of claim
according to any of the preceding clains,

characterized in that said data neasured 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 |east pressures,

defl ections, rotations, deformations, stresses or

| oad |l evels. 25 15. A gantry according to any of the
precedi ng clains, characterized in that the

transm ssion of said readabl e 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 conmunication, radio frequency, infrared,

WL- F1 or 30 BlueToot hTM technol ogy. AMENDED SHEET

(ARTI CLE 19) WD 2004/109018 17 PCT/ PT2004/ 000011 16. A
gantry according to claim1, characterised in that it

I's capabl e of providing support for formvork (in situ
casting structures) or for precast segnents, precast

girders, or even for other material structura

elements. 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

equi pped with the elenents of claim 1. AMENDED SHEET

(ARTI CLE 19)
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