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| NVENTI ON  The present invention falls within the scope of the production
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ot her type of tunnel. Mire precisely, the present invention relates to a
rib for supporting and reinforcing an excavation. The invention also
relates to a structure and to a method for supporting and reinforcing an
excavati on based on the use of one or rore ribs according to the present
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unpredictable behaviour of the ground is poorly tolerated by ribs with H-profiles
and even worse by those with double T profiles. To overcome this problem it is
customary to increase the dimensions of the profiles (in terms of resistant cross
section) when particularly difficult operating conditions are forecast. However, this



Anot her obj ect of the present invention is to provide a rib that can be
easily installed in proximty to the excavation and the el enents of which
can be easol2y1igepszected with limted times and costs. ApCumrban/ostzpect of
the present invention is to provide a rib for supporting and reinforcing
which is reliable and easy to manufacture at conpetitive costs. Another aim
of the present invention is to provide a structure and a nethod for

supporting and reinforcing an excavati ¢h through one or nore ribs according
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into the V?&IW)C;IM 8f ml%PéII%tlg)H%feth@rFﬁﬁttﬁe oyé?adtﬂfn%st%”éorﬂrfé‘ﬁ?’?ﬁé BofiiSs %&'é%lso

relative to a or support reinforcing an' excava
conpri si mgladmelyamfﬁmlrc ega|nt1ﬂiJeatrtb19dldn@|gu$ttdmeofﬂhe$emﬂs $ent|entofdilme plidfeeqr esent
[ i sor lative to a ortin and..rei.nforcin

i nventio a

oreavat | o i el i CorsiadalBhe B R of HE BlelselP ifienup T il i
first rilky rigcprslippbriify t4iR P&igRROhg éNeéﬁdaQQtlo@ﬂmléﬁ dliows mee tdi@rds@lber
cavities of the structural elenents of said first rib with concrete, at
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Another object of the present invention is to provide a rib that can be easily
installed in proximity to the excavation and the elements of which can be easily
connected with limited times and costs.
A further object of the present invention is to provide a rib for supporting and
reinforcing which is reliable and easy to manufacture at competitive costs.
Another aim of the present invention is to provide a structure and a method for
supporting and reinforcing an excavation through one or more ribs according to
the present invention.
SUMMARY OF THE INVENTION

The present invention relates to a rib for supporting and reinforcing an excavation

comprising at least one structural element and characterized in that said element
is provided with a tubular body, preferably with a circular cross section, provided
with an inner cavity adapted to be completely filled with concrete after installation
of the rib. The structural element is provided with a filling device operatively

couplable to concrete injection means.



The met hod according to the invention preferably includes connecting the
first rib to the second rib through a plurality of connection chains. Each
connect i omocbai/m233ei ng coupl ed at opposite ends to a papcTaEP2e11Rgs2pr ovi ded
each at a sane height on one of the two ribs. LIST OF FI GURES Furt her
features and advantages of the present invention shall be apparent fromthe
description of enbodi nents, shown by way of non-limting exanple in the
acconpanyi ng draw ngs, wherein: Fig. is a front view of a first

enbodi nmenftheofibapraferabdy conprisels ackearinghglevenheopnestedt ta v sacomth;endsi g. 2
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5A are viPEGRSUizeginigation,oLCcengre BUNRKFT GV structural el ement of the

rib of Figbcotding to a preferred embodiment, the rib according to the invention comprises
a second structural element provided with a tubular body, preferably with a circular
cross section, which defines an inner cavity adapted to be filled with concrete after
installation of the rib. The inner cavities of the structural elements are preferably in
mutual communication so as to use the filling device of the first element to
introduce concrete into the cavity of both the elements.
The present invention is also relative to a structure for supporting and reinforcing
an excavation comprising one or more ribs according to the present invention. The
present invention is also relative to a method for supporting and reinforcing an
excavation, characterized in that it comprises the steps of installing a first rib,
according to the present invention, and of filling the inner cavities of the structural
elements of said first rib with concrete, at least until complete filling thereof. The
method preferably comprises the step of installing a second rib, according to the
present invention, connecting said first rib to said second rib, through at least a
connection chain, and filling the cavities of the structural elements of the second
rib with concrete at least until complete filling of these cavities.
The method according to the invention preferably includes connecting the first rib
to the second rib through a plurality of connection chains. Each connection chain
being coupled at opposite ends to a pair of rings provided each at a same height
on one of the two ribs.
LIST OF FIGURES
Further features and advantages of the present invention shall be apparent from

the description of embodiments, shown by way of non-limiting example in the
accompanying drawings, wherein:

-Fig. 1 is a front view of a first embodiment of a reinforcing rib according to the
present invention;

-Fig. 2 is a view of a portion of the reinforcing rib of Fig. 1;

-Figs. 3, 3A and 3B are views relative to a first embodiment of a bearing element
of a rib according to the present invention;



Figs. 6 and 6A are orthogonal views of a length of a structural el enent of
the rib of Fig. 1; Fig. 7 is a view of a second enbodi nent of a bearing
el ement oloaoridozsecording to the present invention; FipgT/E2013/081324 ew of a
second possi bl e enbodi nent of a rib according to the present invention;
Fig. 9 is a viewof a bearing elenent of the rib of Fig. 7; Fig. 10is a
view relative to a reinforcing structure of an excavation conprising a
plurality of ribs according to the predent invention; Figs. 11,11A and 11B
are rel atFigs 4 ts a viemneletive to joiniggoneans idh tWOcﬁil’LthHfg| etennemsmfében“ib of
I nventio . 12 is relative to a chain for connection of two ribs
accor di ng&go 't he present invention. DETAILED DESCRI PTION Fig. 1 shows a
possi bl e ErmcﬁllaharﬁA afe aigwdrdlatives ttppofirst 80d udtiore ofifaosteudtgra] bsraenabf er
i ndi cated S|gp ry\: {ah the term"rib") according to the present invention
whi ch wi 1€ H8 9 Fd@-chit ed t hr oughout the description with the reference 1.
The rib 1Fig% %OJH@QACHreQﬂﬂ]d@"onﬁpfli%mﬁstéﬂJ&IéﬂgQﬂw o?'aeéfﬁlﬂtérééle?%lﬂ%fﬁhéfrﬂf ably
made of metal material, such as structural “steel (Fe 430 or the like). The
r| b 1 ha®f&igylimetri cal configuration with respect to a plane of symmetry
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1 conpri seshepfasest ildentiobur al el enent 5A a second structural el emrent 5B
connected_to fhe first 5A and a third stru ral ment 5C connect to
the secord'%t& iRiUMEW 4 e?re%%coﬁﬁ PRSI oH; 0 H%erftu ?‘E? B2 GHPrYRE Honﬁ}%
struct ur yredfMntlof; substantially have a mrror inmage position with
respect to the plane of symmetry S of the rib 1. The second el enent 5B
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plurality of ribs according to the present invention;

-Figs. 11,11A and 11B are relative to a connection ring of a rib according to the
present invention;

-Fig. 12 is relative to a chain for connection of two ribs according to the present
invention.

DETAILED DESCRIPTION

Fig. 1 shows a possible embodiment of a rib for supporting and reinforcing

(hereinafter indicated simply with the term “rib”) according to the present invention
which will be indicated throughout the description with the reference 1. The rib 1 is
formed of one or more structural elements 5A,5B,5C preferably made of metal
material, such as structural steel (Fe 430 or the like). The rib 1 has a symmetrical
configuration with respect to a plane of symmetry S. In general, this configuration
resembles the configuration of the portion of excavation to be reinforced by the
rib.

The rib 1 in Fig. 1 comprises a first structural element 5A, a second
structural element 5B connected to the first 5A and a third structural element 5C
connected to the second structural element 5B. As shown, the first 5A and the
third structural element 5C substantially have a mirror image position with respect
to the plane of symmetry S of the rib 1. The second element 5B preferably
extends symmetrically between the first 5A and the third element 5C with respect
to the same plane of symmetry S. Alternatively, the rib according to the invention



5 could be fornmed by a single structural elenent or even by a nunber of
structural elenents greater than three. The first structural el enent
5A i s forwedohyeasstubul ar body provided with a first endcpmrRiionsiis
operatively connected to a first termnal portion 81 of the second el enent
5B and a second end portion 52 destined to be connected to a bearing

el ement 90 of the rib 1. The tubular body of the first el ement 5A has a
cross section, preferably circular, thdt defines an inner cavity 9A
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connected to e %&f% ST u l-ement
5B. A second g-n Pr(f)‘r?ﬁ%l Oftupﬁfatrﬁi%pgﬁg?frﬁ\u% 8r e eme%]tﬂ”@é ﬁg\nfﬁsft&ead
desti ned dperaie/ed;onoeplabtb ta)rraea‘rlsrtdnenjebmag icogceste rietot thgOinoker tdaeity i9A af The
second el enment 5B al so has a tubuyl ar th a, cross sect referably,
bt not - fBeBady inyolg diPere e AREEsr Aot AiTciRRenb PUREIG, B o
of the flobﬁbre@é&ﬁﬂmﬁﬁotﬁ'@@éehﬁgﬁ arid §%@I@1e@©§@n&e@bﬁm C&Ecréfeef@fram y
has a substanti al lﬁ(/ circular cross section defining an inner cavity 9B (see

Fig. 2) dewengipHpaiiercameletan of &is dhiganToe 09ﬁ@reé¢éa@@@ infody¢ed U$I@9rﬁrha|
portion %?Btfl ﬁBﬁm?e&%}ﬁeﬂu%ﬁé‘ﬁal@%}%ﬁvﬂ@ﬂt’ﬁ%ﬁg to the first end portion

51 of th Irst uctural el enent rough frrst joining nmeans 61, while
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but not necessarily, equivalent in terms of shape and dimensions, to that of the

first element 5A. Therefore, also the second element 5B preferably has a
substantially circular cross section defining an inner cavity 9B (see Fig. 2)
extending for the entire length of the element. A first terminal portion 81 of the
second element 5B is connected to the first end portion 51 of the first structural
element 5A through first joining means 61, while a second terminal portion 82 is
connected to the first end 71 of the second structural element 5B through second



Fig. 2 shows the portion of the rib of Fig. 1 on the left with respect to
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e a0 R BRRRLES 40 oBB sBRIPAF e SifeBh et o SR o Mg
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to that of theterﬁlnal ctl n ST of thet bu C Thz\plate 85A is
wel ded tcfaﬁtﬁe_“ﬂ%ﬁﬂ ehing ototthﬁttUl?LH?%b% ¥ el ﬁm%‘t concentric
with the termmal sefld SR &éoté%w:'ar EHéﬁﬁlebé’%odW@ntSSPWfdliﬁpr‘dﬂé\ﬂc@'ﬁte
85B has astru ure equivalent to that of first joining plrate 85A and

i s connedidiciated abave; @eﬁehwsﬂﬁédmﬁ@ﬁ di andSA mbitidas viewsuetaihecleaginef 5B i n
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second structural el enent the third
of a plate sliding along the outer surface of the tubular body C through appropriate

lateral guides 7C welded to the body. During filling of the inner cavities 9A, 9B, 9C



structural elenment 5C. As indicated above, second joining neans 62 are
provided 8 for this purpose, which are preferably equivalent froma
struct ur avovoevgessnt to the first joining nmeans 61 descrchakabosys2it h
reference to the length T2 of rib 1. Therefore, the indications regarding
the first neans 61 nust al so be considered valid for the second joining
means 62. On the basis of the indications above, the first and the second
j oi ni ng nmeans 61, 62 permanently connect/ the structural el enments 5A 5B and
5C of thefrthe strusturahatersents dt, bBuUusthecalobing elemandi iy rmjb@n'rahtahaon%n for

t he entlr f t ore

formed brostorpa P hF R e GuiE Ty PR bbanidBga Prshins AL
9A, 9B, QCcofmmetlécm of filieg ];eif thel:)lcaw@/l, E&d m?}mﬁbn&ﬁeé& arwlré}ﬁ‘ovédﬁaﬂd It cwlermbs, t he
oinin ans era e the inner cavities t i ngl e

¥ enents SMRONEnds NGReRGR! Hiou Gosect FOsLRBe 1 revent” oufions o theq nget
provi ded dahkfet¥ent means to allow the outflow of air during filling of the

continuous cavity indicated above. For this purpose, the vent neans are

operativel y plFigetishowpeoetaileq view ehivenegaisef o indisaied inHegsi band 2
(1 ndi Cat%l hfe*}m};]é‘rsﬂééfr%r ?H[‘sﬁeﬁﬁth‘ @hrgfa%x%%é 114 E{}n %&Bﬂ%et\tﬁe A tRL ARG =
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reference I es di nen e figures, the
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02 of the se tructur
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preferred according to the_ invention, the rib 1 conprises a pair of bearing
el enent s shuckueh elevgitedBt d hgse dirat jojRINgt MEansrél conuriset agaisof 4einig t o

allow a relak g5ae B e’ﬁ‘%tun%ﬁ ﬁé‘ebétﬁu‘é%éffyi‘_coﬁhﬁgﬁﬂt ?hr%ﬁgﬁBbéﬁs Oby t&ﬁef ib 1

after pré@sur|ze Ion of concrete expression indica
pr ol ongedunctjopatly oequifaleohaneaes.b&ygmdSt bedt SAespaqﬂnmlgd show eoppksibke

filling of %he |tnner £y ieg ?\ ,90 of the structural elements 5A 5B, 5C
I n ot her GROHYL@ 'Bpégéu‘?f) A ‘on" is intended as an injection of

concr et e A hiadt beﬁf@@ mlétéc%ﬂtls aNélﬂééstWﬂleahm{ﬁ?arabﬁ@?@Qiﬂ BePfies Setral Wi t h
the vent neans cl osed, for exanple through the use of a valve. Froman

oper at i o@MENkaHGt@ relative 'leértnﬂr@4 sesfien & ToMAPIRsgEISEle thenodRGIPIPEEDAIr e of
t he Concrﬂ/\fe@éﬁ R?tﬁé‘ﬁfdgﬁ’ﬁ'regod* & ﬁ#@é@@%@sé@ﬂbf‘é‘é 56 W di§&d dn or:le %Rine to
i nj ec ct e

pre-loading.” Pressurize lon 1n causes an I ncrease
i nt ernal tpe etdarandodn e otwmraide ¢0 tHenouter suslaae e theﬁlmbuiasbedyel@ ofn fher ces

L SRR BaE oS ok BBl N A S T 88,50 °

90, the pesfigutionfanthtepriseRtwe seriggiof @@posite holes 86A,86B for connection
of closing bolts (not shown in the figures). The plate 85A also comprises a circular
opening with a diameter D corresponding to that of the terminal section ST of the
tubular body C. The plate 85A is welded to the tubular body C so that this circular
opening is concentric with the terminal section of the circular body.
The second joining plate 85B has a structure equivalent to that of the first joining
plate 85A and is connected to the terminal section of the second structural
element 5B in exactly the same manner as described above for the first plate 85A
with reference to the connection with the first element 5A. The two plates 85A,85B
are connected so that the relative circular openings are coaxial and
communicating with the two inner cavities 9A,9B of the two structural elements
5A,5B.
With reference again to Fig. 1, the length of rib 1 indicated with the reference T4 is
relative to the connection between the second structural element 5B and the third
structural element 5C. As indicated above, second joining means 62 are provided



The novement of the structural elenents 5A 5B,5C allows an increase of the
supporting and reinforcing effect of the excavation, as the system of
forces i swornangfessned fromthe walls of the structural ecemPrés/ b2 he

excavation wall. In fact, pressurized injection of concrete can be
prol onged until the rib 1 adheres to the excavation with a certain
"pressure”, which will be directly proportional to the internal pressure of

the concrete. Prolonged injection therdfore advantageously nakes the rib 1
"active" fomthispardose, whiatharer griefdrablyeeirivaleni froer 2 strugturalonewpoinbimther i bs
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respect i \gh th& sHsE e the tihGicafiomatBlef tHd Fifg and 1o ﬂc@ﬁél}blnﬁfnﬁéa{r{é ng.
From an operational viewpoint, this translates into the possibility of
produci n@® L& permanenily porecitiee strockiranelemants SfesBand pe afibedithnerssi ons
of the exgcavation 0 [ i -
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installation. Mreover, it is observ that injectign of concrete
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SA, 5B, 5Cpfd Blie Ihi Bthkeri WeFd2sths fdﬂﬂn@ﬂ%@éﬁisc@twe?lie‘iér%'bﬁﬁ nisle ARé Yinhér
bendi ng, but also to torsional stresSes as a result of the closed section
of the t@BUitigs aidRR BOLT elemeands epewRyieatinthi s in fact makes the rib 1

usabl e i Y L condit i i i Al : i i of
the tvo L WiRiEienBe 5 s, 1, RS 1 (YRRt P IS RlenSTBOITe OF
t he struculitel &l eimecirsgb AllliBg, 6TC.thé rcquainuous| Gavity rietiEated ebosendde théd ow t o
the bearing el enent 90 connected to.the first structural, el enent 5 but
Lhe cons FIERSRS HE VBB BleRacr aPeb e e placeddn SOYETY af Hress pgtion
connect egfttRe trite1 t(hdichted MIBE tHealefele?iRRITT5 B9 Figlhe) \bmrrésmecﬁlt@rmptarienoﬁ g. 7
conprises at least a tubular portion with circular section coupled

sl i di ngl yetesengee Pt on syhiehdt 18sts-ilorihg 1embodimentishowrsin the: figwese thanant 5A.
More precy t4Qn; | i
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el enent SAc6M (stiucturblelenrertt B .eAaspbes, shoarnstallaiprrbe thee aibi ‘hpasl ment 90
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t he sol utgyaneir.Figs. 3 to 3B). The bearing el enment 90 al so conprises an
i nner tubular portion 95 with a circular section and coaxial with the outer

portion PECOTHRY| Wndn EIRPOEPERPIeiGHeds areordiighii@ dheninyendPas §iy anner

to the s and o ~af LT u&;,tg)r I ;
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st ruct ur #llemerhd®A5GE@m@e thallow| atrelativeeapiveest @ighe stio)cturpheslemests
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so as toiaditaesfproldngedt ihggotioh dfheangétel beysid e Gfnec patpsirgidefor |donblete

solution jnjection of concre is perfornmed through the filling devjce
associ at sliig @Tlﬁhfan@nw_e%wﬁ'%g&gr%@&Réﬁeeﬂtwtafe%m@itséﬁ/&\,éh%,ﬁcﬁi Ineteer
accor di ngydras tprediefrdunReRNls FRETISELEE%N iRkbtiord df Lokichste! Baf thikdd her
enbodi rent of a rib 1 according to the present ‘invention, differing from

t hat of Rlace et auwessurg ahavecpENOSIEAIC Rgsaticodr withtthe wwsdmeansriesedt s 90,
one of j ' h ' ' p ' » ot

embodi e’ PR Buh e St 4 UpRaCE RT3 pertiblal FRRBEIn Risder g
t ubul ar pondition 26owsufiieedniena pedsssicepohghevnoorsreted tbheel imoeeasadyuirar
portion 94, This connecti ortion 96 i.s cgnnected tao the second end

bor t1 on S8bsPRCRrSRE gl 8 o | 4p ik fording cPEeHZed IMEE TRIgRaL P PEFS0
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means 66. These |atter are configured so as to maintain the inner cavity
9A, 9C of fersesrtbpheie/sansfietredupdhednaarewells /f H© stelusalcclements S, SBHEY
cavity 9D defined by the inner elenent 94 and by the connecting portion 96.
The joining and cl osi ng neans 66 make the connecting portion 96 integral
with the relative structural elenment 5A 5C of the rib 1 sinultaneously
defining an upper obstructing wall 68A delimting the bottom of the cavity
9A, 9C of the relative elenent 5A 5C and a | ower obstructing wall 68B
delimting the top of the cavity 9D defined by the tubular portions 96, 95

Y b1 o a b



i ndi cati ons above. From an operational viewpoint, prolonged injection of
concrete into the cavity 9D (i.e. beyond the normal filling) increases the
i nt ernal woessumwessof the concrete determning a thrust PcoEPRh@/0bBer
obstructing wall 68B defined by the joining and cl osing nmeans 66. This
thrust F causes lifting of the structural elenments 5A 5B,5C wth respect to
the bearing elenments 90. In this way the structural elenents 5A 5B, 5C
adhere to the inner surface of the excdvation supporting and reinforcing it
t hr ough amduaing theraem iaoelative meverpeet withl resract to theneeaingelienants 80, theg. 9,

the strucg | el 5 an sinply be filled, but that prol onged
pressuri %g§ftﬁﬂjo§gﬁﬂ§ﬁ?%mg®gn@}v§ﬁgﬁi s also possible in this case according
to the prThecnﬂi\@sne&'&tofdmmsaboMeall cleredrad i5X)5BBC Fatlowisbad ihorelasg. of7thelhe
present inventjon also.relates_to a_rei nforgla?grbstr cture 2 of
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areas A @agh7 ghowsi inhdetei Ianﬁobsb@'evmbocﬂ|hﬁartttdfilihartvvbol§|efar(hgiékén’ﬁélﬂsSJOde’S
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| u
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Thi s advapi-GaraIsbikrénsd RARRRIE! BBIohER) ﬁ\teaﬂéﬁrlrﬁ’d e‘ié’fﬁeﬁtogﬁ%rfn%te%”f% the

i ncreases the overall properties of nmechanical™ resistance of

rei nf or cifiigf sifudiienal elernentpfai butiinetconsideratieies below gust elsoike cgneu:leted
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chai ns assune a ari Crosse PoOsSI res ec to an o ser tI on
pl ane or teﬂmgenauln Fig. Viwnaor%scﬁt |& &t aathmmnpmrmbthm a:urdmskar seoeonwouple“oespect

to the ob |on 0 of the V|e 0.. This ar n the
e heng SFNGR: 1RO iR Su rtidcy] ot B gt sttniran ek igs Sha 10 n
ot her do?ﬁ'eé@él Oﬂ’}%t §étﬁfont$‘leth@pﬂ&bu%@tdd?%r9%a§%§lﬁé’é@cBﬁb@ﬁ@ﬁ'dthQorthgﬁof For
this purpose, in Fig the two broken lines delimt the vol une V between

two adj adeatend b@PrH@@tf)%le the pelative| siueiutan elenrandt @A or(csridaplie the
shotcretee)X rﬂ gﬁ?\pﬁ) observed that the circular shape of the tubul ar body
C of the vari ous uctural elenments 5A 5B,5C allows inproved distribution
of the concrete between the ribs 1,1A 1B as it can conpletely surround the
outer surface of each rib w thout |eaving uncovered regions as, for
exanple, occurs in ribs with H or double T section. Mreover, the circular
sectl on of t he structural eI errents 5A, SB 5C offers great er re5| stance to
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The present invention therefore also relates to a nethod for supporting and
reinforcing an excavation conprising at |least the steps of: -installing a
first ribwd2eoooesding to the present invention; 13 filpcirmp24ihesisoner
cavities 9A 9B,9C of the structural elenents 5A 5B,5C of the rib with
concrete at |east until conplete filling thereof. For the objects of the
present invention, the expression "installing a rib" substantially

i ndi cates operatively placing the rib B8l ow the excavation to be supported
and r ei nfldvec bgarirg e¢lemeplt 90 tdoenpriselsod paseyiptrie Pbdrandestiffepingf ptates 94 he

structura| nt f i ch L b ' . [ | ar SS
Sect i on CoREeRIERnReRT A, 80 ARG, At kel sBRHRE patil &, Wil Bredig"S
provi ded sectitn isiatiiang tel beesdiati@? i ¢igs. €3l td BB)h&heebedring efnertt 90 allso

el enments 5A, 5B so as to alljlow a rel éiv. nmovement 5A, 5B, 5C acccrrd' ng to the
i ndi cat i SREAISETN e o WRE BRFHR @ V‘éﬂﬁ:ﬁ QJedlar $gCHPR: RBFOFE Vt"hﬂeg]% b,
the met heghtér S&@ibﬁt@ﬂ W@Mh@?&ﬁtﬂér E)d_)ﬂtibh"% Fs%dd?é@'in 83¥ldsk88in An8Rn8C of
the structural elements with pressurized concrete so as to produce an

active rdonihs ceeramd ¢ind heorérawat ichn thes cliisti siguataral helemeniod Atesd s
| ndi cat eoARRLRardHs! Hudth BEAcoAIdRRA vAINE bt " dndelofiof b?twe{e'ﬁl 'th@Ihife
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cavity wwth concrete I n norma fessurized con ons e net
pr ef er ablsyruptural elemdnd5C bed she pdatife bearirsg aldmery 40)s €herntheri davitgh Bcodr di ng
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complete filling thereof. . S .
through injection of concrete. In this solution injection of concrete is performed
through the filling device associated with the relative structural element (first 5A or
third 5C according to the bearing element considered).
Fig. 8 relates to a further embodiment of a rib 1 according to the present invention,
differing from that of Fig. 6 due to a different configuration of the bearing elements
90, one of which is shown in Fig. 9. More precisely, with respect to the
embodiment in Fig. 7, the bearing element 90 comprises an outer connecting
tubular portion 96 coupled in a telescoping manner to the inner tubular portion 94.
This connecting portion 96 is connected to the second end portion 52, 72 of the
relative structural element (first 5A or third 5C depending on the bearing element
considered) through joining and closing means 66. These latter are configured so
as to maintain the inner cavity 9A,9C of the relative structural element 5A,5C
separate from the inner cavity 9D defined by the inner element 94 and by the
connecting portion 96. The joining and closing means 66 make the connecting
portion 96 integral with the relative structural element 5A,5C of the rib 1
simultaneously defining an upper obstructing wall 68A delimiting the bottom of the
cavity 9A,9C of the relative element 5A,5C and a lower obstructing wall 68B
delimiting the top of the cavity 9D defined by the tubular portions 96,95 of the
connection element 90.
According to this embodiment, each bearing element 90 is provided with a relative
filling device 7C of the inner cavity 9D defined on a length (indicated with the
reference T1°) of the inner tubular portion 94. Filling of the structural elements
5A,5B,5C with concrete is instead performed through a pair of filling devices 7,77
associated with the first 5A and with the third element 5C according to the



Preferably, the nethod provides for connection of the second rib 1A to the
first 1 through a plurality of connection chains coupled at the respective
ends to cwonreridessiri ngs provided on the two ribs 1, 1A atrape@nnsspondi ng
height H (see Fig. 1). In particular, the chains are preferably connected
to pairs of rings positioned at correspondi ng heights H on adjacent ribs,
so as to be "crossed" as shown in Fig. 12. The technical sol utions adopted
for the rib and for the nethod for suppbrting and reinforcing an excavation
al | ow t héndieatieisnabone. dipecas operaional vieypaitto ppolosged injectigmot cendrate, t he
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vari ant s,acebtdih@td tHepridifes sehgowh eR@vEefin F&latibmetHd Me 1GR g At.; nor eover
all details can be replaced by other technically equivalent details. In

pract i ce,Thenhereagnéinniionsalgo detatehdo coreinfejeing HTuriws 3rf am@xcavaiPrtan be

28{1 / 88;?&%}@8'&%%3@%@? 2Bty I ReSHrRENChvERSoR For thi¥urpose,

Fig.10 shows a structure comprising three ribs (indicated with the references
1,1A,1B) which are mutually connected through the use of connection chains
45A,45B, an example of which is shown in Fig. 12. Any one rib is connected to a
previously installed rib before said any one rib is filled with concrete using the
possible methods described above.

Each connection chain 45A,45B is coupled, with a first end, to a first connection
ring 48A associated with a first rib (indicated with the reference 1) and with a
second end to a second connection ring 48B associated with a second rib
(indicated with the reference 1A). For each rib 1,1A,1B the connection rings
48A,48B are connected, preferably by welding, at predetermined intervals along
the tubular bodies C defining the structural elements 5A,5B,5C. Each connection
chain 45A,45B connects connection rings 48A,48B belonging to adjacent ribs
1,1A, but arranged at the same height H with respect to a plane of reference
which can, for example, be the plane P on which the ribs rest (see Fig.1).
Figs.11,11A and 11B allow observation of a preferred embodiment of the
connection rings 48A,48B. In particular, Fig.11 relates to one of the cross sections
of the rib 1 (indicated in Figs.1,2 with the reference T3) at which one of said
connection rings is welded. As shown, each ring 48A,48B comprises a pair of
shaped portions 49 (shown in Figs. 11A,11B) arranged on opposite sides with
respect to the centre of the circular section of the body C of the relative structural
element 5A,5B,5C. Each shaped portion 49 has a substantially U-shaped
structure with the arch shaped central side 49B with curvature corresponding to



15 CLAIM5 1) Arib (1) for supporting and reinforcing an excavation,
conprising at least a first structural elenment (SA) which conprises a
curved tuwvolzari/desdy (C) with a substantially circul ar crosEPI@atosBR4
provided with an inner cavity (9A) adapted to be conpletely filled with
concrete after installation of said rib (1), said first structural el enent
(SA) conprising a filling device (7) operatively couplable to neans for

injecting concrete into said cavity (9A2. 2) The rib (1) according to
claim 1, thalcofgha asiterdsifrfddel oighaénidyeC ( The bworpppesite allesFé&t atthershapdsk i ned

on said N I : t (5A) and a closing elenent (79
of said g)gagt%?rﬁgéaF%%n%%b%@fugﬂ@?ﬁ@l‘e&ﬁéﬁgﬁﬁ ((79))bei ng \ m)vablge bet ween(a :
cl osed pdagie cormfigungticm oomm sheped ipontion 40: ibeartidulédy adeantadiedgs tforamn one

of clains 1 torf, where ses vent neans. for ﬁ he outfl ow of

air duri QPETHQIA V&W%‘?'” 8ﬁc gelc"I't@t‘?%gBFF'Pn%Cth”bOP%')at'QE?%of81 519189 £lyhbhe of

clai ms 1 doptidd to Ghe eci Fedadtntid@liraturk of IP'depBal 8lde ﬁgEtalfé)\A%er
structural element (59) conprising a first termnal portion (81) connected

to a fir£OMest wWelding GOs{t®N) toobe Lasdy atainteared. fﬁqrs&hl%pumﬁst@r & Fé.elfethe (5A) .
L bron,” by oB950 L ikl BT e ORIAAG: SELA S epeltosta e |
(9B) adaphedonfigbeationl dfethevshhped poridres 40t iar substaadd alefinas dous aodplingd (1)
areas A each of which defined between the tubular body C and the sides 49B,49C
of this portion. As can be seen in Fig. 10, this solution allows two chains 45A,45B
to be used to connect two adjacent ribs 1,1A or 1A,1B. This advantageously
increases the resistance of the connection and increases the overall properties of
mechanical resistance of the reinforcing structure 2.
Again with reference to Fig. 10, it is also observed that two chains 45A,45B
connect two adjacent ribs so that these chains assume a mutually “crossed”
position with respect to an observation plane orthogonal to the axes of the
elements of the ribs, i.e. with respect to the observation point of the view in Fig.
10. This arrangement on the one hand allows an increased connection effect to be
obtained and on the other does not obstruct the application of concrete between
the ribs. For this purpose, in Fig. 10 the two broken lines delimit the volume V
between two adjacent ribs destined to be filled with concrete (for example
shotcrete).
It can be observed that the circular shape of the tubular body C of the various
structural elements 5A,5B,5C allows improved distribution of the concrete
between the ribs 1,1A,1B as it can completely surround the outer surface of each
rib without leaving uncovered regions as, for example, occurs in ribs with H or
double T section. Moreover, the circular section of the structural elements
5A,5B,5C offers greater resistance to torsional stresses with respect those
possible with open sections (H, C or double T). With the same stresses, this fact
translates into the possibility of limiting the dimensions and material of the rib, i.e.
the production costs.
The present invention therefore also relates to a method for supporting and
reinforcing an excavation comprising at least the steps of:
-installing a first rib 1 according to the present invention;



6) 75 The rib (1) according to claim)2(, wherein said inner cavity (9A) of
said first structural elenment (SA) is communicating with the inner cavity

(99) of swodos@®essd structural elenment (59). )A 0 The ripbT/(EPRo1a@soedi ng to
claim1l1, wherein said rib (1) conprises a bearing elenment (90) connected to
an end podia (52) of said first structural element (SA). iN. The rib (1)
according to claim, wherein said bearl ng elenent (90) is connected to said

first structural el ement (5A) so as toldllow a relative movenment thereof
af t er pr efl§ogitkednnerj eaMitien969B:8Gcofehe structurshieterhenier SAB,9¢ ajftheild

wnerei o O TeR AIFRRPorbId RGPS  uct ut af el ement (50
conpri si pratielobjectsboflyther @reskerst mdntian, ltheempaasistcm (“Sﬁlalm@pa edbto be
filled Wltg) conc ete after |nstalg,) on of sai

2011/ 0928%" ﬁ@ﬁf'ﬁ d'i@F@?fB?@erfé'Ve inghdhe i P (%lo‘é{cé%w 8P(H%V€itt9nc fi06
wher ei n - sabgoftBH HthdSleinisiceaPréfePaB Pt theThéthod provides for the use of a rib the

structural elements of which comprise tubular bodies with circular cross section.
The method preferably provides for the installation of a rib 1 provided with bearing
elements 90 coupled to the relative structural elements 5A,5B so as to allow a
relative movement 5A,5B,5C according to the indications above. In the presence
of such bearing elements for the rib, the method preferably provides for filling the
inner cavities 9A,9B,9C of the structural elements with pressurized concrete so as
to produce an active reinforcement of the excavation according to the methods
and aims indicated above.

After installation of the first rib (i.e. filling the cavity with concrete in normal or
pressurized conditions), the method preferably provides for the steps of:

-installing a second rib 1A according to the present invention;

-connecting the first rib 1 to the second rib 1A through at least one connection
chain;

-filling the inner cavities of the structural elements of the second rib 1A with
concrete at least until complete filling thereof.

Preferably, the method provides for connection of the second rib 1A to the first 1
through a plurality of connection chains coupled at the respective ends to
connection rings provided on the two ribs 1,1A at a corresponding height H (see
Fig. 1). In particular, the chains are preferably connected to pairs of rings
positioned at corresponding heights H, on adjacent ribs, so as to be “crossed” as
shown in Fig. 12.

The technical solutions adopted for the rib and for the method for supporting and
reinforcing an excavation allow the set aim and objects to be fully accomplished.
In particular, the use of ribs with “tubular” structural elements combined with the
use of concrete allows high mechanical performances to be achieved with a
limited use of material. For this purpose, the use of elements with a “closed” cross
section, preferably circular, allows performances to be varied by varying the steel-
to-concrete ratio (i.e. the thickness of the elements) with the same external

dimensions (i.e. with the same external diameter in the case of circular cross



conprises an end portion (71) connected to a second term nal portion (82)
of said second elenent (5B). P3 ) A1 1,15 The rib (1) according to claim
yf , wherwonos@ogssinner cavity (9B) of said second struetweekoelossent (5B)
is conmunicating with the inner cavity (9C) of said third structural
element (5C). et "1,27)1,31 The rib (1) according to claim116, wherein
said at least third structural elenent (5C) conprises an end portion (72)
connected to a bearing element (90) of14aid rib (1). Az. The rib (1)
accordi ngsecboras)afr misQbvibeslgiihadwaniageaus tainstallation t(oey and cosisplTde use sai d

roverent i Bauar biabs SRl Ao 5 R0 i bBefim Felolus  Mid,er

cavity ( %@blu@étu@ﬁbﬂc@dﬁﬂretﬂa éﬁhbttﬁréw’)étiet\ﬁéénﬁw()%@jacddt lriBis)to ¢ Jdieed, &s the)
according to c wherein said (t%l rd str ct ural el enent 5(% CRHEI‘I ses
a filli n%ué%rvﬁ f{%?i‘ i &lenpus Gan pF%fBPl? ¥ GRYErRd MEth coRdeta WgneBhcret e

into sai ¢mppahaeay bbhgBfhed) A- 0 1, p1f A structure (2) for supportl ng and
reinforcing, "characterized in that it conprises at least a rib according to

one or noMe oo, cthe ptructure/ Apd. the mnethod for supporting and reinforcing thus
conceived are susceptible to numerous modifications and variants, all falling within
the scope of the inventive concept; moreover all details can be replaced by other
technically equivalent details.
In practice, the materials used and the contingent dimensions and forms can be
any, according to requirements and to the state of the art.



AG) 171 The structure (2) according to clainlll4, wherein said structure
(2) conprises a plurality of ribs (1, 1A 1B) according to one or nore of

claims 1 webotfoasshd .., kie;, AA) 1181 The structure (2pcaee§i9joss210 claim
A, wherein said rib (1 1A 1B) is conpected to an adjacent rib through one
or nore connection chains (45A,45B). -..1 ilc$),12") The structure (2)

according to clainfl1l4, wherein each rib conprises a plurality of connection
rings (48A, 48B) arranged at predetermned intervals along the relative
structural elements, each connection chain (45A, 45B) being coupled with the
ends to connection rings arranged on different ribs at a corresponding
height (1-1)...ia Ac) 3e) The structure (2) according to claim wherein
each connection ring (48A 48B) is confé gd so as to all ow coupling of at

| east two connection chains (45A, 458). %ﬁ@ A met hod for supporting and

rei nf orci ng aniekomatférenpeabng anstreinforeint amexcheationtcomprising at least a first

structural element (5A) which comprises a curved tubular body (C) with a

substantially circular cross section, provided with an inner cavity (9A) adapted to

be completely filled with concrete after installation of said rib (1), said first

structural element (S5A) compriging a filling device (7) operatively coupliable to

means for injecting concrete into said cavity (9A).

2) The rib (1) according to claim 1, wherein said filling device (7) comprises an

opening (7A) defined on said body (C) of said structural element (5A) and a

closing element (7B) of said opening (7A), said closing element (7B) being

movable between a closed position and an open positign.

)/4’)/1"he rib (1) according to any one of claims 1 to/Z wherein said rib comprises

vent means for the outflow of air during injection of concre

Q.) (65 The rib (1) according to any one of claims 1 to /( characterized in that it
comprises at least a second structural element (5B) comprising a first terminal
portion (81) connected to a first end portion (51) of said at least first structural
element (BA).

S ﬁ)"l’ he rib (1) according to claim /5, wherein said second structural element (5B)
comprises a tubular body (C2) provided with an inner cavily (9B) adapted to be
filled with conerete after installation of gaid rib (1).

& 75 The rib (1) according to claim ﬂ, wherein said inner cavity (9A) of said first
structural element (5A) is communicating with the inner cavity (9B) of said second
structural element (5B).

:\ {85 The rib (1) according 1o claim 1, wherein said rib (1) comprises a bearing
element (90) connected to an end portiop (52) of said first structural element (5A).

o ?{ The rib (1) according to claim g, wherein said bearing. elemeni (20) is
connected to said first structural element (5A) so as to allow a relative movement
thereof after pressurized injection of concrete into said inner cavity of said first
structural element (5A).

‘-‘g ‘I/Of The rib (1) according to claim /5’ wherein said rib comprises at least a third
structural element (5C) comprising a tubular body provided with an inner cavity
(3C) adapted to be filled with concrete after installation of said rib (1),
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conprises the steps of :,t 4-k - installing a first rib (1) accordi ng to
one or nore of clainms 1 to WD 2011/092331PCT/ EP2011/ 051324 17

filling tWe hivApsssgavities of the structural elenents (56T,ﬁ§2(51%5f3§4 said
first rib (1) with concrete at |east 4ntil conplteclilling thereof ., k.

2/ The nethod according to clainfl , wherein said nmethod conpri ses the
steps 9 of:-AA - installing a second rib (1A) according to one or
nore of clainms of 1 to," in a position adjacent to said first rib (1);

C:\

}D) 13 The rib (1) according to claim }0, wherein said third structural element (5C)
comprises an end portion (71) connected to a second terminal portion (82) of said
second element (58).

A}>1 The rib (1) according to claim 7‘[ , wherein said inner cavity (9B) of said second
$tructural element (5B) is communicating with the inner cavity (9C) of said third
structural element (5C). q

/(9_ 1;9'5 The rib (1) according to claim 1/!( wherein said at least third structural element
(5C) comprises an end portion (72) connected to a bearing element (90) of said
rib (1).

/@91 ) The rib (1) according to claim /1’5 wherein said bearing element (90) is
coupled to said end (72) of said third structural element (5C) so as to allow a
relative movement thereof after pressurized injection of concrete into said inner
cavity (9C) of said third structural g\ement (50).

)\Lg 15§ The rib (1) according to claim 30, wherein said third structural element (5C)
comprises a filling device (77) operatively couplable to means for injecting
concrete into said inner cavity (9C).

/KS) 19{ A structure (2) for supporting and reinfor¢ing, characterized in that it comprises
at least a rib according to one or more of clau‘%s 1 to 94 Al

AQ The structure (2) according to claim wherem said structure (2) comprises a
plurallty of ribs (1,1A,1B) according to one of g\ore of claims 1 to;vé AL

A 75 The structure (2) according to claim A7, wherein said rib (1,1A,1B) is
connected to an adjacent rib through ong or more connection chains (45A,458).

)\‘&3 Jﬂ) The structure (2) according to claim /16 wherein each rib comprises a plurality
of connection rings (48A,48B) arranged at predetermined intervals along the
relative structural elements, each connection chain (45A,45B) being coupled with
the ends to connection rings arranged on different ribs at a corresponding height

AR

)FD ) The structure (2) according to claim /1'6 wherein each connection ring

(48A.48B) is configured so as to allow coupling of at least two connection chains

(45A.,45B).
2}9 ;Xf A method for supporting and reinforcing an excavation, characterized in that it
comprises the steps of : Al

- installing a first rib (1) according to one or more of claims 1 to /6;
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connecting said first rib (1) to said second rib (1A) through one or nore

connection chains (45A 45B) filling the cavities of the structural
el ements WhH 5al@gcond rib (1A) with concrete at |east paiigphoiGR5Bhet €
filling of these cavities. 17

- filling the inner cavities of the structural elements (5A,58,5C) of said first
rib (1) with concrate at least until comp!itﬁgming thereof;
9.)\5 2}5 The method according to ¢claim /24 , Wherein said method comprises the steps
of: Al
- installing a second rib (1A) according to one or more of claims of 1 tcy)‘a(
in a position adjacent to said first rib (1);
- connecting said first rib (1) to said second rib (1A) through one or more

connection chains (45A,45B)
- filling the cavities of the structural elements of said second rib (1A) with

concrete at least until complete filling of these cavities.
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