TUNNEL REI NFORCEMENT STRUCTURE AND TUNNEL CONSTRUCTI ON METHOD CAPABLE OF
CONTROLLI NG GROUND DI SPLACEMENT USI NG PRESSURI ZATI ON BACKGROUND OF THE

| NVENTI ON Field of the Invention [ 1] Thepresentinvention relates to
atunnel reinforcenent structure and a tunnel construction nethod and nore
particularly,a tunnel reinforcenment structure and a 10 tunnel construction
met hod capabl e of controlling displacenent g pressurization, wherein a
pressuri zing bag is provided between the excavated inner surface of the
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met hod capabl e of controlling displacenent using pressurlzatlon,mhereln
reinforcenments and face bolts resist the external forces applied 20 in a
vertical or horizontal direction and the external forces |ocally generated,

duri ng excavation, as an BMFEFROUND, AR, THE FNVENRIGFher, thereby inprov ci

the stability of the excavation.
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Field of the Invention

[01] The present invention relates to a tunnel
reinforcement structure and a tunnel construction method, and
more particularly, to a tunnel reinforcement structure and a

10 tunnel construction method capable of controlling displacement
using pressurization, wherein a pressurizing bag is provided
between the excavated inner surface of the ground and steel ribs
so as to recover or to the highest degree restrain the ground
displacement and ground surface settlement occurring around an

15 excavation face of the tunnel.

[02] Further, the present invention relates to a tunnel
reinforcement structure and a tunnel construction method capable
of controlling displacement using pressurization, wherein
reinforcements and face bolts resist the external forces applied

20 in a vertical or horizontal direction and the external forces
locally generated, during excavation, as an integral body with

each other, thereby improving the stability of the excavation.



Background of the Related Art [ 3] According to the excavation work
carried out to pass through the ground under a given structure |ike
expressways or railways, generally, steel pipes having a d:Lanmeter of nore
th 800 mmare first forcedly inserted into the ground for tunnel
excavation, and next, steel pipes are penetratedly arranged in the
excavation process of the soil inside the inserted steel pipes. As the
above processes are repeatedly carried out, the plurality of steel pipes is
di sposeBatRgsbuhdustl the Rullasiedeaeft 10 a concrte box structure to be
installed, and after the steel pipes adjacent horizontally co each other
are connect ggiz] coneret@ih§ €astthe excdviltidht efortkhe-SteRd phpestd npaswhi ch
the concrete is filled are di sposed on the ground, next, the soi

surroundgdofyn 19ntheyrstheel unddie £X§avat egtr&@@i@Ylbk'é' dikpget BRagONEFEL €
box structure in the excavated space surrounded by the steel pipes.
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steel pipes w th ?arge stl fness having a | Aneter of nore than 800 mm are
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structure, so as to prevent ground displacement fromoccurring during the

excavat Lolyyar ion, L BhafGRAENI QL9 INGLONYENt L0 &rgtogﬁtﬁ; UGEL o Iipt igd.

however, y large’ constru |on area neede 0 I nst
reaci: aon farce plate. an ol kand el"lkglas used . for, st eel pl pe
j acki ng,”an |gh construc |on ong const ruction perirod an

al so needed bec use of the |nstallat|on of ver xpensive | a J dla ter

steel pPpBES and the T cEVALT of AreP el df Ny E%ﬁ’%"i‘te t C Ut t R ’st of
pipes. ,UNII. , RY OK THE | NVENTI ON , % % Accordlng g, t he pres
i nvent | BhURAL! béeR’ nabeet nPiPew oF fAEPaBSYel feAtfbneRT probPBhE: %c%ﬂ?ru ng

inthe prior art, and it is an obéect of the present invention to provide a
tuhH%I a concrete box structure to be installed, and after the steel

pipes adjacent horizontally to each other are connected,
concrete is cast to them.
[04] After the steel pipes into which the concrete 1is
filled are disposed on the ground, next, the soil surrounded by
15 the steel pipes are excavated, thereby building the concrete box
structure in the excavated space surrounded by the steel pipes.
According to such conventional construction method, the large
diameter steel pipes with large stiffness having a diameter of
more than 800 mm are first installed before the excavation for
20 construction of the concrete box structure, so as to prevent
ground displacement from occurring during the excavation.
[05] According to the conventional construction method,
however, a relatively 1large construction area 1s needed to

install a reaction force plate, an oil jack and the like as used
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10 reinforcenent structure and a tunnel construction nethod capabl e of
control ling displacenent using pressurization, wherein pressurizing bag is
provided in a gap between the excavated. inner surface of the ground and
steel ribs, and to apply not only to the tunnel under a given structure but
to the bored. 15 tunnel (hereafter referred to as tunnel), and is then
filled wwth cenent mlk to pressurize the ground, thereby recovering the
ground di spl acenment occurred by the excavati on around an excavation face
and thereby to the, highest .degree restrainin rouncj . displacenent and

ar ound St 14 s o L PBeAE K ABough™d hB 30 IHENEREnc ol AHE SEiTl Hese of
the ground recovered by the pressurization of. the pressurjzing bag.

[7] Tt CP8SERBEREP" oBf P of TENE L FPeSERF P NVEREINSA t°To Phrovittid-aalation
tunnel reinforcement structure and a. tunnel pressurization, wherein

rei nf oPEeERt/s CARGTFAEE BOIES rFasisterhé terileiale st orices-rappiicedait oa
vertical or horizontal direction and the external forces locally generated,
duri ngaegcavation, casr@r inttegiralethddy wicehleaéhedt her, thereby i nproving
the stahilitvin the excavation_ (08] To acconpl-ish the above objects,
according to the first aspect of the "resent invention, there is provided a
tunnel reinforcenent structure capable of controlling displacenent using
pressurization so as to nMEEMMEARYtOE BHERDINVRNTIGIN t he excavated section of
tunnel during excavation, the tunnel reinforcement structure including: a
plural y ofoéeei nhereeaenysyadapiedotosdre: f onoedt yoh nserkr ,ieckd nhedé henbor ed
hol es forned al ong the outer st,"” of the section to be excavated in one

di rect v@BwObfi RhBOLBoUEFRE L OBSed Np SHISTEms 1ocdmlielg as tihd e rdldranged
parallel to an excavation direction, so as to safely control the

di spl aggpent of theoghedndoreagh pietber rehndor coment sphavig 2 Wigrater in
a range between 50 mmand 300 mMmand a length in a range between 12 mto 40

i nl@ndrte*i‘ﬁfla?&&%ﬁ{fé’{r@ by & el i of cegpnt ) havh 0gr-cement Mdod nigehad 20

therein; a rality of auxiliary reinforcenents di sposed between the

reinf %‘EG”EBB&MPDPI(?OP&J{ 1 Retyeen gls%?gdpﬁggguw%‘%{%% fromidg ends of

t. e reinforcenents cedaly 1 nserte rou In sucn a nmanner as

to be i%'sis“%%jn-a%ﬁé’i goatgo 150 Jroman exgavation facg df the t@@vateq

excavation | e

inner surface of the ground and steel ribs, and to apply not

only to the tunnel under a given structure but to the bored

15 tunnel (hereafter referred to as tunnel), and is then filled

with cement milk to pressurize the ground, thereby recovering

the ground displacement occurred by the excavation around an

excavation face and thereby to the highest degree restraining

ground displacement and ground surface settlement through the

20 improvement of the stiffness of the ground recovered by the
pressurization of the pressurizing bag.

[07] It 1is another object of the present invention to

provide a tunnel reinforcement structure and a tunnel

construction method capable of controlling displacement using



| onger than length of one or two reinforcenents; a plurality of steel ribs
di sposed on the inner tour(i.e. upper, |lower and botn sides) faces of the
excavation face along the inner wall surfaces of the ground during the
excavation; a plurality of '5 pressurizing has each provi ded between the
steel ribs and the excavated inner surface of the ground so as to recover
t he di spl acenent occurring through the excavation, the interior of each
pressuri zing bag having cenment mlk injected thereinto; a concrete part

adabt ed, #0s e iGast Gt wWerRctihe rstiaebrebhshtandnd0chéai Bgl cones et €t adapt ed
to be cast to the steel ribs and the inner surface of the concrete part,

wher ei ne the- {Li n%@f@@éﬂ%@%@%@ fior cedhyrichsent ed: i méoi 1dverout girsitf@ce of
the section to be excavated on the ground in such a nanner as to be spaced.

apart fromeach other, byra distiance 1hetipeenacdi anptefq0t<x8a68:1bS, as
auxiliary reinforcenent and 100 cmin a parallef direction to the

excavatjon dire %%pn 0844 he, 1 ynnel , or igtggrput@ggfgéﬁregﬁ'fgbfggIe§§éthan

10e, (09)Accord tot present 1 nvention, preferably, the steel ribs are

steel beans.. 2()[.103Accar di . Q_the present invention, preferably, each of
the%prégggg%%ﬁ%éjﬁéggei%Xnﬁggt%gnény one sel ected fromrubber, nylon,
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[ 11] Accor ion, preﬂgraﬁly, eac

pressurizi ng bags has shape of a bag. whose insi is enpty and .inlets
f or med W%}%e asgg’&?tt h%feotfq‘,éoi REGSWA cﬁ”i“ﬁeentc]e%nt gﬁ?ﬂ% ilrs?i )réjréjg 38.8 <
[12] According to the present invention, preferahly, eagh of tge 114
pressur F¥PHY bagEe I At THHEd t o° tHEE Fihge ‘f)"i‘ﬁ%]o%s of " t heC8PEEPLHIBE by
as

means of. fastener tape or adhesive, _ . .
displacement using pressurization so to maintain the

10 stability of the excavated section of tunnel during excavation,
the tunnel reinforcement structure including: a plurality of
reinforcements adapted to be forcedly inserted into the bored
holes formed along the outer surface of the section to Dbe
excavated in one direction or in both directions in such a

15 manner as to be arranged parallel to an excavation direction, so
as to safely control the displacement of the ground, each of the
reinforcements having a diameter in a range between 50 mm and
300 mm and a length in a range between 12 m to 40 m and the
interior of each reinforcement having cement milk injected

20 therein; a plurality of auxiliary reinforcements disposed
between the reinforcements from a point between 4 m and 8 m
inwardly from the ends of the reinforcements forcedly inserted
into the ground in such a manner as to be inclined by 8° to 12°

from an excavation face, 1f the total excavation length is



[ 13] According to thesent inventipreferably, the concrete part includes: a
wire nmesh or steel cage adapted to be 10 inserted between the adjacent
steel ribs; and shotcete or concrete adapted to be cast to the outside of
the wire nmesh or steel. cage, [ 14] Accordi ngthe present invention;
preferably, the ooncrete part conprises shotcrete in which steel fibers ae
contai ned? and the lining concrete nakes use of precast concrete.

[ 15] According to the present invention, preferably, post t- ribs are

further |nstal 0 sugport one side of centers of the st rlbs dlsposed
on thelBBEEOM" 6pIb6F Phe “8%c&Fati'th Tude °T§67&8 56 Gr élﬁta lihe ©
excavat ed ort|on of the 20 tunnel fron1o||ap5|nn1 [ 16] Accord|ng to

the préS8At FAVENnELBROSHY ePer Bbf yiNEfe Host (st%eelURYs AW SrefdfedOh t he
casting process of the |ining concrete, %l?lTo acconplish the above
object§ldaééor§ﬁﬁgstopﬁhéj§éc§ﬁ§a§§ﬁé@P of athe ptesentthfiverticon, "Ehére is
provided a tunnel contraction nmethod capable of controlling displacenent
usi ng pressaebzatfi ophso Jasune ekoavet ethhe expaveltionhe a upneralebonstfuct i on
met hod including the steps of: (a) forcedly.

5 pressurizing bags each provided between the steel ribs and the

excavated inner surface of the ground so as to recover the
displacement occurring through the excavation, the interior of
each pressurizing bag having cement milk injected thereinto; a
concrete part adapted to be cast between the steel ribs; and
10 lining concrete adapted to be cast to the steel ribs and the
inner surface of the concrete part, wherein the reinforcements
are forcedly inserted into the outer surface of the section to
be excavated on the ground in such a manner as to be spaced
apart from each other by a distance between a diameter of each
15 auxiliary reinforcement and 100 cm in a parallel direction to
the excavation direction of the tunnel or in an outward
direction of less than 10°.
[09] According to the present invention, preferably, the
steel ribs are steel beams.
20 [10] According to the present invention, preferably, each
of the pressurizing bags is made of any one selected from rubber,
nylon, polyester and dgeo-textile in which fiber reinforcements

are contained.



inserting .:::: plurality of it into the bored holes fornmed al ong the outer
surface of the section to be excavated of the tunnel in one direction or in
both directions, so as to safely control the displacenent of the ground,
each of the 10 reinforcenents having a dianmeter in a range between 50 mm
snot 300 mmand a length in a range between 12 mto 40 m (b) inlectina a
reinforcenment material to which cenent mlk is contained into the interior
of each reinforcenment; (c) nounting a plurality of face bolts on an

excavation f@ce i Rcadr&xeavabi @mel ki doad | Ofiv&a: iash,t Oppseyeil f,heeach
excavation face fromcollapsing O being displaced; (d.) excavating the

tunnel ; . e}nknstallsing - stgebabkbsaen 4 hengxcayat ad rakearfde thestannes ;
(3:1 nounting a pressurizing bag between the steel ribs and the excavated

inner surface ofy the funneb apd 4y echlng iceMentc MdK [ ihto- which 26he
pressuri zing bag to pressurize the pressurizing inserting a steel. cage

bet ween | 2CENL S, | . .rji bs and casting shotcrete to the steel. cage;
d
(h.) in%%@%??ﬂ%La pfiﬁgﬁ%f§eof auxi liary reinforcenents di sposed between

thefiginfor ntgcgrgg%ﬁquéngjgpt r%%hﬁqué§§ﬁ§§&§ai ¥€%é¥&bf$fﬁ%£gﬁ ends

of t rei r cement's cediy inse I n e around 1 n such manner as

to be inclipned -to 12.fromthe excavation face, if t C tien
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irdectin. reinforcenent material .into the auxiliary reinfaorcenents installed
& (1 an feps i

i ncl i ne 1§ SEHd (59 Ye"eeRE § SEQYCT ont® repast’Ediy Scarriedt until the
excavation is finished, casting Iining concrete tq the stgghr&hps apgethe
i nner surfabe®lof PRECEALRY r &Ce, tRthePEFACAE A SS(dpn Preterably,
concrete part includes: a wire mesh or steel cage adapted to be
10 inserted between the adjacent steel ribs; and shotcrete or
concrete adapted to be cast to the outside of the wire mesh or
steel cage.
[14] According to the present invention, preferably, the
concrete part comprises shotcrete in which steel fibers are
15 contained, and the lining concrete makes use of precast concrete.
[15] According to the present invention, preferably, post
steel ribs are further installed to support one side of centers
of the steel ribs disposed on the bottom and top of the
excavation face, so as to prevent the excavated portion of the
20 tunnel from collapsing.
[16] According to the present invention, preferably, the

post steel ribs are removed in the casting process of the lining

concrete.



the reinforcenents are forcedly inserted into the bored 10 hol es forned
al ong the outer surface of section to be excavated in such a nmariner as to
be spaced apart from each other by a distance between a dianeter of each
auxiliary reinforcenent and 100 cmin a parallel direction to the
excavation direction of the tunnel. 15[18] According to the present
i nvention, preferably, the face bolts are nounted spaced apart from one
anot her by a distance between | in and 2 [ 19] According to the present
i nvention, preferably, the step (e) further conprises the step of (e')
instal | i ngl20! st d8 FFEOTRFSH ndtPsl | 88OV sUPIPoTtS onécsPde-Bf déhtgp§ of
the steel ribs disposed on the bottom and top of the excavation face, so
as to PPEVEAt a¥Re@Excavat'étr porEFBATt of LY titinel tEeH dSl | BpSTHEED 2
[ 20] According to the present invention, preferably, at the time of the step
(j), thenpest stedlrudthonare ewbveddgebmient| £ONtT tlid ngasti iyl gBEESs of
the lining concrete or are renoved all ti! net the casting of the lining
concreteing proszljrisecordi mp tost he prasentte nvent tonnepr eftérablynnedf t er
the step (1), the steps (d) to (i) are repeatedly carried out until the
excavatbontrsctinonshedrfhp@2?2] Acconding t ohthe speesentofi:nveldt)i on;opreefler abl vy,
all of the steps are carried out in one direction or in both directions.
inserting a plurality of reinforcements into the bored holes
formed along the outer surface of the section to be excavated of
the tunnel 1in one direction or in both directions, so as to
safely control the displacement of the ground, each of the
10 reinforcements having a diameter in a range between 50 mm and
300 mm and a length in a range between 12 m to 40 m; (b)
injecting a reinforcement material in which cement milk is
contained into the interior of each reinforcement; (c) mounting
a plurality of face bolts on an excavation face in an excavation
15 direction so as to prevent the excavation face from collapsing
or being displaced; (d) excavating the tunnel; (e) installing
steel ribs on the excavated area of the tunnel; (£f) mounting a
pressurizing bag between the steel ribs and the excavated inner
surface of the tunnel and injecting cement milk into the
20 pressurizing bag to pressurize the pressurizing bag; {(g)
inserting a steel cage between the adjacent steel ribs and
casting shotcrete to the steel cage; (h) installing a plurality

of auxiliary reinforcements disposed between the reinforcements

from a point between 4 m and 8 m inwardly from the ends of the



1C) BRI EF DESCRI PTION OF THE DRAWNGS . - . . . . . . . The
above and ot her oblects, features and advantages of the present invention

will be apparent front the follow ng detailed description of the preferred
enbodi nents of the 15 invention in conjunction wth the acconpanying

drawi ngs, in which: [241FIG 1 is a front view shbwi ng a tunnel

rei nforcenment structurecapabl eof controllin-, dis7"placenentusing

pressuri zation according to the present invention,. [25]ITIG2 is a

per spect ver v emhshom i ke ibunngleFeidf amgenenhest gusdnd e igapabke of .
controlling displacenment using pressurization according to the present

inventign,nahigh £§ parthahkyegubyanayco 1bnStabhi Rgestaekvhtbsni Ratde
tunnel reinforcement structure according to the present invention, which is

partialhy GHL @WR¥i excavation length is longer than length of one or

two reinforcements; (i) injecting the reinforcement material

5 into the auxiliary reinforcements installed inclinedly; and (Jj)

after the steps (d) to (g) are repeatedly carried out until the

excavation is finished, casting 1lining concrete to the steel

ribs and the inner surface of the shotcrete, wherein at the step

(a) the reinforcements are forcedly inserted into the bored

10 holes formed along the outer surface of the section to be
excavated in such a manner as to be spaced apart from each other
by a distance between a diameter of each auxiliary reinforcement
and 100 cm in a parallel direction to the excavation direction
of the tunnel.

15 [18] According to the present invention, preferably, the
face bolts are mounted spaced apart from one another by a
distance between 1 m and 2 m.

[19] According to the present invention, preferably, the
step (e) further comprises the step of (e’) installing a post

20 steel rib tom installed to support one side of centers of the
steel ribs disposed on the bottom and top of the excavation face,

so as to prevent the excavated portion of the tunnel from

collapsing.



[27] FIG el is a perspective view show ng a process of 5injecting cenment
mlk into a pressurizing bag in the tunnel reinforcenent structure
according to the present invention, which is parti, Ly cut away; [ 28]
FIG5 is a perspective view showng a state wherein a steel cage is
inserted between the steel ribs in the tunnel 10 reinforcenent structure
according to the present invention, whichpartially cut away; [ 29]
FIGIi is a perspectiveshowing a state wherein shotcrete 18 cast to the
steel cage inserted into the steel ribs in the tunnel,forc nt structure
acco. rd: LnE#0t o PRECHFE8ENEC 151 nveRT N, 1RRFRH 9% gl YCUtata\Réf/‘;
[30] FIG7 is a flow chart showi ng a tunnel construction nethod capabl e of
connr o£11EngOdi sphace®EmP usiing préSsulicfat i 6t S&ccorfdiPig £6°t hé SBresent
i nvention; [31] F-11.3.8 ispere view showing steps 1 to 1 in 20
t he tunanebeobhsttuctinon-hret hodt aetoPdPAgs § o Ahe gt esent§ nFEREFBAS Which is
partially cut 3,

are removed all after the casting of the lining concrete.

5 [21] According to the present invention, preferably, after
the step (i), the steps (d) to (i) are repeatedly carried out
until the excavation is finished.

[22] According to the present invention, preferably, all of
the steps are carried out in one direction or in both directions.
10

BRIEF DESCRIPTION OF THE DRAWINGS

[23] The above and other objects, features and advantages
of the present invention will be apparent from the following
detailed description of the preferred embodiments of the

15 invention in conjunction with the accompanying drawings, in
which:

[24] FIG.1 is a front view showing a tunnel reinforcement
structure capable of controlling displacement using
pressurization according to the present invention;

20 [25] FIG.2 1s a perspective view showing the tunnel
reinforcement structure capable of controlling displacement
using pressurization according to the present invention, which

is partially cut away;

9



[82] FI0.9 is a perspective view showing a step 41 in the tunnel
construction nmethod according to the present invention, which is partially
cut away; [33] FIG 10 is a perspective view showi ng steps 4-2 and
4-3 in, the tunnel construction nmethod according to the present invention,
which is partially out away; [34] FIG11. is a front view show ng
the steps 4-2 and 4-3 5 in the tunnel construction nethod according to the
present invention; [35] FIG 12 is a perspective view showi ng the

step 4-3 in[2de teunaek cosstd ugkiraperel PO AGLOr dhRgihg tde gresenrt of
invention, which is partially cut away; 10[36]FIG 13 1s a perspective view

showi ng;asshat enyhes@id t hepst epn4-dhd s ti.apeat edd yn perdakdmd. sikputbgrtunnel
construction nmethod according to the present invention, which. is partially

cat awayccording to [t?i‘?d iﬁle%enjt‘l iin%eﬁtﬁ?@ﬁ,spﬁl@l&l’{eiélig%’%tﬁ@qugu% §€d§§/,e
wherein 15 the Steps 4-Z2 to 4-4 are repeatedly perfornmed in the tunnel

const ruct i o, ipt hedoagoor ding Lo, Lhecpresent; dnventl,on, ubi ol s parpkal ly

cut away; a perspective view g a state

wh in.th -4 is fipjsh i h DG t ti th
pdEgRERV] 2 T TR e M L S R AR R A L C R
FIGit is.aﬁgers ective vi Wshowingr .State wherein,. the St?%véh LS

fini sheG@  'n°the rllfﬁneslecrcuocns "Fucticon et fod accordi r?gretsoentthe pr esgril{m’
I nvention, Mhigh 18 partl ally Sutl avay:

[28] FIG.5 is a perspective view showing a state wherein a

steel cage 1is inserted between the steel ribs in the tunnel
10 reinforcement structure according to the present invention,
which is partially cut away;

[29] FIG.6 1is a perspective view showing a state wherein
shotcrete is cast to the steel cage inserted into the steel ribs
in the tunnel reinforcement structure according to the present

15 invention, which is partially cut away:;

[30] FIG.7 is a flow chart showing a tunnel construction
method capable of controlling displacement using pressurization
according to the present invention;

[31] FIG.8 1is a perspective view showing steps 1 to 3 in

20 the tunnel construction method according to the present
invention, which is partially cut away;

[32] FIG.9 is a perspective view showing a step 4-1 in the

tunnel construction method according to the present invention,

which is partially cut away:

10



[40] FIG 17 is a front view showng a state wherein the step 4-5 is
finished in the tunnel construction nmethod according to the present

i nvention; [41] FIG 18 is a perspective view showing a state wherein
5 tunnel constructi nis finished in the tunnel construction nethod
according to the -,resent invention, which is partially cut away; and

[42] FIG 19 is a. front view show ng a state wherein the tunnel
construction 13 finished in the tunnel construction 10 method according to
t he present invention., DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
[43] Herei h3#1 er FafeXpl anati BR6APRGE Lhel 1 $8i HIUFCEEIeESt fudt GPe dnd a
tunnel construction nethod capable 15 of controlling displacenment using
pressuinzatfon @EEIdi FGNE6THRE LR esEREN v RGOSR IRAI | The HiE dEF&ISENGi ven

with reference to the attached drawi ng. [Configuration of the invention]
invention, which is partially cut away;

[34] FIG.11 is a front view showing the steps 4-2 and 4-3

in the tunnel construction method according to the present

wn

invention;

[35] FIG.12 is a perspective view showing the step 4-3 in
the tunnel construction method according to the present
invention, which is partially cut away:;

10 [36] FIG.13 1s a perspective view showing a state wherein
the step 4-1 is repeatedly performed in the tunnel construction
method according to the present invention, which is partially
cut away;

[37] FIG.14 is a perspective view showing a state wherein

15 the steps 4-2 to 4-4 are repeatedly performed in the tunnel
construction method according to the present invention, which is
partially cut away;

[38] FIG.15 is a perspective view showing a state wherein
the step 4-4 1is finished in the tunnel construction method

20 according to the present invention, which is partially cut away;

[39] FIG.16 is a perspective view showing a state wherein
the step 4-5 1is finished in the tunnel construction method

according to the present invention, which is partially cut away:

11



[44] FIG 1 is a front view show ng the tunnel reinforcenent 20 structure
capabl e of controlling displacenent using pressurization according to the
prese t invention, FFG 2 is a perspective view show ng the tunnel

rei nforcenent structure capable of controlling displacenent using
pressurization according to the present invention, which is partially cut
away, and FIG .3 is a perspective view show ng a process of installing
steel ribs in the tunnel reinforcenent structure according to the present
invention, parch kscpartlisaldyredhrawayw $4Slids shewaten dHkGHOnl and 2,
the tunnel reinfbrcenment 6 structure capable of controlling displacenent
using pressuiizaiiopi ACEOLEI NY 19 t hgnUeseis tmvenbhomeckabaehbychpgitiges
rei nforcenents 100, steel ribs 300" pressurizing bags 400, and a concrete

part and,liplng concretg £Q9,,,[;46] According to the present.the
reinforcenents 10 100 axe adapted to safely excavate the tunnel, while

controlling di.spl agenent urj. t vat | in
IS, 2 and W1 e For of of Corente. 00 are 1areed s gers ed 1nt o fhe bor ed
hol fgrggglahQW%égﬁ%éﬁgpri%ur%gﬁ?sﬂgdaniﬁxc %Qt% nf%cec%RSEQupgion .
excavat 68" such a manner as to be arranged 15 para 6 t0 an. excavation.
direction, Each of the reinforcenents 100 nmakes use of. steel _pi Vi ng
a. di amBeERoTnagC°rgnge Eﬁimg%% B6im and "360 “am an gﬁ‘?bnbﬁhpﬁgkgg%g ge
between 12 mto 40 Al so, the reinforcenents 1.00 are arranged spaced
apart f?Bﬁ1%%%yéﬁHFﬂLr by a di stance between 0 cmand 100 cm al ong the 20
vertical section of the excavation face 20 on the outer surface of the
required exE4®hti BACséet it6n & nTSGBEI HevhafMIFiHE £o 5é &r rdHySd Dalaf | el
to the excavation direction of the tunnel. At this tinme, the interior of
each refwRe?ten®tits BOT LN i [Hsed fwPEANEAr ei if orte et Oivdt eFPAF RAGHAG!
cenent mlk contained therein so as to inprove the stiffness of the

r ei ¥if or vemepd agEPidieng to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[431] Hereinafter, an explanation on the tunnel
reinforcement structure and a tunnel construction method capable
15 of controlling displacement using pressurization according to
the present invention will be in detail given with reference to
the attached drawing.
[Configuration of the invention]
[44] FIG.1l is a front view showing the tunnel reinforcement
20 structure capable of controlling displacement using
pressurization according to the present invention, FIG.2 is a
perspective view showing the tunnel reinforcement structure
capable of controlling displacement using pressurization

according to the present invention, which is partially cut away,
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surroundi ng. ground. 12'.lso, the excavation face 20 of the tunnel has
facelts 200, soil nails, or snail-dianmeter reinforcenents additionally
mount ed thereon so as to prevent falling forward, [47] Further, i the
| ength of the tunnel is longer than the I ength of one or two reinforcenents
100, auxiliary reinforcenents 100" are additionally di sposed between the
respec .ive reinforcenents 100 froma point between 4 mand 8 minwardly
fromthe ends of the reinforcenents 100 in such a 10 manner as toinclined
by 8 to 12' from the excavation face 20. The | engths and di anmeters of the
aaxi | i aP§ FélnPorerfe PROPP4te VEhe 1$ahe hey 1R & 1S Cerftnt 95160, 1 1&Ad i n
the same manner as above, the interior of each auxiliary reinforcenent: 100
is filkédew ths réi nftoec diehte Imnt et &P rCeies/i hgSEeneht s o PRC25EdRt athed.
therein. As the reinforcenents 100 and. the auxiliary reinforcenents 100
are m saki gnedetd omecahbttherwhildike st wiagtighéy fesistayhe external forces
applied in a vertical or horizontal direction external forces locally
gener at ed, [40f i ngsexslavat i on, BEAN | aheégral body twinhk le achi rotdrerementter eby
20 inproving the stability in the excavation. [48] If the |ength of
t hest usneliccareesporndsatdie t heolfengttontrolling displacement using
pressurization according to the present invention largely
includes reinforcements 100, steel ribs 300, pressurizing bags
400, and a concrete part and lining concrete 700.
[46] According to the present invention, the reinforcements
10 100 are adapted to safely excavate the tunnel, while controlling
the displacement occurring during the excavation. As shown in
FIGS.2 and 3, the reinforcements 100 are forcedly inserted into
the bored holes formed along the outer surface of an excavation
face 20 to be excavated in such a manner as to be arranged
15 parallel to an excavation direction. Each of the reinforcements
100 makes use of a steel pipe having a diameter in a range
between 50 mm and 300 mm and a length in a range between 12 m to
40 m. Also, the reinforcements 100 are arranged spaced apart
from one another by a distance between 0 cm and 100 cm along the
20 vertical section of the excavation face 20 on the outer surface
of the reguired excavation section in such a manner as to be
arranged parallel to the excavation direction of the tunnel. At

this time, the interior of each reinforcement 100 is filled with

a reinforcement material having cement milk contained therein so

13



of one or two reinforcenments 100, however, there is no need For the inst
-laiof the au diary reinforcenents 100'. to 3, the steel ribs 300 are

di sposed on the four faces of the excavaticc face 20 of the tunnel, that is
on the inner both sides, bottom and top of the excavation face 20 so as to
H5 maintain the shapc, of the section of the excavation face 20 excavat ed.
The steel ribs 300 are arranged spaced apart from one another by a distance
bet ween 50 cm and 100 cm on the excavation. face 20 of the tunnel. The

steel ribs 300 ;npke,se @k steekrhébs ke e beans havbpansnabher the
stiffness than in conventional steel pipes, and alternatively, they may

make us&lﬁotﬁ#cg%lgt ﬁj.e T damag a sl | ef di aneeredhanexisting targe st eel

pi pes except eans, so, the steel ribs 300 nay be at a tine

diSposegagf#ae(ge t%}gﬁgﬁ?ﬁ,hh@osilb B Cao\]{rgts%rgaoll?r—giga Liernatiyebyeehdier s

processes of ins e steel ribs e repeatedly perforned
whenever .t he excavation.face, 20 IS C gi .dis LN

accor dahte '?%%¥1Wu¥quﬁgfglﬁg ron. gév?%i%ﬁgﬁgﬁéathéﬁéﬁéﬂh %$P§%5&'
excavati on e 20 and the,quality of the soi]. en consi dering the

i nstoal | at i ogﬁénvi '?%Jﬁﬂé%’s, lghgk}\ﬁi d t?fé !‘éﬁ?:a 59?8; flastcglozrtﬂeqfantgmt‘rhe 20
quality of the soil, on the other hand, if %here is a Qﬁﬁggr mherfin an
excavat B pot EROh of Xt h€™FunrEl  cor'? apSes™ PoST St del s 380%are* ¥rt her
installed to support one gides of centers of the steel ribs 300 di sposed.
on the BRI ERENY G of0the @5&avatfoh P2kl L0, IAFRITHY SUPPETST 1. MY t he
steel ribs 300 disposed on the top of the excavation face 20. The post
steel ri¥®EPBHO Ik LRl BTesEd s hdj%efwrbe%ln@%%tb%F‘ée%rhe‘lsg}rréméés He
steel ribs 300. The post steel ribs 350 may still exist or may be renoved
in the tastidly pfocasstiv thesl i af ngheontrereoroones-swi LPObel i $8G8set
|ater in accorc Ince wiufl the use environnents of the ground or tunnel
under thenmgiwvens stoubturieclEngli4bys &8 par shett fvan vilesy showvigl abcface

20. The lengths and diameters of the auxiliary reinforcements
100’ are the same as the reinforcements 100, and in the same
manner as above, the interior of each auxiliary reinforcement
100’ is filled with a reinforcement material having cement milk
15 contained therein. As the reinforcements 100 and the auxiliary
reinforcements 100’ are misaligned to one another, 1like this,
they resist the external forces applied in a vertical or
horizontal direction and the external forces locally generated,
during excavation, as an integral body with each other, thereby

20 improving the stability in the excavation.
[48] If the length of the tunnel corresponds to the length
of one or two reinforcements 100, however, there is no need for

the installation of the auxiliary reinforcements 100’.
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process pouring cenent mlk into a. pressurizing hag in the tunnel
reinforcenent structure according to the present invention, 10 which is
partially cut away. According to the present invention, of the
pressuri zing bags 400 is provided between the steel ribs 300 and the
excavated inner surfa c of the ground so as to recover the displacenent of
t he excavation tace 20 occurring through the excavation. The pressuri zi ng
bag 400 may be inserted between the outer surfaces of the steel ribs 300
and the excavated inner surface after the steel rips 300 have been

instal | ed, [&RH aPreprdinvelry, the Ra§SBeti MRTAFHEW 1 cfetHerwiltth &live -3t eel .
ri bs 300, while being attached to the flange portions of the steel 300 by
means 6P fastiéwerst oo adhesi e s@igpoasdt ot erhanéeurt $2aefabhi nge
force.As shown in FIG 4, the interior of the pressurizing bag 400 is

fill edewcehateaentfamiel k@ndf prréssurirzed bythelns sef cenemt AnhRTi Bjogdt i on
devi ces 800. The pressurizing bag 400 may nmake use of one selected from
nyl on, spokyestiert and geodt extw | @ feathe havvigry dtine t Essees?® hsoughs whioch 16
wat er di scharged in the hardening process of the cenent easily flows and

t hes cemnhtpant ittleessaspe natt penet rsatced onandf alcher natdcareltyion t famy make use
of rubber naving an exhaust pipe fornmed thereon, in which fiber

rei nf oegeraentsdar e mant atved, rThe poessid zhAgandag. sp@behasparshapenof a
nag whose inside 1,g enpty and inlets forred on one side thereof, into

whi ch the cei@Mem bk is injseched. betweed 53p ldnmt hadcenent o | kni she
injected. into the pressuring bag 400, at this tine, the internal pressure

of the pressHibgi RIcRa80 of the tunnel. The steel ribs 300 make use

of steel ribs 1like H-beams having smaller stiffness than

10 conventional steel pipes, and alternatively, they may make use

of steel pipes having a smaller diameter than existing large

steel pipes except for the H-beams. Also, the steel ribs 300

may be at a time disposed after the tunnel has been excavated,

and alternatively, the processes of installing the steel ribs

15 300 may be repeatedly performed whenever the excavation face 20

is excavated by a given distance 1in accordance with the

installation environments, the width of the excavation face 20

and the quality of the soil. When considering the installation

environments, the width of the excavation face 20, and the

20 quality of the soil, on the other hand, if there is a danger

wherein an excavated portion of the tunnel collapses, post steel

ribs 350 are further installed to support one sides of centers

of the steel ribs 300 disposed on the bottom and top of the

excavation face 20, thereby supporting the steel ribs 300

15



10 400 becones gradually increased. The size of the internel. pressure

t hereof corresponds to the size of the outward expansion of the inner
surface of the tunnel with the repulsive force of the steel ribs 300. The
internal pressure may he varied in accordance with the stiffness of an
excavation ground height of the soil cover on the top of. the tunnel, and
the all owance | oad of the steel ribs 300. Further, the pressurizing bag 400
is pressurized within the range wherein the addition of the ground | oad and

the pr e_§§§%5@>§écﬁlgof10rt96 QeeuUIgH Nthd heughndile adwancenentTiod tbher faeecof the
tunnel is less than 20 the all owance | oad of the steel ribs 300. [ 52]

Accor di pgpE03thenpresent b AviedHhOom i the; GaNGILte Rakkcl $1608RASEHsOthe
wire mesh or steel cage 500 adapted to be inserted between the adjacent

st eel rgp§e§09iﬁgd3§69tC&ﬁgep@gg s@Ee§t?§bsC§9§ 599'still exist or may

be removed in the casting process of the lining concrete 700 as
5 will be discussed later in accordance with the use environments
of the ground or tunnel under the given structure.

[50] FIG.4 1is a perspective view showing a process of
pouring cement milk into a pressurizing bag in the tunnel
reinforcement structure according to the present invention,

10 which is partially cut away. According to the present invention,
each of the pressurizing bags 400 is provided between the steel
ribs 300 and the excavated inner surface of the ground so as to
recover the displacement of the excavation face 20 occurring
through the excavation. The ©pressurizing bag 400 may be

15 inserted between the outer surfaces of the steel ribs 300 and
the excavated inner surface after the steel ribs 300 have been
installed, and alternatively, it may be installed together with
the steel ribs 300, while being attached to the flange portions
of the steel ribs 300 by means of fastener tape or adhesive so

20 as to enhance its attaching force. As shown in FIG.4, the
interior of the pressurizing bag 400 is filled with cement milk
and pressurized by means of cement milk injection devices 800.
The pressurizing bag 400 may make use of one selected from nylon,

polyester and geo-textile each having fine tissues through which

16



[53] FIG5 is a perspective view showing a state wherein a steel cage is
inserted between the steel ribs in the tunnel reinforcenent structure
according to the present invention, which is partially cut away. The
st eel 500 of the present invention or the wire nmesh is inserted between the
adj acent steel ribs 300, as shown. [54] FIG 6 is a perspective view
showi ng- a state wherein 10 shotcrete is cast to the steel cage inserted
into the steel ribs in the tunnel reinforcenment structure according to the
present invention, which is partially cut away. As shown in FIG 6, the
shot cr @ﬁéeao@qs@éﬁ?dbyna Hed gt r &t e I%JE%@FS&N BT 36Dt & MRS CpGsistilan
where the steel cage 500 is inserted by means of a 15 shotcrete castin.g
devi ccf1906. lamst eadieof tHecwastPagtbtlehe shot crefe 600 Heweder, 2ol d
may be installed to cast concrete thereto in accordance with constructlon
site skatesnandvehst altankgnmesadiusieorns. rubber havinpssn Asdenditng it t he
present invention, further, the 20 concrete part may include the shotcrete
600 i nfuhinel stieefedri beds arelcontfdiored adapte@dbenceA drto seducedche
installation time thereof, ereby renmoving the process of installing the
steel cage HQGsarithagwoag mesh lans achihepengft he shgpkihbseatinendef itshe
procedure of the construction, 18
empty and inlets formed on one side thereof, into which the
cement milk is injected.
[51] If the cement milk is injected into the pressuring bag
400, at this time, the internal pressure of the pressurizing bag
10 400 becomes gradually increased. The size of the internal
pressure thereof corresponds to the size of the outward
expansion of the inner surface of the tunnel with the repulsive
force of the steel ribs 300. The internal pressure may be
varied in accordance with the stiffness of an excavation ground
15 10, the height of the soil cover on the top of the tunnel, and
the allowance 1load of the steel ribs 300. Further, the
pressurizing bag 400 is pressurized within the range wherein the
addition of the ground load and the pressurizing force occurring
through the advancement of the face of the tunnel is less than
20 the allowance load of the steel ribs 300.
[52] According to the present invention, the concrete part

is composed of a wire mesh or steel cage 500 adapted to be

inserted between the adjacent steel ribs 300 and shotcrete 600
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[ 56] Accorrling to the present invention,the lining concrete 700 is cast to
the steel. ribs 300 and the inside of the shotcrete 600 cast between the
steel ribs 300, if the post steel ribs 350 are installed, at this tinme, the
lining concrete 700 is cast to the outer surfaces of the post steel ribs
350 or cast only to the steel ribs 300 and the inside of the shotcrete 600
after the renoval of the post steel ribs 350 in accordance with the use
patterns of the ground or tunnel under the given structure. 10[57] The

l'ining gpnergtec¥f0abspdesi kabby rephaced wid hopI£iGRStoLONES eifre mesh
manufactured in a factory seas to reduce a construction cost and a period

of construgtion. Lfe oy se, the lining concrete 700 may be directly cast
in the construction site in consideration of the construction site states,
15[ Const ruct4on @5@9@1%5@] EbCsplcteya flow chaninghowipged. whupael &
construction nethod capabl e control i ng di splacenent using

pressuré&s&i%ag%gogit N95kQ:bhe MIERRAL LAvenklon, Fila 8. he dderapect!ve

vi ew show ng st in the tunnel construction nethod acc ing 20 to
t he present .i nvention, which_is rtially cuta . G 9 j .
perégecf?%%f%?%ﬁﬁ%ﬁﬁww%ﬁf%gi%ﬁgp §EEEF§1?%e %nﬁ%*écéﬁggﬁgktigﬂbgg hod’
according.to the prese i nvention, ich is Partial cut. away. _of. the
displac@ﬁ%ﬁ? bﬁcagF?hﬁf%%r?%b %&%%Var?%ﬁ,SggeghSQ%ei%ggnﬂé.yﬁ?o¥§?sent
reinforcenents 100 are forcedly i sented.intqu%ge bgred hal es fgrned al ong
the out ePVERFFAee 9Gf &RC exCdFat Tom’ f dfe 20°%0 BEYVERed 15, 28dehS
mariner as to be arranged parallel to an excavation direction (at step
S100). Atethi 518 mt?Oedch SEAf or cenent 100 makes use of a steel pipe
having a diameter in a range between 50 nmand 300 mmand a length in a
range betwebP?l 12FAFt® 46 M BABSPECHEYS nHkevuseoping st eefabeaiereLn
necessary.

10 szotcrete is cast to the steel cage inserted into the steel ribs

in the tunnel reinforcement structure according to the present

invention, which is partially cut away. As shown in FIG.6, the

shotcrete 600 is cast by a height of the steel rib 300 to the

position where the steel cage 500 is inserted by means of a

15 shotcrete casting device 900. Instead of the casting of the

shotcrete 600, however, a mold may be installed to cast concrete

thereto in accordance with <construction site states and
installation conditions.

[55] According to the present invention, further, the

20 concrete part may include the shotcrete 600 in which steel

fibers are contained adapted to be cast to reduce the

installation time thereof, thereby removing the process of

installing the steel cage 500 or the wire mesh and achieving the

simplification of the procedure of the construction.
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10 Also, the reinforcenents 100 are arranged spaced apart from one anot her
by a distance between. 0 cm and 100 cmalong the vertical section of the
excavation. face 20 on the outer surface of the enu red excavation section
in such a. manner as to , ar.ranged parallel to the excavation direction of
the tunnel. As a result, 13 the reinforcenents 100 resist the external
forces applied in a vertical or horizontal direction and the external
forces locally generated, durin(d excavation, as an int egr al body with each
ot her, thereby inproving the stability in the excavation (60] Next, .the
interior of5§ﬁchAﬂ§Pﬁfié%en§ﬁt 190° f o EREUFY" 201PHERF &) ar 60Rd tHEINT
excavation face 20 is filled with a. reinforcenent material having cenent

m | k cepnaraed ¥ABrefncadt aso t B¢ npreve THeS stqG faessSIot itie dreeiodf f€enent
100 (at step [61l1lAfter that, as shown in FiGS,8 and 0, soar to prevent the
excavashohctate X0 rmﬁtobba]@sﬁnutdlﬁlﬁ‘ge@heréi@éav%ﬁ(ion off t heet PeAeél

face bolts 200 each having a. lenith of about 12 mare installed on the
excavastienlf aces2050n agechinataaird;, as$ ttdise tameangée pdralndelcansrehe
excavation direction of the tunnel. ;at step S300). At this tine, the face
bolts 200 awre carstangedhepaced rapaittakbeemodgnehangiolser styeed. rdibst 3€eoaf | in
to 2 mor the excavation face 20 so as to prevent the excavation face 20
from f abkikngnflgr war dndursitrg 1t he bex Gavatanen, thas itrie deace bold ssi20Qrk@ear e
installed on the front surface of the excavation face 20, they support the
soi |l imghde rthe extavationif ace 20 apdsprevent thessaish firoradadddange
forward, [62] FIG9 is a. perspective view showing the step 4-1 in
the tUWl‘%h Gopstrict hop: apthodracer ding A0 dhecpresentindsr ichventiven,
which is partially cut away. As shown. in FIG 9, the excavation face 20 is
excavated t.o, g cdepth of SO cmto 100 cmon. an excavation ground 10 so as
to excavate the tunnel (at step 5410). If the excavation face 20 is

excavat ed y. I'l;aps i first
xEdvat od 1978 20 epth P whT B St B0 51 bs 300 S I BeTar esteced ) at er

can beplnStgkl%gﬁmxete manufactured in a factory so as to reduce a

construction cost and a period of construction. Of course, the
lining concrete 700 may be directly cast in the construction
site in consideration of the construction site states.

15 [Construction method]

[58] FIG.7 is a flow chart showing a tunnel construction
method capable of controlling displacement using pressurization
according to the present invention, FIG.8 is a perspective view
showing steps 1 to 3 in the tunnel construction method according

20 to the present invention, which is partially cut away, and FIG.9
is a perspective view showing a step 4-1 1in the tunnel
construction method according to the present invention, which is

partially cut away.

19



[63] FTC. 10 is a perspective view showi ng steps 4-2 and 4-3 in the tunnel
construction nmethod. according to tha prnsent invention, which is partially
cut away, and FIG 11 is a front view showing the steps 4-2 and 4-3 in the
tunnel construction nethod according to the present invention. The steel
ribs 300 are disposed on the '"inS of the excavation face 20 of the tunnel,
that is, on the inner both sides, bottom and top of the excavation face 20
so as to maintain the shape of the section of the excavation face 20

excavated bysdhe depth eb 3Qremyt @xt8Qaem ahestepnSA2QhdcWencCenstderi the
installation environnents, the width of the excavation face 20, and the

qual i ty,ef dthe §ok la@émérm SobkBreny s dirdangeLxyeleidh t hesstgelunribs 300
col | apse, the steel ribs 300 installed on the top of the tunnel should be

suppor t gdlgs Thus,) St Lsél‘?ﬁﬂoxfce%n%@o 1308 S LAerd St af | &d-d 0y spppor trone

side of centers of the steel ribs 300 di sposed on the bottomand top of the

tunnel ’bég&g x@%ﬂé%dgcﬁhﬂ‘%#i‘fo ”cgneé Qled %uf‘r%'ac%pégo n‘g@l?ﬁ%%‘fgn ELDs 300

(at step is C the ste ribs e post steel

ribs. 35 ke use of s I msllke H- be 64] Fl 12| ctive
Vi evs\fl’ sh%wngg Pﬁe scava&[%§ theast unneal Tons I?un% |%n ﬂr’n&*t%1 “a cor Fggi %fth

Present. . an excavation direction (at step S5100). At this time, each

reinforcement 100 makes use of a steel pipe having a diameter in

a range between 50 mm and 300 mm and a length in a range between

12 m to 40 m, and it may make use of a steel beam, if necessary.

10 Also, the reinforcements 100 are arranged spaced apart from one

another by a distance between 0 cm and 100 cm along the vertical

section of the excavation face 20 on the outer surface of the

required excavation section in such a manner as to be arranged

parallel to the excavation direction of the tunnel. As a result,

15 the reinforcements 100 resist the external forces applied in a

vertical or horizontal direction and the external forces locally

generated, during excavation, as an integral body with each
other, thereby improving the stability in the excavation.

[60] Next, the interior of each reinforcement 100 forcedly

20 inserted around the excavation face 20 1is filled with a

reinforcement material having cement milk contained therein so

as to improve the stiffness of the reinforcement 100 (at step

5200) .
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invention, which is partially cut away. As shown in FIGS. 10 to 20 12,
pressuri zi ng bags 400 are each provi ded between the steel ribs 300 and the
excavated inner surface of the tunnel so as to ver the displacement of the
excavation face 20 occurring through the ex.cavai Lon, and as shown in FIG
12, the interior of reinforcement material by means of cement milk
i niection devices 800 and is thus pressurized (at step 5430). At this tineg,
the pressurlzlng bag 400 is inserted between the outer surfaces of the
steel ribs 300 and the excavated inner surface after the 5 steel ribs 300
have been [#klal Péderandaal t@f ndteowel i TiCThe) BE i*hstsal 1°6d ToFeEHERtwi t h
the steel ribs 300, while being attached to the flange portions of the
steel Fhbse300Vbyineanscof 2Pastrenerciapesondadiesinvets6 & CPFTAEARANECE its
attaching force. The material and shape of the pressurizing bag 400 have
been 10hal ready lexdlaaiengeh Mist 2 G@ef @rencbavony6s] Ilfenghe ceemowt | k2i g
injected into the pressuring bag 400, at this tinme, the internal pressure
or theapeessuridiing bag t4@0 checomes ogr ddual 120 iincreaseda Mhensizesofot he
i nt er nal
5 be arranged parallel to the excavation direction of the tunnel
(at step S300). At this time, the face bolts 200 are arranged
spaced apart from one another by a distance of 1 m to 2 m on the
excavation face 20 so as to prevent the excavation face 20 from
falling forward during the excavation. As the face bolts 200
10 are installed on the front surface of the excavation face 20,
they support the soil inside the excavation face 20 and prevent
the soil from falling forward.
[62] FIG.9 is a perspective view showing the step 4-1 in
the tunnel construction method according to the present
15 invention, which is partially cut away. As shown in FIG.9, the
excavation face 20 is excavated to a depth of 50 cm to 100 cm on
an excavation ground 10 so as to excavate the tunnel (at step
S410) . If the excavation face 20 is excavated tco deeply at a
time, it may collapse, and therefore, it is first excavated by a
20 depth in which steel ribs 300 as will be discussed later can be
installed.
[63] FIG.10 is a perspective view showing steps 4-2 and 4-3

in the tunnel construction method according to the present

invention, which is partially cut away, and FIG.1ll is a front
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pressure thereof corresponds to the size of the outward 15 expansi on of the
i nner surface of the tunnel with the repul sive force of the steel ribs 300,
The internal pressure may be varied In accordance with the stiffness of an

excavation ground |l e, the height of the soil cover on the top of the tunnel
and the allowance | oad of the steel ribs 300. Further, the 20 pressurizing

bag 400 is pressurized within the range wherein the addition of the ground

| oad and the pressurizing force occurring through the advancenent of the

face of ;tbg tusnehyl Stﬂees§té;§?n41@eaﬁhl owance, | gad efinhbe sbeekruibpsos00.
The pressurizing bag. 400 i s dewatered by dischargi ng water through the

fabric pi %&&Saccord ng to th%s'-ﬂ'r'ezs'e'ﬁg bag,4QQonand @afd ef+ dde 9%\@1 epbng,
cement , itives an a small anopunt of water remain inside t

pr essur i ging. by, 490, NexL, ebhey cate. cut ednandxhardenad. -and the. opatfened

cement I's un he pressurizing force occurrlng etmeen st ee s 300

and the excai/at%g i nner sur{ﬁé:elﬁ‘]ert Q)oth I f‘o'o%?o i fn gcghgr ator, as

addltlve5|s ’useda the' wat ef  of e cenment™ ' m i redi
pressuri zin 0 is, dischar e to the o Sld and raﬂed cur

b 4 i
carri ed®dut’¢ ‘bf et Weer’ Os%eacso “hd' e ﬁut apfof& FG> f |grsl|§1f

perspect|ve V|eM/shomn a at e wherej ste S repeated f or med
in the HiSnRgFavebhdt r ??(éﬁrﬁﬁqﬁﬁfzﬁgc WdFﬁﬁ th N ggeﬁ? lc%én@ghti:%n
which is gartlall cut away. As shown in FIG 13, next the rear side of
the exca® tFBﬁpfé%%OQO oWhﬁﬁlEﬂn§+ﬁﬁﬁﬁ%ﬁﬂt9?tﬁ??ﬂﬁ}%%ﬁ%oPn§PXFF88mF§ti5
excavated again to a depth between 50 cm and 100 cm (at step 5410). [67] 14
is a peEBpediivle Qfeﬁb%h%%ﬁ%ﬁﬁ%%Qﬁzﬁ%9QM%94ﬂ%¥ql%?esﬂéﬁélEYZOfotﬁe4saF%f
repea tedly periorued. in the tunnel construction nmethod according to the
present aE nBABI drimewhildh F8ed par di glangesutdigp inafdeFlgeals F50g 300

per spective view showi ng a
10 collapse, the steel ribs 300 installed on the top of the tunnel

should be supported. Thus, post steel ribs 350 are further
installed to support one side of centers of the steel ribs 300
disposed on the bottom and top of the tunnel, thereby reducing
the danger of the collapse of the steel ribs 300 (at step S5420').

15 In this case, the steel ribs 300 and the post steel ribs 350
make use of steel beams like H-beams.

[64] FIG.12 1is a perspective view showing the step 4-3 in
the tunnel construction method according to the present
invention, which is partially cut away. As shown in FIGS. 10 to

20 12, pressurizing bags 400 are each provided between the steel
ribs 300 and the excavated inner surface of the tunnel so as to
recover the displacement of the excavation face 20 occurring
through the excavation, and as shown in FIG.12, the interior of

each pressurizing bag 400 is filled with cement milk as a
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state wherein the step 4-4 iS finished in the tunnel

co struc'-ion method

according to the )resent invention, which is partially out away.As shown in
FIG 14, the steel. rib 420)bag installation stepsand the pressurizing ):.:

cage 500 is inserted between the adjacent steel
Fi C.15, shotcrete 600 is cast by a height of the steel ,.-::b 300 to the
position where the steel cage 500 is S. inserted by neans of a shotcrete

ri bs 300, and, as shown.

In

casting device 900 (at step 0440). (68] Next, the above-nenti oned excavation

step (step 0410) to the shotcrete casting ste st 0440) .are
caxri ededufouperona Bepthtwhereifrihe Q%n%ﬁl?ﬁ’ﬁtg(lﬁ”eﬁgtlﬁ‘sj qr

(67]

10

15

20

e

800 and is thus pressurized (at step S430). At this time, the
pressurizing bag 400 is inserted between the outer surfaces of
the steel ribs 300 and the excavated inner surface after the
steel ribs 300 have been installed, and alternatively, it may be
installed together with the steel ribs 300, while being attached
to the flange portions of the steel ribs 300 by means of
fastener tape or adhesive so as to enhance its attaching force.
The material and shape of the pressurizing bag 400 have Dbeen
already explained with reference to FIG.4.

[65] If the cement milk is injected into the pressuring bag
400, at this time, the internal pressure of the pressurizing bag
400 becomes gradually increased. The size of the internal
pressure thereof corresponds to the size of the outward
expansion of the inner surface of the tunnel with the repulsive
force of the steel ribs 300. The internal pressure may be
varied in accordance with the stiffness of an excavation ground
10, the height of the soil cover on the top of the tunnel and
the allowance load of the steel ribs 300. Further, the
pressurizing bag 400 is pressurized within the range wherein the
addition of the ground load and the pressurizing force occurring
through the advancement of the face of the tunnel is less than
the allowance load of the steel ribs 300. The pressurizing bag

400 is dewatered by discharging water through the fabric tissues
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10 reinforcenents 100 are between 4 in and 8w. Also, it is checked. whether
the remaining |l engths of the front bolts 200 are less than 4 mor not- If
the remaining I engths of the face bolts 200 are nore than 4 m the
excavation step Kstep 3410) is restarted, and contrarily, if they are |ess
than 4 m the face bolt 15installation step (step 2300) is restarted_
[69]FIG 16 is a perspective view showing a state wherein the step 4-5is
finished in the tunnel. construction nethod according to the present

inventign, tWai ghrdssuRartingl ldaCuto@Waynd apac & Gedd bewacbEORY, Viemeshovi ng
a state wherein the step 4-5 20 is finished in the tunnel construction

method aggordipg tondhespresent ifwantd onr | fiuddhe totalsgxcayatjon Lgoagth
is longer than. length of one or two reinforcenments 100, as shown in

Che FoipEuNthLsb g SLaboneRTenL Rp0 Cace a0 o ol FResEtha ebteer
the hardened cement 1i1s under the pressurizing force occurring
5 between the steel ribs 300 and the excavated inner surface of
the tunnel. Also, 1if accelerator as additives 1s used, the
water of the cement milk filled into the pressurizing bag 400 is
discharged to the outside and rapid curing is carried out for
between 30 seconds and one minute.

10 [66] FIG.13 1is a perspective view showing a state wherein
the step 4-1 is repeatedly performed in the tunnel construction
method according to the present invention, which is partially
cut away. As shown in FIG.13, next, the rear side of the
excavation face 20 on which the steel ribs 300 are installed 1is

15 excavated again to a depth between 50 cm and 100 cm (at step
S5410) .

[67] FIG.14 is a perspective view showing a state wherein
the steps 4-2 to 4-4 are repeatedly performed in the tunnel
construction method according to the present invention, which is

20 partially cut away, and FIG.l15 is a perspective view showing a
state wherein the step 4-4 is finished in the tunnel
construction method according to the present invention, which is
partially cut away. As shown in FIG.14, the steel rib

installation step (step 420) and the pressurizing bag
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inwardly fromthe ends of the initially punched and inserted reinforcenents
100 in such a manner as to be inclined by 8* to 12' fromthe excavation
face 20 (at step 3450). As the reinforcenents 100 and the auxiliary

rei nforcenents 100' are msaligned to one another, |like this, they resist
the external forces applied in a. vertical or horizontal direction and the
czternal forces locally generated, during P.,,cAvatH ), as an integral body
wi th each other, thereby inproving the stability in the excavation.

10[ 70] Next, the interior of each auxiliary reinforcenment 100" installed

i ncl i néa@pyalsafiPredt@Pt HSEdRene 1M 196 (A stRY 5460 TheT thaty 78] SAFfer

that, the above-nentioned excavation step (step 5410) to . the _sh.otcrete
casti ngasee 0Cstiep ButD)tath ¢ eyt ety edirFedt otcap FoPa pdPnt aRker ein

t he excavation for the tunnel is finished. Also,if the |lengths of the

auxi | i apy steiwif orceRefit $5100hosrechot @iRouigh, ceéhie &uxid i aeyIhiei Af ordénent
installation step (step0) is carried out again [72] FIG 18 is a

per spectieé vigw SHOW hg alst abeswhepei Wi20ra ufhel towst r gegieonS9& is
finished, in the tunnel construction nethod according to the p sent

i nvent iaBerwbdchoy smedmst bdl |y eubtanaye apdtFhG Pvisea $¢@ntavi eeshow ng
a state wherein the tunnel construction is finished in the tunnel
constrgauibon nmet hod according to the present invention. As shown in FIGS
.18 and 19, if the excavation step (step 3410) to the shotcrete casting
step (step[d440) \axe ,repratodiye-Galidiescauted@vhicabsh stthe exaayatd o)
lir.i.nqg concrete 700 is cast to the steel ribs 300 and the inside of the
shot br ete QRO shLilrbhe Pastisteskepi BStep: 5140B59rar eepoistadledzamtiddi s
time, the irning concrete 700 is cast, ile sequentially renoving the post

steel rjfs u%Soco (a73c§e-%% aboves menti oned, &l i s} eRshd@ys hes catd i gtk omted N
10 reinforcements 100 are between 4 m and 8 m. Also, it is checked
whether the remaining lengths of the front bolts 200 are less
than 4 m or not. If the remaining lengths of the face bolts 200
are more than 4 m, the excavation step (step S410) is restarted,
and contrarily, if they are 1less than 4 m, the face bolt
15 installation step (step S300) is restarted.

[69] FIG.16 is a perspective view showing a state wherein
the step 4-5 1is finished in the tunnel construction method
according to the present invention, which is partially cut away,
and FIG.17 is a front view showing a state wherein the step 4-5

20 is finished in the tunnel construction method according to the
present invention. If the total excavation length is longer than
length of one or two reinforcements 100, as shown in FIG.1le,
auxiliary reinforcements 100’ are additionally disposed between

the respective reinforcements 100 from a point between 4 m and 8
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one direction or in both directions fromthe tunnel to be excavated in
accordance with the construction site states. 10 [74] As nentioned above,
there are :provided the tunnel reinforcenent structure and the tunnel
construction nethod capable of controlling displacenent using
pressurization. according. to the present invention, wherein the
pressurizing bag is installed in a gap between the steel ribs and the
excavated 15 inner surface of the tunnel under soft ground like soil or
weat her gd iheekdor tthemextavadeds i anechsuihitialy opuhBee@r eHAd iuBdetea
heavy structure, and the pressurizing bag is filled with the cement m |k

and t huscphessdehzeds byotreans satnt e rfddreed cementpdn | ko1 such ghagot he
ground di spl acenent around the 20 excavated face OCCU fi ng upon the

excavat i on i grgecoMer ed andathenst Effoess of tthespggoveres) ground i$he
i ncreased by neans of the pressurization of the pressurizing. bag.

(751FurEQ§£fo§cérh s PIRY el Qi Oclrhi(‘eedaQ&?ggQrz%m%QQf@?cQHSn% Ayl 1 gLy

construction nethods use generally Int tunnel I ng

ConséruﬁgF?iégé’Rééegot %rnteh%n%rt?];é’}d A ”dtr%sca"?ﬁ%fgﬁéff& apd %Qﬁgﬁgﬁgﬂ,:

are ins on the ont surfade o he eéXcava ace, suc
excavati.on can be .i. diately started, therel.ys ogtalnin .a_per.i od, of
const rUGHF oI SHOPRATS by 173 1 e, @ki SEENGORET hodig CWHCEh 174 gbhe

he pressuri zing

di t teel . pi [ ti ' d. M t
bag, WhFERCT 5| nsér Bot EER ¥ hes SXCAVAEA FHAGPISUTTAtE Hift t hé st 8

ribs, is exganded hy neans of the reinforcenent materjal, that is, the
cenent MK f%laBBpé tHER1 F AT e s T 1 o TR RECRY c BRI RH Fhnkre sdFPREEL C¥uch
that the ground di splacenent occurring inside the excavation face can be
restrai hBd“BACTFEYrdind can be recovered to the original state, [ 76]
Accordina to the existing steel pipe forced insert

10 [701] Next, the interior of each auxiliary reinforcement

100" installed inclinedly is filled with cement milk (at step
S460) .
[71] After that, the above-mentioned excavation step (step
S410) to the shotcrete casting step (step S440) are repeatedly
15 carried out up to a point wherein the excavation for the tunnel
is finished. Also, if the 1lengths of the auxiliary
reinforcements 100’ are not enough, the auxiliary reinforcement
installation step (step S450) is carried out again.
[72] FIG.18 is a perspective view showing a state wherein
20 tunnel construction is finished in the tunnel construction
method according to the present invention, which is partially
cut away, and FIG.19 is a front view showing a state wherein the
tunnel construction 1is finished 1in the tunnel construction

method according to the present invention. As shown in FIGS.18
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| argesteel pipes are forcedly inserted before excavation, 15 and the
interiors of the steel pipes are excavated and filled with concrete. Next,
the steel pipes are previously installed. under the ground, and after that,
the ground under the steel pipes is excavated, thereby passively resisting
the earth pressure caused by the excavation.So as to restrain the 20
genera' -1 : of the ground displacenent to the highest degree, thus, |arge
di aneter reinforcenments should he forcedly inserted into the ground to
increase the stiffness. According to the present_invention, however, since
the presduri%at ién Gh¢ | AXFOHIEES t 6 'ERe EXRvabl oh) f e, tEhe SOEEF e Pbs
having relatively small stiffness |ike Li--beans can. be used as the
suppor c2€finodsteer tHergrothd), WehsEPRardAy @iy Niafgersi zed tieephpi pes,
thereby sufficiently restraining the generation of the ground displ acenment.
(77] Actbediergatve tiithe, priéseny igwentdton, 7@ddiei oraltl 0 t Hee sEeeplpirpes
having relatively small dianeters than the conventional ones are adopted as
t he reBnforcenentsiadapt edf t choesihdcatdye suppor tlft Hercexsamratiterlf aéesand to
prevent the displacenent of the excavation face fromoccurring, thereby. 10
easi | y3del hyver ingthbecont €t i ahss formé hetlconstwiuct icamcfauret WO, iss cklé, st eel
pi pes having relatively small dianmeters are used, no separate instrunents
l'i ke ayheaet s88uchof £81 Platviany ahle jpack andesorOpis exeept for a
reinforcenent material. insertion. piercing instrunent are needed, thereby
permttingryfe censt ructiomehe bacEL =5 wekteper fhiayned eyenridd soat!l ispace,
ach, evina the sinple construction, and reducing the period of construction

and the,const flct{ 9N cost s, Quihe Qtheribard, cihe feienf eneerent:dmteri al
like cenent mlk is iniected into the reinforcenents having smal

di anet et s, .t hepeby sgéeﬂf&ar}%et he ddmnevenent of.cthe 20 stgength and the

rei nforcenent of the ground,

10 [(74] As mentioned above, there are provided the tunnel
reinforcement structure and the tunnel construction method
capable of controlling displacement using pressurization
according to the present invention, wherein the pressurizing bag
is installed in a gap between the steel ribs and the excavated

15 1inner surface of the tunnel under soft ground 1like soil or
weathered rock or the excavated inner surface of the ground
under a heavy structure, and the pressurizing bag is filled with
the cement milk and thus pressurized by means of the filled
cement milk, such that the ground displacement around the

20 excavated face occurring upon the excavation is recovered and
the stiffness of the recovered ground 1is increased by means of
the pressurization of the pressurizing bag.

[75] Further, a steel pipe reinforced ground method as one

of auxiliary <construction methods used generally in the
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(781l n addition, even though the tunnel has a deep depth, the auxiliary
reinforcenments are installed. in. the mddle portion of the tunnel in such
a manner as to be inclined by a given angle, thereby easily performng the
construction, 29 the precast concrete previously made in a factory,

t hereby having the construction costs and the period of construction | ower
and shorter than those needed when concrete is directly cast to the steel
ribs ;,-,nd the inner surface of the shotcrete C. 8 t.t WED | thel. ribs.

[80] Morepweringhe-dmstraldabinonief ifel face ool tEeprevems foininag the
excavation face fromfalling forward, even when the excavation is carried

out onl xxbyviheodegree negded foie t Be1tQconss r uglsict@Nied on [BH front
Additionally, the installation of the post steel ribs enables the

construgti-enctoobergtably ¢aribedrQUL, such €821 WLl exthePI&SeRLn be
i nvention has been described with reference to the particular illustrative

embod! MeRhSaidlel P BOLrdeq! OcRE LDt LHELEML DY LNBLILQOdE TRALS DUELODRY DY

t he appe t 1s to be appreciated t ose skil In the art

can §h3938 ﬁér”Bgiﬁy the.gmhedi ments ; wht haut depar 1,hogyf 1 9myLhg; §60pE, and
spirit o the pr sen? i'nvention.
steel pipe insertion process is needed. Moreover, the
pressurizing bag, which is inserted between the excavated inner
surface and the steel ribs, 1s expanded by means of the
reinforcement material, that is, the cement milk to apply the
10 pressure to the excavated inner surface, such that the ground
displacement occurring inside the excavation face <can be
restrained and the ground can be recovered to the original state.
[76] According to the existing steel pipe forced insertion,
large-sized steel pipes are forcedly inserted before excavation,
15 and the interiors of the steel pipes are excavated and filled
with concrete. Next, the steel pipes are previously installed
under the ground, and after that, the ground under the steel
pipes 1is excavated, thereby passively resisting the earth
pressure caused by the excavation. So as to restrain the
20 generation of the ground displacement to the highest degree,
thus, large diameter reinforcements should be forcedly inserted
into the ground to increase the stiffness. According to the

present invention, however, since the pressurization is

introduced to the -excavation face, the steel ribs having
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What is clainmed is 1, A tunnel reinforcenent strnoth,re capable of
controlling 5 displacenent using pressurization so as to maintain the
excavat ed section of the tunnel during excavation, the tunnel reinforcenent
structure conprising: a plurality of reinforcenents adapted to be
forcedly inserted into the bored holes fornmed along the outer surface of 10
the section. to be excavated of the tunnel in one direction or in both
directions in such a nanner as to be arranged parallel to an excavation
direction, so as to safel¥_control t he di spl acenent of the tunnel, each of
the refAfoFEERRNt SV ngTafaramet ert i g‘gﬁﬁﬁ‘é bethedd 585/ &t 366 nm
and a 'length in a 15 range between 12 mto 40 mand the interior of each

r ei nf oFEBRRAE L RAVFAGS cERBNtthF | K- Hj%Gct BHERPEY ef VLIRS anyY o LrdralSity dof
auxi liary reinforcenments di sposed between. the reinforcenents froma. point
bet weentdebnpandsg mhienrRidisy fEierrhReéYerd@s toRinhRIr ENAf GEEEHBRESLT Gfcedl y
inserted into the 20 ground or tunnel under the given structure in such. a
manner tas toobediactp ecetnnt80 to 12 from an excavation face, if the tunnel

hes a |l onger |length than one or two reinforcenents; a plurality of
steel ribs[Uisposedoadihbe tionnér faoursdhaceishwainttibe , excaidtiioon flagce tofe t he
tunnl along the Inner wll surfaces of the tunnel during the excavation;

a puraistyeof priessurizingndhagseeachvprovi dediliet weeamdthersst eehani bshand t he
excavated inner surface of the tunnel so as to recover the displacenent of

the exeawathenofaceceegurddcnaddpyitgha$ hehexeavaltfbenenkent er koapotdeach
pressuri zing bag having cenment mlk injected thereinto; a concrete part
adapt ed.t-0ibg1cast shetyeen dihe steelvartliBs;, face and to prevent the
displacement of the excavation face from occurring, thereby
10 easily delivering the materials for the construction. Further,
as the steel pipes having relatively small diameters are used,
no separate instruments like a reaction force plate, an oil jack
and so on except for a reinforcement material insertion piercing
instrument are needed, thereby permitting the construction to be
15 well performed even in small space, achieving the simple
construction, and reducing the period of construction and the
construction costs. On the other hand, the reinforcement
material like cement milk is injected into the reinforcements
having small diameters, thereby ensuring the improvement of the
20 strength and the reinforcement of the ground.
[78] In addition, even though the tunnel has a deep depth,
the auxiliary reinforcements are installed in the middle portion

of the tunnel in such a manner as to be inclined by a given

angle, thereby easily performing the construction.
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10 lining concrete adapted to be cast to the steel ribs and the inner
surface of the concrete part, wherein the reinforcenents art forcedly
inserted into the outer surface of the section to be excavated on the

tunnel in 15 such a manner as to be spaced apart from each other by a.

di stance between a dianmeter or each auxiliary reinforcement and 100 cmin a
parallel rect-3n to the excavation direction of the tunnel or in an outward
direction of less than 100. 2- The tunnel reinforcenent structure according

to claiml, 729 wheretRetherst eehe i bsiag ecshepbtHeam, pe repldecedh@itmnnel
rei nforcenment structure according to claim1, wherein each of the

pressur tgbng,kagssd s oRde 0k apyepNeu s} ealed fEam £ dblero Ryl oppepobyest er
and geo-textile in which fiber reinforcenments are contai ned. 4. The

tunnel pegi,nf or eerENL o SILUCIUTS, aceordi ng d o £l aign ko WheF eicBhgachc- 014 he
pressuri,'i1ng bags has a shape of a. bag whose inside is enpty and inlets

formed op, one  3,4de I f§LG0T, 1 Nt 0, 0L CR LAE, ?ﬁ%ﬂtﬁéﬂé deS {01 SEEggg%éfhlhe

tunnel rernforcenment structure accordi ng to claim erern, eac

pressurizing.Bags i s attached t o Lhe Ll air}g%rporl}rifancse of e tpﬁesgﬁglcc%f’g by
means of “fastener tape of adhesiVe, * The tUnnel” rei nf or cenen

Structuggsgcgg%&ggglt<g<§ggg? Eib%hereln the concrete part conpri ses:

[80] Moreover, the installation of the face bolts prevents
forming the excavation face from falling forward, even when the
excavation is carried out only by the degree needed for the

10 construction.

[811] Additionally, the installation of the post steel ribs
enables the construction to be stably carried out.

[82] While the present invention has been described with
reference to the particular illustrative embodiments, it is not

15 to be restricted by the embodiments but only by the appended
claims. It is to be appreciated that those skilled in the art
can change or modify the embodiments without departing from the

scope and spirit of the present invention.
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10a wire nesh or steel cage adapted to be inserted between the adjacent
steel ribs; and shotcrete or concrete adapted to be cast to the
outside of the wire mesh or steel cage. 7.. The tunne

rei nforcenent structure according to claiml, 15 wherein the concrete part
conprises shotcrete in which steel. fibers are contained. 8. The
tunnel reinforcenent structure according to claim 1, wherein the lining
concrete makes use of precast concrete. 0 The tunnel reinforcenent
structure according to claimL 20 further conprising post steel ribs
installed to support. one side of centers of the steel ribs disposed on the
bottom and top of the excavation face, so as to prevent the excavated

porti ofbat fReciahRAed ¥%om col | apsing, 10. The tunnel reinforcenent
structure according to claim9, wherein the post steel ribs are renoved in
the casting 'recess of the lining concrete 11, A tunnel construction

met hod. capable of controlling displacenent: using pressurization so as to
excavat e thé.groundirerl tamimdlonpeden ta sginvern User ya@d e tHe FUHIEILL1ing
construction nethod conprising the steps of: (a) forcedly inserting
a. Pl udakptycefenei nisicgmentssisntrd zehéobor e hotes for medialkeny t Hécout er
surface of the section to 10 be excavated of the tunnel in one direction or
i n bot hxdbreetbonsctdonasot otsaf elynnedntdwotitdheedsphatementhef tureetlunnel ,
each of the reinforcements having a dianeter in a range between 50 nm and
300 mMmrandrarkenghb kfract@nge-deimeamot2 in to 40 m
a plurality of reinforcements adapted to be forcedly
inserted into the bored holes formed along the outer surface of
10 the section to be excavated of the tunnel in one direction or in
both directions in such a manner as to be arranged parallel to
an excavation direction, Ye) as to safely control the
displacement of the tunnel, each of the reinforcements having a
diameter in a range between 50 mm and 300 mm and a length in a
15 range Dbetween 12 m to 40 m and the interior of each
reinforcement having cement milk injected therein;
a plurality of auxiliary reinforcements disposed between
the reinforcements from a point between 4 m and 8 m inwardly
from the ends of the reinforcements forcedly inserted into the
20 ground or tunnel under the given structure in such a manner as

to be inclined by 8° to 12° from an excavation face, if the

tunnel has a longer length than one or two reinforcements;
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(b) injecting a reinforcenent material in which cenent mlk is contained.
into the interior of each reinforcenent; (c) nounting a plurality of
face bolts on an excavation face of the tunnel in an excavation direction
SO0 as to prevent tne excavation face during excavation fromcollapsi g or
bei ng 20 di spl aced; (d) excavating the tunnel; (e) installing
steel ribs on the excavated area of Lhc tunnel; (f) nounting. a
pressuri zing bag between the steel ribs and the excavated inner surface of
the tunnel asfgpliojecityngocesentl nkliksi aiopdsed ppeSsHEi ZhA@r NAgut Ofaces
pressurize the pressurizing bag; 5(g) inserting a steel cage between. the

adj acenprsteal Kxdsvandogastidy 0t enet ecdthdihe asbagl €@de;inner walh)
installing a. plurality of auxiliary reinforcenents di sposed between the

rei nf or gepeatss f&pm PRidHe1Petweel 4n cRBgy S A nwardly fromthe ends of
the reinforcenents forcedly 10 inserted into the tunnel in. such a. manner

as to be inchiped:byi8, tor12reb0m Lhey exeayaLion bageiabd bbewidnehohas a

| onger |l ength than one or two reinforcerrents; (1) injecting the

rei nf or ceqent rgﬁgeaha' thidt @46 2wyl gty rel ety 1nghall ed, as
inclinediv; an
to recover the displacement of the excavation face occurring
through the excavation, the interior of each pressurizing bag
having cement milk injected thereinto;
a concrete part adapted to be cast between the steel ribs;
10 and
lining concrete adapted to be cast to the steel ribs and
the inner surface of the concrete part,
wherein the reinforcements are forcedly inserted into the
outer surface of the section to be excavated on the tunnel in
15 such a manner as to be spaced apart from each other by a
distance between a diameter of each auxiliary reinforcement and
100 cm in a parallel direction to the excavation direction of
the tunnel or in an outward direction of less than 10°.
2. The tunnel reinforcement structure according to claim 1,
20 wherein the steel ribs are steel beams.
3. The tunnel reinforcement structure according to claim 1,
wherein each of the pressurizing bags is made of any one
selected from rubber, nylon, polyester and geo-textile in which

fiber reinforcements are contained.
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15(j) after the steps kfl to (g) are repeatedly carried out until the
excavation for the tunnel is finished, casting. lining concrete to the
steel ribs and the inner surface of the shotcrete, wherein at the step (a)
the reinforcenments are forcedly zo inserted into the bored hol es forned
al ong the outer surface of the section to be excavated on. the tunnel. in
such a manner as to be spaced apart from each other by a distance between
a. dianmeter of each auxiliary reinforcement and 100 cmin a parall el
direction to the excavation direction of the tunnel, 8": . 12. The
tunnel consfrudPPoRURBEROACABESF PR | oS T THFL, > WA e FECE Bol t s
are nounted spaced apart. fromone another by a distance betwen 1. in and
2 m wherein3eaTheofuhhel BERBBETF HetHodARTIA My YRS PI A PRI WHESEi n t he
step (e) further conprises the SfPr. (er) installing a post steel rib
i nst al Leditle suppemptenersi dendeteerfioarsdofor henst eelde t b8edPSposed™n t he
bottom and top of the excavation face, so as to prevent the excavated
porti omhatht heet uameht fmohk ciod |iapsiaigd.1 014. The tunnel construction
met hod according to claim13, wherein at the tine of the stepthe post steel
ri bs are repovetdesequenti akliyfoncehencastrictire processirgf thellaim g
wherein each of the pressurizing bags is attached to the flange
portions of the steel ribs by means of fastener tape or adhesive.
6. The tunnel reinforcement structure according to claim 1,
wherein the concrete part comprises:
10 a wire mesh or steel cage adapted to be inserted between
the adjacent steel ribs; and
shotcrete or concrete adapted to be cast to the outside of
the wire mesh or steel cage.
7. The tunnel reinforcement structure according to claim 1,
15 wherein the concrete part comprises shotcrete in which steel
fibers are contained.
8. The tunnel reinforcement structure according to claim 1,
wherein the lining concrete makes use of precast concrete.
9. The tunnel reinforcement structure according to claim 1,
20 further comprising post steel ribs installed to support one side
of centers of the steel ribs disposed on the bottom and top of

the excavation face, so as to prevent the excavated portion of

the tunnel from collapsing.
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concrete or are renoved all after the castingthe lining concrete, 1515. The
tunnel construction nethod according to claim1l, wherein after the step
(i), the steps (d) to (i) are repeatedly carried out until the excavation
for the ground or tunnel under the given structure finished. 16.
The tunnel construction nethod according to claim11l., 20 wherein all of
the steps are cout in one direccion or in both directions fromthe tunnel,

10. The tunnel reinforcement structure according to claim 9,
wherein the post steel ribs are removed in the casting process
of the lining concrete.

11. A tunnel construction method capable of controlling

S5 displacement using pressurization so as to excavate the ground
or tunnel under a given structure, the tunnel construction
method comprising the steps of:

(a) forcedly inserting a plurality of reinforcements into
the bored holes formed along the outer surface of the section to

10 be excavated of the +tunnel in one direction or 1in both
directions, so as to safely control the displacement of the
tunnel, each of the reinforcements having a diameter in a range
between 50 mm and 300 mm and a length in a range between 12 m to
40 m;

15 (b) injecting a reinforcement material in which cement milk
is contained into the interior of each reinforcement;

(c) mounting a plurality of face bolts on an excavation
face of the tunnel in an excavation direction so as to prevent
the excavation face during excavation from collapsing or being

20 displaced;

(d) excavating the tunnel;

(e) 1imnstalling steel ribs on the excavated area of the

tunnel;

34



10

15

20

(f) mounting a pressurizing bag between the steel ribs and
the excavated inner surface of the tunnel and injecting cement
milk into the pressurizing bag to pressurize the pressurizing
bag;

(g) inserting a steel cage between the adjacent steel ribs
and casting shotcrete to the steel cage;

(h) installing a plurality of auxiliary reinforcements
disposed between the reinforcements from a point between 4 m and
8 m inwardly from the ends of the reinforcements forcedly
inserted into the tunnel in such a manner as to be inclined by
8° to 12° from the excavation face, if the tunnel has a longer
length than one or two reinforcements;

(1) injecting the reinforcement material into the auxiliary
reinforcements installed inclinedly; and

(jJ) after the steps (d) to (g) are repeatedly carried out
until the excavation for the tunnel is finished, casting lining
concrete to the steel ribs and the inner surface of the
shotcrete,

wherein at the step (a) the reinforcements are forcedly
inserted into the bored holes formed along the outer surface of
the section to be excavated on the tunnel in such a manner as to
be spaced apart from each other by a distance between a diameter
of each auxiliary reinforcement and 100 cm 1in a parallel

direction to the excavation direction of the tunnel.
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12. The tunnel construction method according to claim 11,
wherein the face bolts are mounted spaced apart from one another
by a distance between 1 m and 2 m.

13. The tunnel construction method according to claim 11,
wherein the step (e) further comprises the step of (e’)
installing a post steel rib installed to support one side of
centers of the steel ribs disposed on the bottom and top of the
excavation face, so as to prevent the excavated portion of the
tunnel from collapsing.

14. The tunnel construction method according to claim 13,
wherein at the time of the step (j), the post steel ribs are
removed sequentially in the casting process of the lining
concrete or are removed all after the casting of the lining
concrete.

15. The tunnel construction method according to claim 11,
wherein after the step (i), the steps (d) to (i) are repeatedly
carried out until the excavation for the ground or tunnel under
the given structure is finished.

16. The tunnel construction method according to claim 11,
wherein all of the steps are carried out in one direction or in

both directions from the tunnel.
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