-
7
i

" -1- 2152973 METHOD OF BUI LDING A CAVI TY STRUCTURE | N AN EMBANKVENT -2 -
This invention relates to a method of building a cavity structure in an
ewbanknment. ,Wien a new road such as a highway is constructed to intersect
al regdy existing roads, rivers, water-ways 5 or the like; the nethod .
general |y enpl oyed has been to build an enmbanknment over the existin Egs
or the like with the new road constructed on the enbanknent in a t I I
Crossi ng. It is necessary to provide a cavity structure transverse
'thro%?h t he embanknent 10 so as to provide a passage for retaining the
existl;r\g road or the like. The structure to be thus built in t he "enbanknent
i ncl udes specifically a concrete-nmade {tunnel, substructures for a bridge, a
box structure or the like, and the peJipheraI portions of the structure 15
in the enmbanknment nust be sufficiently stabilized so as to prevent its side
wal I s and ceiling from being coll apsed or= broken. Ref erring e

" specifically to this conventionally enployed nmethod with reﬁgr‘zg?ﬁ Fi g.

1, when a new 20 road. NR i's const METEOD OF BUILOANGt AUCAWZBYSB such as a

tunnel is initially built fromrei £ HC a8 emBaANkMBNDi ke over each
. of, for exanple, an existing road and a water-way WR, -and thereafter an
N



enbanknment is constructed over the structures SB for 25 the new road

construction. However, in order to transport enbanking nmaterials to fhe
site of the newroad, it is necessary tog provide preparatory , -
¢onstrugtion roads PR | eading to respectlve parts of the site*between th

4‘
exi sti >

« oad OR and water-way WR 30 and beyond the forner. - 3-
Accord g%é o this nmethod, however, the enbanking work for the ne\/\/road'%"'L
constr on can be perforned onIy after sufficient hardening of the
concrete material of the structure 3B because, each time the newroad 5
crosses each existing road or the |like, a structure SB nust be built prior
to the new road construction. It has therefore been inpossible to
construct ThAE AW 9RkicRoFaIARA! o BRIEROGNIQE nbudddiing s that the
construct caviper sOfuctupe oiwrgeembal¥i@or.er,  the 10 provision of
construction roads PR in order to avoid prolongation of the construction
period caused when the thus intermttently nade newroad is utilized for .
t he transfbenaia aewfreadskehgassoschighwaycisasonstmisteditd further and
IS even o I ' ' fqQr ogr. r N pr esent
|nvent|on%gt?;Fjv{fsg)%]élé Xlléaé?ﬁ%&é?ﬁgggogogggld:ﬁRﬂ%@gtrﬁgggfewlﬂgan enmbanknent
whi ch aPl efisthe c:bﬂﬁmﬁlﬁ refhad genesaldy ampdRyedabagi baent tany

i nt errupt b1 §0aRSehBahkmafibi 6vep! €h @ve:msmﬁiy tdadNRY 2hel PPKleCr osses

exi sting ro%%? QaB%% W%%% %g%égyﬁcteéaon the embankment in a

"two level crossing. It is necessary to provide a
cavity structure transversely through the embankment

10 so as to provide a passage for retaining the existing-
road or the like. The structure to be thus built in
the embankment includes specifically a'concréte-made
tunnel, substructures for'a bridge, a box structure or
the like, and the peripheral portions of the structure

15 in the embankment must be sufficiently_stabilized'so_
as to prevent its side walls and ceiling from being
collapsed or broken. ’

Referring more specifically to this conventionally )
employed method with reference to Fig. 1, when a new _\‘)'
20 road NR is constructed, a buried structure SB such as
a tunnel is initially built from reinforced concrete
or the like over each of, for example, an existing
road OR and a water-way WR, and thereafter an
‘'embankment is constructed over the structures SB for
25 the new road construction. However, in order to
transport embanking materials to the site of the new
road, it is necessary to provide preparatory
~construction roads PR leading to respective parts of
the site between the existing road OR and water-way WR

30 and beyond the former.



Anot her aimof the present invention is to provide a nethod of building a
structure i.n an.enbanknent which nakes.it possible to-utilize effectively
t he new road being canstructed to performthe enbanking work for 25 its

crossing with existing roads and the like w thout requiring any provisif
of cqnstruction roads for such work. -4- Accordingly, the present  { |
I nvenlion provides a nethod of building a cavity structure in an enbank

during its enbanking work at a position corresponding to an existing roa
wat er-way or the like in constructing a 5 Bew road across said existing

road or the like with said enbanknent, in which portlons i nsi de the

“enbanknment which are t 0 e mall Iay rs of a’l xcavat ed caV|ty
for the structurep‘%ﬁ%“gjrﬂ?a 3: Sniethe Ay SYie eq‘?é' kiBg; wark

the 10 enbanknentfom phernéwt yoald mewmunﬂdgusmacad hetpebﬂongeﬂmeaq so as
to intersect subsigodd aldoriiaihkORREbkK1AY! gk Nehe WoRGRR: 94 iy the

| ayers upon excavation o an upper ce| I ng portion of

the |ater excavat'tle cBErackuresSBr heagansed €aShtbRBatheerRevoras,
means of at Ieastcﬁdsﬁésect@praifsdﬂngngohatweahéumeé,tIangsﬁwétﬁ&é/\/rsach are

Consioned uires. e E nBSRPRRES Pt 07 CEipfie | Bh oF S8 CERBERS TP Hor KL 1 he
20 cavity is excdvasethbyeforeyibeprerimpasdibdectioalconsttruct the new
L road continuously but only intermittently so that the
"construction period is prolonged. Moreover, the
10 provision of construction roads PR in order to avoid
prolongation of the construction period caused when
the thus intermittently made new road is utilized for
the transportation of embanking material increases
_ costs still further and is even occasionally
15 impossible for geographic reasons.

'The;present'invention aims to provide a method of
- building a structure in an embankment which allows a
continuous construction of a new road without ény
interruption so as to be achievable even when the new
20 road crosses existing roads, water-ways and the like.

Another aim of the present invention is to provide a
method of building a structure in an embankment which
makes it possible to utilize effectively the new road
being constructed to perform the embanking work for

25 its crossing with existing roads and the like without
requiring any provision of construction roads for such
work. -



zone surrounded by the side layer portions and prestressed ceiling portion,
so that the structure can be built within the cavity with the.side |ayers

and cefTing | ayer stably naintai ned and prevented from 25 col | apsi-nd by, the =
‘nets ¥ in the layers. The invention will now be further described, .by -
way o mple, with reference to the drawings, in which:- Fig. 1is a_
schematic diagram for explaining a conventional nethod of constructing a

new road 30 transversing existing roads and the |iKke; -5- Fig. 2is a
fragmentary cross-section of an en#amknent specifically at its portion
formng side wall layers of a cavity structure to be built in an enbanknment - -

made according to the nethod of the present invention 5 for -new road
const r uctAesPrddinglys jthe, PregeRtht awee%%% RERVidRsS of MethAshnknent nade

ﬁCCOLdi ][lgaﬁ (br:iﬂl@mﬁt hfwéa@fityhetn\t;ﬁsaaé ﬁmvantemxﬂmlel | xshcauﬁg}g ts enti reOI

. height for s 0 e state_in | of . Fig. 2 and a
prestres§b m%ﬂgﬁﬁ"SeVPl aga?tpgﬁgtﬁgﬁeéygﬁeﬁﬁo y F&@cture | ater
excavat edsx Fétgingl doada fwa@m-‘w yorpltive Jlike dh cmptmmsssaad ceiling

part ofs iy PoadNaWird@s’ %%Q‘%Ftéﬂ’iesifdérfoéadoﬁiﬁé' kel /i the part
wi th upper positioned ones of ea renD ed s quggflally fromthe

left end Shdfi rﬂ)‘“Pﬁé""dB?PGm t@)"t H’éhiF htp%ﬁ& SR AG S € and

embankment which are to form side wall layers of a )
later excavated cavity for the structure are embanked L*;)
‘simultaneously with remaining portions of the
10 embankment, a plurality of vertically spaced nets
being buried so as to intersect substantially
horizontally sliding surfaces appearing in the layers
upon excavation of the cavity, in which an upper
ceiling portion of the later excavatea cavity is
15 prestressed during embankment work by means of at
least crushed stone filling betweeh supporting plates
~which are buried respectively above each of the side
wall portions and éoupled-by tensioned wires and in
which, after completion of the embanking work, the
20 cavity is excavated by removing embanked material in a _
zone surrounded by the side layer portions and \
prestressed ceiling portion, so that the structure can
be built within the cavity with the side layers and
ceiling layer stably maintained and prevented from
25 collapsing by the nets buried in the layers.

The invention will now be further described, by way of
example, with reference to the drawings, in which:-

Fig. 1 is a schematic diagram for explaining a
conventional method of constructing a new road
30 transversing existing roads and the like;



Fig. 5 isafragmentary cross-section .of the enmbanknment of Fig. 3 but
its state in which a 20 tunnel has been excavat ed by renovi ng enbanked
materials’in a zone defined by the side wall and upper ceiling |ayer
foundati'on ground for the cavity structure in the embanknent. Refer
willsfirst be nade to Fig. 2 of the drawi ngs 25 in which a buried net 12
made preferably of polyethylene threads is initially placed horizontally on

a foundation ground 11 at the side of naklng the enbanknent substantially
over the entire surface of -6- the sité.

For the net 12, the

an

in

pol yet hyl ene threads of a tensile elastic nmodulus of 7.0 Kg/ch are nmeshed
to provide a gri

tensile-resistin

. 53,8 F5RafThehl’ -G ) D emmaninene

respective two oﬁmmﬁlﬁ}Qﬁkkyvﬁﬂlib%rP?EHSOfoaﬁmFﬁﬂeﬁdéa:ﬁQan%ﬂ%?%imh as
L L forh&famésxéi% egtt%mgsﬂlﬁ;]e CEOSBe ssﬁ%nenasa s@acagﬁibaanmm al | Y,
-and erected on the- groun i nsj de_t he enba S

of cenment for eadh®dfdaceRrfi 'If ?%nﬂ%?h%‘ﬂgog %Iep'fe%%ﬂrt M‘ltsltﬂ
each opposite oﬂtfﬁrsneka:ﬂadtunnsﬁnnUtﬁnnde wall layers 13 are built u
during the enbanking work on the initially placed buried net 12, wth a

a tunnel

plurality 15 of vertically spaced nets 15 belng orizontal ly qas ose
enbedded i n the |Bj@r 3 158 shfragmepfary cross Sect an ‘em

k;-/

of ,

10

15

20

ion o men
made according to the method of the present invention
and showing its entire height for showing the state_ln
which the side wall layers of Fig. 2 and a prestressed

upper ceiling part are made for the cavity structure

. later excavated;

Fig. 4 is a fragmentary plan view of the préstressed
ceiling part of Fig. 3, showing respective layers and
materials forming the part with upper positioned ones
of each of them removed sequentially from the left end
showing the bottom to the right end showing the top;
and

Fig. 5 is a fragmentary c;oss-section of the
embankment of Fig. 3 but in its state in which a
tunnel has been excavated by removing embanked

. materials in a zone defined by the side wall and upper

25

ceiling layers and foundation ground for the cavity
structure in the embankment.

Reference will first be made to Fig. 2 of the drawings
in which a buried net 12 made preferably of
polyethylene threads is initially placed horizontally

“on a foundation ground 11 at the side of making the

er

p

and

embankment substantially over the entire surface of



nets 15 are vertically spaced at intervals of preferably 10-15cm and are

made of | yet hyl ene threads of a small.er size than that of the buried net
20 12 to have an allowable tensile-resisting stress of about. 500 , »
Kg/ m Siﬁ er, a crushed stone |ayer 16 preferably of a width*substantially
correspg

fng to the total width of each of the side cenent and soil Iaﬁgfs-
13 and 14 is also built up on the outer side of 25 each soil |ayer 14 | e
enbanking materials are built up on the inner and outer sides of both side
wal I portions thus being erected +ig  the respective layers 13, 14 and 16.
After the cenment and soil side wall layers 13 and 14, with the nets 15
enbedded therein, 30 and the crushed stone |ayers 16 as well as the
enbanknenth@afiteecenf ok the et ddre the tP(S’WGd'-XWI;Hegﬁ, threads70£f yrt her net

12 is pgaaﬁﬂlehbﬁleoaébﬁtii.éOﬁbfahths' Sucn.mlnk@,nkm' %ga-wdméahéafeélm ng work iz

repeate I 1 e providing.a s, lgient-xolling co ctipgn, until a require

hei ght of pl‘f?e‘”t‘ﬁﬁn@l F 9fihe""#ji éegsﬁ"r cétj# ecf'g .%nagg:&leﬁ?vlgur‘['ﬂer, referring

to Figs. 3ldnwahlaf tensiilietpeeistingacstrndss heferdlrokeedt006vi ng t he

requireg Rﬁyﬂbt for the structure is sufficiently rolled and flattened, a
the

still fur r net 12 is placed on the 10 fl attened enbanknent and then a
reinforcing sheet 17 preferably nmade of plastic material and having a

consi der altheot@eekbessot® phécsspegEidieittic/ oppoisiag side wall
portions of an intended structure such as a tunnel of, Q;;J
for example, rectangular cross-section, as spaced
horizontally and erected on the ground 11 inside the
10 embankment, a side wall layer 13 of cement for each
side wall of the tunnel and a side layer 14 of soil on
each opposite outer side of the cement side wall
layers 13 are built up dﬁring the embanking work on
the initially placed buried net 12, with a plurality
15 of vertically _spa¢ed nets 15 being horizontally
disposed and embedded in the layers 13 and 14. The
nets 15 are vertically spaced at intervals of
preferably 10-15cm and are made of polyethylene
‘threads of a smaller size than that of the buried net -
20 12 so as to have an allowable tensile-resisting stress o
of about 500 Kg/m. Further, a crushed stone layer 16
preferably of a width substantially corresponding to
the total width of each of the side cement and soil
layers 13 and 14 is also built up on the outer side of
25 each soil layer 14 while embanking materials are built
up on the inner and outer sides of both side wall
‘portions thus being erected with the respective layers
13, 14 and 16. After the cement and soil side wall
'layers 13 and 14, with the nets 15 embedded therein,
30 and the crushed stone layers 16 as well as the
embankment have been built up to be 40 to 60cm high, a



uppernost net 12. In this case, the buried net 12 has an area or size
substantially covering the entire 15 surface of the ground, whereas the

rei nforcig .sheet 17 is set to have an area or size nearly corresponding to
t he ypper surface of the structure to.be built. Above the buried net 12xand
rei nforei ng sheet 17, supporting plates 18 preferably made of steel R0
disp5§éd with their flat surfaces opposed to each other so that the 4("5
are positioned respectively slightly outside of the outernost crushed-stone
~layers 16 of both side wall portions. Eacly supporting plate 18 nmay be
provided with a horizontally-extending skirt 25 portion or may be
tenporarily nmounted on a separate hol ding plate (not shown) which extends
horizontal | y. Furftethegonety bﬂaiﬁimbapegt thergomphod zeinablyi. t $ush end

bet ween the opposgg bAWKAGJ | #9a Pwahas- fldk R Pnghalo k16l P! Pé S8 a £8 a0 ke
stably erected. . Next

- co atively spggll anount of, crushed stone 20
Ts -5 flatly BFAESE DG dodR L e LeBEOF BLAd g AORPASE LoRen UnEieid 12 | s
spread over the cteguiriedtlonightyef thet temmellherpkhteliké, sprectumssisig
steel wires 21 grg Qggg?across t he opposing supporting plates 18 and 5
secured to the pla?es at " both ends by any suitable neans such as wel ding or
bol t-and-nut attachnents passed through the plates. The steel wires 21

~ shoul d preferabl yrhietheds @lefdistin@Stots v@sTes airidla ,and v PluHaligpe Of
them are arrangedsLPnggiggnigL %%%ankment having the required height
NS
for the structure is sufficiently rolled and
flattened, a still further net 12 is placed on the .
10 flattened embankment and then a reinforcing sheet 17
preferably made of plastic material and having a
considerable thickness is placed immediately on the
uppermost net 12.  In this case, the buried net 12 has
an area or size substantially,cdvering the entire
15-surféce of the ground, whgreas the reinforcing sheet
17 is_set to have an area or size nearly corresponding

to the upper surface of the structure to be built.

Above the buried net 12 and reinforcing sheet 17,

. : supporting plates 18 preferably made of steel are
20 disposed with their flat surfaces opposed to each
other so that the plates are positioned respectively
slightly outside of the outermost crushed stone layers

16 of both side wall portions. Each supporting plate

18 may be provided with a horizontally-extending skirt

25 portion or may be'temporarily mounted on .a separate
holding plate (not shown) which extends horizontally.
Further, soil retaining plates 19 may be disposed to
extend between the opposed supporting plates 18 so
that the plates 18 may be stably erected. Next, a

30 comparatively small amount of crushed stone 20 is



10 mutual ly parallel relation. Next, a layer of the crushed stone 20 and a

L

smal | zanpunt of fine grained sands are :pl aced between the supporting plates
18 a ‘(%5 r the already placed crushed stone |ayer, net 12 and prestressing +
wireg,| 5/ and next a further net 12 i's provided at an internedi at.e | evel -of
the h t of the supporting plates 18. Above this further net 12, as,\Jf

above, further prestressing steel wires 21 are secured between the
supporting plates 18 in the sane manner, a 20 further |ayer of the crushed

stone 20 and snal |

amount of fine-ggained sands is formed over the |ast-

mentioned net 12 and steel wires 21, a still further net 12 is placed on
the further crushed stone | ayer between the supporting plates 18, and an

addi ti onalf12%8 lyapdacefi betwieen thensupportifgrpbates t& t Itheargp end | evel

Pevel Cof thare 22 fe1pRedd Shako VIR cEidted sk ot Xl e opposed
u _
Swigtoe th' RRESS| L8 CRESSEToRALRa. tes] piE ek 2netee crbonkmont
S perforMumgeadneséﬂuﬁqﬂmppobﬁhggsnpgnmting pdatepeal @dawdt h respect to
kelured %o "BAE" ?E%%e@‘%é”w@ﬁdeﬁhg“w a&fw Ss@?tQBwBe“ the
18. e e wor I's tHe

| evel of
supportin

t he enmban
supportin
while pr
of 5 vert

10

15

20

25

30

g plates nmbanki n reafter

conti nued

BEansgsueh| @sng'ebdHadt o&n T?BEArRYt: R&tAaGhBentst abl e nunber

pasked thzoaghbthecplacks. 12Thevetedl wheesnRlr ehould
preferably be made of rust resistive material and a
plurality of them are arranged in horizontal and
mutually parallel relation.

Next, a layer of the crushed stone 20 and ‘a small
amount of fine grained sands are placed between the
supporting plates 18 and over the already placed
crushed stone layer, net 12 and prestressing wires,
and next a further net 12 ' is provided at an
intermediate level of the height of the supporting
plates 18. Above this further net 12, as above,
further prestressing steel wires 21 are secured
between the supporting plates 18 in the same manner, a
further layer of the crushed stone 20 and small amount
of fine grained sands is formed over the last-
mentioned net 12 and steel wires 21, a still further
net 12 is placed on the further crushed stone layer
between the supporting plates 18, and an additional
layerlof crushed stone 20 is formed up to the top end
level of the plates 18. A further reinforcement sheet
17 is placed at the top level of the thus formed
crushed stone layers filling between the opposed
supporting plates 18 while the embanking work for the
entire embankment is performed, and sufficient rolling
compaction is repeated with respect to the embanked



&

surface of-the enbanked matérials. During this continu

preferably when.the height of the enbankment reaches a | evel between 0

ahd | . Om dbave the reinforcement sheet 17 10 on the cr
so tRat the ground pressure of enbanked material onto
remar,kabl e, a prestress is applied to the steel wres
tlghféhed and the entire body of the crushed stone | ay
‘prestressed ceiling part of the intended tunnel or the

ed enbanki ng work and
ushed stone | ayér
the |l ayers 20

fgo
e
21 so that the

ers 20 will be a 15
| i ke structure. For

this purpose, the securing at one end of =tRe=wires to the supporting plate

18 on one side i's initially made in a tenporary nanner
space is left outside the partjcul ar plate 18 2 for

centre-hol e jacks®RR8F §%§Mﬁn ocﬁﬁﬁﬁFéiﬂﬁﬁﬁ?o RRELEe

a proper morking

aﬁﬁhé ther d

ends of the wi reSsaﬂ:poa:ndihbe phakesar 28dri v@he oelntvenkliagni ne:srlh rird .

secured||1t|ght Eﬁg %@ ?o EB%&%&“SFlS @ﬁf@%ﬂgrgg

bol t - and- nut crent_"prestress provi

i‘d*i&#"e'fiéi‘ﬂ 1N

prestressing oper@@ﬂB#°¢W9ﬁ|aﬂﬂgﬂkﬂ?kﬁﬂshhﬂrﬂiﬂeé ﬁﬂihapﬂé EP&Qﬁﬁj%ﬁcme
20 to fill bet W%ei@@cﬁz%go%bh%@b%ﬁ%dl&e\ud h 2aebvie@ iigo\ehde ed tirraper

sliding effect to the ste res,21 W res
tightened while nBt*

pi eces of the crushed st one 20. - 10 -

' During this continued embanking work
I\ J 3

30 can be snoothly

%(?WB%P iﬁfﬁaﬁ Striction of respective

and preferably

when the height of the embankment reaches a level

between 0.5 and 1.0m above the reinforcement sheet 17
10 on the crushed stone layers 20 so that the'ground
pressure of embanked material onto the layers 20 will
be remarkable, a prestress is applied to the steel

wires 21 so that they are tightened
body of the crushed stone layers

and the entire
20 will be a.

15 prestressed ceiling part of the intended tunnel or the

like structure. For this purpoée, the

securing at one

end of the wires to the supporting plate 18 on one
~side is initially made in a temporary manner, a proper
working space is left outside the particular plate 18

20 for disposing therein centre-hole jacks (not shown) to

couple them to the temporarily'secured ends of the
wires 21, ‘and the jacks are driven to have the wires

firmly secured in tightened state to

the plate 18 by

means of the welding or bolt-and-nut, with a

25 sufficient prestress provided.

During this

prestressing operation the fine grained sand mixed
with the crushed stone 20 to fill between the
supporting plates 18 will act to provide a proper
sliding' effect to the steel wires 21.s0 that the wires
30 can be smoothly tightened while not subjected to any

substantial friction of respective
crushed stone 20.

pieces of the



When the prestressing operation is conpleted, the jacks-are renoved and

t he morki ng space is filled with enbanking material which is roll-conpacted
e\ l)evel al ready reached, and the enbapking work is 5 further .continued «
@ further buried net or nets 12 as required until the required :

of the enbanknent is reached while repeating the rolling conpacti"

It will be understood to those skilled in the art that, in the thus buil
enbankment, the 10 prestressed ceiling part mainly conprising the crushed

st one Iayers 20 between the suppordPng plates 18 functions substantially as
a sort of solrd flat plate which bridges across the crushed stone layers 16
erected e la er Q act as_ suppottin fter the

conpl eti %H@'ﬁ ﬁﬁséﬂgaﬂgﬁﬁfﬁﬁ§ i%hé%ﬁ?? e?fng %w t he

f oundat i oracgm)uardz Jremqm jandetheaaWoskdngt Bpace bt £is ked wed tth | ayers 13 and
the bott qupghRiAGCHPEL: $RECURICH Si#XFBYALb Wl PedOLoUltdg and

renmovi ng t uri éd net enmpanked erials mrtgég the zone to
forma céﬁrylzzkﬁsquFrga°9e41u?ng Fﬁ?f?ﬁﬁﬁ?#dﬂiﬁ"?ﬁé ity 22, the
enbankes fipd el coriteinthddo wi i carpyt cmgrtﬂwm mnemgierqurr siét ng surface

extendin o] r y iywi | ayers 13 as
shown bygjﬂ%t ?gdr}a%%%gkgeowﬁ gsté]g él;g:.ar@ '%'Zit s?ggﬁvq\"/; | s of the
cavity negmbankaiedrntpsel. rAé@@ﬁﬁrﬁPibetH@a@ﬁiiﬂﬂ theesoildidnchonever, the
peri pher aém&?ééﬁﬂfﬁ off ¢t RA192We! indérbBoblctE8 TEROLEEEK L BT 3h sufficiently -
strengthen and anX colnﬁpse of the side W?||S of .the gavrﬁy wi |l not tdhaJ
pl ace, thesark at the thus buil
10 prestressed ceiling part mainly comprising the crushed
stone layers 20 between the supporting plates 18
functions-substantially as a sort of solid flat plate

which bridges across the crushed stone layers 16

embankmen

erected below the layers 20 to act as supporting
15 walls. '

After the coméletion of the foregoing embanking work,
the zone defined by the foundation ground 11, the
inner walls of the cement side wall layers 13 and the
bottom reinforcement sheet 17 is excavated while
20 cutting and removing the buried nets 12 with the
embanked materials within the zone to form a cavity 22
as in Fig. 5. During the formation of the cavity 22,
the embanked materials tend to slide along such an
"imaginary sliding surface extending diagonally through
25 the soil layers 14 and cement layers 13 as shown by
dotted lines SL in Figs. 3 and 5 so that the side
walls of the cavity may be collapsed. According to
the present invention, however, the peripheral
portions of the cavity 22 in the embankment are
30 sufficiently strengthened and any collapse of the side
walls of the cavity will not take place, because of



: . -
-11- the provision of the buried nets 12 and 15 which co- operate with the
cement Iaxers 13, soil layers 14, crushed stone |ayers 16 and embanked
materials.” .More particularly, the buried nets 12 and nets 15 presenth"YN\
the goil layers "14 and passing through the sliding surface SL horiz nts
are subjected to a tensile force due to a sliding force of the soil ;
genefﬁted along the sliding surface SL. Wen this tensile force is i rted
to the nets, the soil conpacted within 10 fespective net neshes so as to
formon a microscopic scale a colum in €ath Tresh receives a shearing force
of the net-formng threads and this shearing force transmtted to the
respective colu GRCEE S I r tire
soil on the 15 rsnl?zl g sur ace @E %%%q?)&flpéa f?ftrgefgﬁll\g%ng'yhfwﬁ €8
when the total stOfRQfgiheoT'lﬁﬁe thes remens dayerad Ioigotd) b?ri@‘?n \lﬁﬁe nets
lbshgreatﬁr thfm tdﬁs&ielddlsoll;@nteouegertshasneha embankied malterialsi! | More
ehave ensel ves i e t her t d soi
in the |ayers L4Qﬂ{%k)?ﬂ€r£VFdFﬁ§ g ?3 ngfsci3 %gareﬁg Fg é?ngh%
retained. Furtheim thee snili ddyreatss 142 aindn @aissringotthgought sher #UiAIRG the
sliding-surface %uf?ﬁ#g éﬂegBQrﬁﬁﬂégh ta?ésﬁu%ed@EﬁﬁﬁiotQetéﬁﬁihéd
stone layers-16 from bel n hori1 zont a di spl ace at the
hori zont al sheamﬁﬂf¢%r€%eoF°tHeﬁ%ﬁ%ﬁ%%n Ean8§ §&&j§ﬂ&it$ﬁ§efﬁ§ed
.stabil'ization of {iyncsiwe wWilidingagukEtagkssL. When this tensile force
d ' is imparted to the nets, the soil compacted within
10 respective net meshes so as to form on a microscopic
scale a column in each mesh receives a shearing force
of the net-forming threads and this shearing force
transmitted to the respective columns of soil cancels
the tensile force, whereby the entire soil on the
15 sliding surface SL can be stably retained. In other
words, when the total strength of the respective nets
and soil columns in the nets is greater than the_
sliding force, the nets and soil columns will not
behave themselves independently of each other, so that
20 the embanked soil in the layers 14 along the sliding
surface SL can be reliably stably retained. Further,
the buried nets 12 function not only to stabilize the
sliding surface SL as in the foregoing but also to
prevent the crushed stone layers 16 from being
25 horizontally displaced, so that the horizontal
shearing force of the nets can be increased and thus

the stabilization of the side walls can be also
increased.

It will be easily understood by those skilled in the
30 art that the function of the buried nets 12 in the
side wall portions as referred to above can apply
substantially similarly to the upper ceiling portion
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Increased. It will be easily understood by those skrlled in the 30 art that
the f tion of the buried nets 12 in the side wall portions as referred to

abov g apply substantially sinmlarly to,the upper ceiling portion 12 .
- cqgnp ing mainly the crushed stone layers 20 between the supporting .
pl at 8, 1n which the buried nets 12 and crushed stone | ayers 20 can(Q}

made Thtegral wth each other and al so with surroundi ng enbanked. 5

materials and, as the |ayers 20 are prestressed, the ceiling portion can be"
made firmas if it were a solid bl &&k= wher eby the peripheral parts of the
cavity 22 can have a strength substantially equal to or even higher than

t hat of any convention structure 10 prelrntnarrl buil t I n addition,
after "@&%ﬁdﬁ H& LK 4shesh stqne clémtgllz&lé‘}eé“’ﬁ?"and the | ower
part bof tihe rstqqiare:?srgd pd.ertleran.Sporm (wh:tm't vﬂmtﬂdﬁtemmst 1129 gl at e;shlB15
may be u %ﬁ% e retakni r syhoundi ng e
cavity 2 W t s %rtrgn% VE‘% I% c%h brgo%%rd'il ﬂ& yfgl Wi erial may be
appl i ed @ﬁ@heQ#héF\ﬂﬂﬂ @4§%eﬂﬁ¥hcﬁk%ﬁoﬂﬂ¢¥mmrﬁﬂPaF&mﬂmr t he

pr esen}gs Inrwe@ttamscaﬂabeago@hélPsiyeassmchaye Qegt%@;&@@, %tef ol | ows: -d20

W th' ¢ he SEACHEY ROERESD FaR BY Mate EhaRFT IGLY LR 1 AG LM prestr essed

ceiling block, whereby the peripheral parts of the cavity 22

can have a strength substantially equal to or even

higher than that of any conventional structure

10 preliminarily built. In addition, after the

excavation of the cavity 22, the cement layers 13 and

the lower part of the prestressed ceiling portion

between the supporting plates 18 may be utilized to

form a pérmanent'retaining structure surrounding the

15 cavity 22 with high durability, while a proper lining

wall material may be applied on the inner wall of the
structure, if required.

.--"'~

Further, the present invention can be modified in such
various manners as follows:-

20 When, for example, a certain amount of foamed styrol
fragments is mixed with the crushed stone 20 and fine
grained sand in forming the prestressed ceiling
portion, any displacement of the crushed stone 20 can
be smoothly prevented and thus the crushed stone can

25 be favourably prevented from being unstabilized and
collapsed. Further, when a foamed styrol layer is
provided in the vicinity of the periphery of the
cavity 22, vibrations therein caused by earthquakes or
the like can be absorbed by such layer to further

30 stabilize the periphery.




portion, any displacenent of the crushed stone 20 can be snoothly prevented
and thus the crushed stone can 25 be favourably prevented from being
uhst abi | i zed and col | apsed. Further, when a foaned styrol |ayer IS
provided in the V|C|n|ty of the perlphery of the cavity 22, vibrat}
thergi p caused by earthquakes or the |ike can be absorbed by suc
further 30 stabilize the periphery. - 13 - Wiile in the illusty&
enbodi ment t he portions formng the side walls of the cavity 22 are shown
to include the cenent |ayers, the porti orRsigay even conprise only the

| ayers of soil, in which event, too, 5 the cavity 22 can be sufficiently
stabilized and, if necessary, cenent may be applied to the upper and side
surfaces of the c&bide 2n ather itlkﬂeu%twatydhm%@hmentavdtedporlﬂirdder

the number of burg&emidlgS the %'l‘éel@aaﬂjsﬁ] %ﬁél&%sﬁr&{ﬁ asgd or

decreased 10 depepndi lon I n
condi ti ons of thet Eﬁﬂgfif*uc"('}%n°§ t A}?HBESH tt’rﬂ,£ pPRELAODG MRE| leVign

structure betweencémpr ss@pely Nthed| iy slde soilsf ehakhichY&vehE) CBdo Wi th

respect 1o the Buggd: a6l ¢12290sh ! GoH ks g@snt gole hgual of 1o g

supporting plates ruc ure nay
al t hough as showmne¢eIFAL Y LRRERLt Map lP#e@RH g &hechpper em@lsih‘a/e

been arranged in gypratagess fth%ycmﬁﬁ 7 Qfeled ERe 0Bh¥iRPChAs P than
tdeftages Nbreog;gévéggafﬂ §¥¥t er, the number of buried nets 12 and
15 and steel wires 21 may be increased or decreased
10 depending on the region in the embankment and the like
conditions of the construction site. Although the
- prestressed ceiling structure between the supporting
plates 18 is preferably symmetrical with respect to
the buried net 12 positioned at the middle level of
15 the supporting plates 18, the structure may be
asymmetric. Furthermore, although as shown in the
drawings, the prestressing steel wires 21 have been
‘arranged in two stages, they may be provided in only
one or more than two stages. Moreover, one or both of
20 the reinforcing sheets 17 provided above and below the
S prestressed ceiling structure may be replaced by an
' iron plate, rust resisting steel plate, concrete plate
or like rigid member.

Accord&ng to the method of the present invention as
25 has been disclosed, the embanked layer structure above
the cavity formed in the embankment can sufficiently
endure the weight of running vehicles during the
continuous construction of the embankment or the new
road extended, trucks for transporting embanking
30 materials and so on can be allowed to run immediately
on the embanked new road having the‘formed cavity and



20 the reinforcing sheets 17 provi ded above and bel ow the prestressed
ceiling structure may be replaced by an-iron plate, rust resisting steel

pl ate/ concrete plate or like rigid nenber.. According to the nethod of the =
W TIinyention as 25 has been discl osed, the enbanked | ayer’ structure . -
cavity formed in the enbanknent can sufficiently endure the \;;
wei gh “.running vehicles during the continuous construction of the
enbanknent or the new road extended, trucks for transporting enbanking 30
materials and so. on can be all owee @4 run i mmedi ately on the enbanked new
road having the fornmed cavity and - 14 - thus it becones unnecessary to
provi de any construction road for the new road construction. |In addition,
since it ishBfneddssBPFIB O/ B XDE CCHPREN of Cof PEIRY hEIE ofNst ruct ure as

i R t he pri@dsnétaﬁgtioﬁhem'ﬁmd_h@anebﬁ_r@gtdemb t&\md mzfé.or eerXf:avati on of
the cavity r.eby the, construction period can reduced to a | arge
extent andIR8 St - BATER dibt Lo PR sERAR Y ekd THETE L ERT on | < ot
restrict ecenpikesigmovaf delser hbdd o0 st weat abutny &hieatpirdresr and

modi fi cad i ppg, MynBe dBe rif 4 d0¢larfieBar td e hu¥d t BG 3 OPE £0f d he i Nvention

as defined by the appended cl ai ng.
ex avatio%pof the caggty, whereby the construction

period can be reduced to a large extent and the
construction cost can be economized. )

The invention is not restricted to the above-described
10 embodiment but variations and modifications may be

made without departing from the scope of the invention

as defined by the appended claims. |
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- 15 5 CLAIMS 1. A nmethod of building a cavity structure in an enbanknent
during its enbanking work at a.position corresponding to"an existing. road,
wat er-way or the 5 like in constructing a new road across said existing

road_or the {1ike with said enbankment, in which portions inside the.
enbahkment which are to formside wall |ayers of a |later excavate hc\$¥¢y
for tthe structure are enbanked simul taneously with remai ning 10 pprffons of
t he enmbanknent, a plurality of vertically spaced nets being burie as to

i ntersect substantially horizontally sli«diysy-surfaces appearing in the

| ayers upon excavation of the cavity, in which an upper ceiling portion of
the | ater excavated cavity 15 is prestressed during enbanknment work by
means of at |east crushed stone filling B3 n supporting plates which are
buried respectively above each of the side wall portions and coupl ed by

tensioned wires and ig whigh ,afte | etion_ of.the_enbanking work, the
20 cavity is excavate .&fﬁhﬁﬂw?%gggﬁgg%ﬂﬁj?ﬁﬁ%ﬁfgy Fﬁfﬁ#&ﬂﬁélﬂﬁr%ﬁnded
by the side | ayeembarkmestaddrpngsiites savbarek i nggwpakt iadn,a positionhe
structure can be i) |4 4d ot Y Iy Si L1ing

| ayer stably naiﬁ?gfﬁgﬁﬂgﬁﬁig?eggn%gdé%¥gﬁ?gg'gg?Fép?%ﬁgﬁ%§&§%28ﬂe€§éburied
in the layers. 521ikendphBaANGLEHCH NP PoneMarMad ARTARH Bkt iP5t el 0a |
portion conprisegoadcesenttheaybiker aciehl sadiddeembankmedny,er iandewi €k ushed

iigge layer erecbggtqghg'gﬁsigg éﬁgleﬂeygﬂment which are to form side
wall layers of a later excavated cavity for the
structure are embanked simultaneously with remaining
10 portions of the embankment, a plurality of vertically
| spaced nets being buried so as to intersect
substantially horizontally sliding surfaces appearing
in the layers upon excavation of' the cavity, in which
an upper ceiling portion of the later excavated cavity
15 is prestressed during embankment work by means of at
least crushed stone filling between suppoiting plates
which are buried.resbectively above each of the side
wall portions and coupled by tensioned wires and in
which, after completion of the embanking ﬁork, the
N 20 cavity is excavated by removing embanked material in a
zone surrounded by the side layer portions and
prestressed ceiling portion, so that the structure can
be built within the cavity with the side layers and
ceiling layer stably maintained and prevented from
25 collapsing by the nets buried in the layers.

2. A method according to claim 1, wherein each side
wall portion comprises a cement layer erected inside a
soil layer and a crushed stone layer erected outside
the soil layer..

_—

O



- 16 - 3. - A nethod accordlng to claim2, wherein a plurality of
-additional nets, of snmaller size than the first-nmentioned nets,. are buri ed

in a vertically spaced manner in the cenent. |ayers and said Iayers of 5.the =

Hiportions. 4. A nethod according to any preceding claim mhereln

_ f foanmed styrol are mxed with the crushed stone filling betvwi
the sup ting plates and wherein reinforcing sheets are provided on the
bottom and top surfaces of said crushed stone |ayers. 5. A et hod
according to any preceding claim whgrejn a buried net is positioned at the
m ddl e | evel of said supporting plates bet ween | ayers of the crushed stone
filling and wherein other buried nets 15 and reinforcing sheets are
" provided ig.symet niethodelad¢opdingatd eragem nBj. whereif n@t hod, of

Pgi‘ L?ieﬂ?e ?%‘gg%’;yyz %ru‘i‘{%gie‘{'}s%’é%d‘r aq’t I ?5' gi‘%ii%ﬁ%rllf?ﬁg&her ‘%]_1\1“151111111

first-mentioned nets, are buried in a vertically

- spaced manner in the cement layers and said layers of
S the side wall portions. '

4. A method according to any preceding claim, .
wherein frégments of foamed styrol are mixed with the ot
crushed stone filling between the éupporting plates '
and wherein reinforcing sheets are provided on the
10 bottom and top surfaces of said crushed stone layers.

5. A method according to any preceding claim,
wherein a buried net is positioned at the middle level
of said supporting plates between layers of the
crushed stone filling and wherein other buried nets

15 and reinforcing sheets ate provided in symmetrical
relation to said buried net. '

6. A method of building a cavity structure
substantially as described herein with reference to '
Figs. 2 to 5 of the drawings.

* c L M S *



