Construction

Curved blade cuts
tunnel arch

An ltalian company has designed a
machine mounted with a specially
made 1500 mm diameter concave
diamond sawblade which is capable of
farming a perfect curved cut in tunnel
archways. This method has been used
successfully to create safety alcoves
in twer road tunnels in northern Italy.

acient changes in Kalian safaty lws

for motarway tunnels included the
provison of alcovas within the tunnals
to provide a refuge for drivers and
passangers. On the stratch of the A32 from
Turin to Bardonecchia, this work was the
responsibility of SITAE the authority in
charge of the maimtenancs of motareay
twnnals im the area of Frejus,

Two tunnels at Cels and Prapontin wera
constructed with concrate arches, S min
digmeter and betwesn 500and 700 mm in
thicknass, Thess had to have nearly 100
alcowes built, weith the work being camried
ot by concrede saaing of an apening in the
tunnel anch and than farming the complabed
alcove within this working envelope
[Figi 1), The concrete cutting work wis
subcontracted o local company Tondin srl,

Tha main restraint in carrying out the
weirk wis the nesd to keep ong of the two
traffic lanes open at all timas, This ruled
out conventional pohegonal cuts 1o form
the arch, bacawse this would reguire
propping of the structure which swwould
infrimge on the roadway. it would also
cause problems in terms of the time
needed to complate the work

Cutting with diamond wire using a
pantograph wouwld have baan ideal, but
this was also ruled out, because it was a
‘blind” cut and there was na way of
threading the wire through the concrete,

Taking inspiration from theway that Ikalian
marhle workers obtain a round cut in plane
surface by using a small concave daamand
blade with & manual maching, Tondin
decided to produce a much bigger maching
with a bigger blade that enables a cut to ba
misde which follows a curvid line on an
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arched swrface with a diameater of 5 m to
a depth of G50 mm (Fig 2). The tvea main
difficultias the company faced were that
the surface to b cul was not plane like a
slab, butwas curved, and that in order 1o cut
£50 mm deeg a blade of 1500 mm diameter
with a concave shape was requined
The movermiznt of the machine and the
shaps of the blade had to be designed o
obtain & cut thot had ta be horzontal in the
upger part af the arch and perpendicular
to the tangent of the tunnel surface further
dowm. To make a machine with the proper
movaemant and a blade with that shaps
was consideraed to ba impossible, soitwas
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Fig 1 |abme} Schematic showing details
af cuf arpas and news constructios

Fiy 2 Jap; Completed cul de teresl wall

Fig 3 jieft] The specilly made concane
diamond sowhlades used for the cutting
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agresd that a cutting olerance of betwesn
50 and 70 mm was scceptable. on this
basis, Tondin s81 shoutl designing the
miaching and sawblads
Cine requiremment was that the arm of the
miachine must be capable of Bchisving a
cut with both a larger and smallar radius
&0 that it could be usad in other construction
worrks where tuninal arch radil would be
differant. Also, particular attention had to
b paid fo designing the mechamsm which
would mowe the bisde becasa with a so
big radas is had 1o Da reguisr in operstion
wihen going wo as weall 85 coming down. The
weaig bt af the bessd, T blade and the arm
salf all combsred to creats an aocekeraton
when coming down but wauld be reutral
when cutting the upper part of the arch,
Tondin realised that there was no
company around that was producing
conoave sawblades of the 1500 mm
diameter size required for this [ak, aa it
decided to manutaciure the blades itself.
Irv i ened, the company prodesced peao
types of sawblade blank, ona 1000 mm
clmmeter for pre-cutting and ooe 1600 mim
diamater to complete the full 650 mm
clepth To alvtain e reguored Sieke run ol
of 0.2 mm for the 1000 mm blade and 0.6
mim for the 1500 mm blede, together
with achieving the proper concave shapa
weies very difficult. The blanks wera 4 mm
thick for both sizes and the ateef usad waa
not that wsed for comventional blanks
but of a specification suitable for forming
thi special concive Shape required.
ltatian diamond icolmaker, Diamani-0
Sph. supplied the segrens at very shart
notice. Segment length was 20 mm and
hmight @ mm for bath Blades, with the
thickness being 6.5 mm for the smallar
biladle and B.0 mm for the lorger one (Fig 3},
A gandwich type design was wsed in baoth
segpments using 4150 LIz mash high quality
ciamand grit. This geve pood cuftimg resulis
from the stort, but was modified slightly for
the first re-tip b0 Bohieve even bener resulis.
To maintsin a constant dapth of cut, the
cutting heat had 1o be consiamly montored
as it followed the curved surface of the
tunnsl, Also, with the rosd BEing open to
traffic during the weork (Fig 4), safety was an
mmpariant factor s oty suthorsed people
wera allowed within the working zone.
A a powesr of 16 1o 20 KW {Fig B), 1ha
miachine achiaved a cutting rate of 0.8 to
1.5 méthr, Fermheral speed was betwoeon
40 and 45 m/s.
To facilitate final remaval of the
concrete into more manageahbs blocks,
twwr wizrbical and beo horieobsl culs wene

made. Depanding on the quality of tha
rainforcad concrate, 8 two-man working
team ook babwean 1ta 1%% days to finish
cutting out each alcowvae.

With repetitive work such &8s this in
ralatively dangerous working conditions,
the use of specially-mads machines and
tools such as these anabled the project to
De competed in the munlimum orf Thrme arsi]
therefore with the maximum of safety. To
o, 7h aleowes hdiee Boean cut oot and the
method can be used on other tunnel erches
a% wainl| @ on plane concrote surfaces, In
addition to the normal banefits abtained
wath didsmond cutting (preces cuts, mEsmuim
structural demags, epeed of work, reduced
wibration and nosse, ¢le) this method also
produces an arched vault that in many
cases can b sell-siepporting, #

Fig & [abeove) Conerete being jeck-hammerad
ovedry o form the alcove

Fig§ |top} Concave shapes diamond sawhiade
cul @ ewcle of radiue of 5 m through a tickness
ol SO0 « 70 mem ol comcredn arched tumnel
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