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The stendy proocte ob omnag o T er oy vttty
gigtricte in o Lhe urinn ceteors, tae o oe gne o R I N S L I TR T ek
production throagh rrigai va at wo o o Lre g iprre s nf the in-

ductrisnl outpur -re 111 dov varentl W% b oecul net Yo mantaved without
sALeTy bhe element on wnich he vce.v ewirtance of can, of riants and of
sl industpial antiviticl nanri hen e der vianning push worke, e muat
Trom the very heginring e rrgorcu, et with e TEETAR" Y Teht te provide

for ti.e aecegaunry water snppiv.

Mout frequently witer 13 no* 1o be fourd in tne praxtiiiy, byt
wuet b2 transporicd frowm the souir e the eorumer aver long dintances -
some Limes over tens or tundreds of Kilowetrer. kpop the aCcoONCLLL
standpoint, the water tranaport cver suck ionr 3. tances raken nNecLSAATY

the utilization of preasurs conduils,

kot long age water feed conduiis for mrking prs#sure over 2«1 atm
were made in maony couniries of cas! i1run ur stee) pressure pipes.

In orcer to spare ~tenl, aime vonluitr for working pressures between
1~ atm ware made of welded usheete °. m thick, «vhedded in reinforced
conorete cast al the building yard. Ju b a rolucion required however

largs quantities of steel, a greal wnows’ of panpower :nd wag very coltly.

Hecently = whole range of new mu.oriale, Aront vhich rabestos~cement,
rlastics and preatreseed concrete Lave heen used to fabricate water feed
conduits,

Plastic ~onduits are generally limited to cwall diameters (t1ll 150 mm),
reaching only $n special cases 400 mm. Asbesion cemsut sonduits are alse
usually limited to maximum diamotern of 500 ar. Reinforced and prestransed
ooncrete compleie the range of mzierials which are used ns aubstitutes
for metal; condvits of more tham 400 mm Aiareter, up te 700 mn and even

more, Aare gemerally fabricated Trom this materind,

Due to several important technical and economieal wivantages by com-
parisoa with ihe metal tubes the, are replacing, the sroduction of prestreesed
concrete tubes has known a iapge development in Romanin., Among there
advantnges the following are to be menticned:

Snarggg_gf mete|

By wsing presuressed conarrte, © tor of ntee. or £, tenr of cast

iron are gpared for esch m3 presiresged oncreio,

futting of cost price

In Romani. the suet price of Arestrciced concrete ammduita is
approxzimntely 50% lezs than thr cnol opice 00 a5t 1poa ronduity, re-

spuctively 207 lsgn than that of eltesy concdutte,




A _bstter behaviour in case tnr Adriac 1 @ prosures are cxceeded

By comparison with <“ube. frou reinfurced concret«, steel or cast iorn,
the prestress d concrete tubes are no dedtro/ed whon accidentally submitted
to pressures above the expected ones. If such pressures oocur, ths pre-
stressed concrete tubes finsurate bul the fiasures close themselves under
the presiressing effect as soon as the water returns to the normal pressure.
This process doeca't ocour with reinforceg concrete, nteel or cast iron
pipes, which are irrvemediably damaged 1f submitted to abnormal pressures.

Among other advantages of prégtressed concrete conduits the
following must also bs mentioned:

= & repid mounting, for which very simple means are neededs no
welding, izolation or cathodic protect.on are necessary as in
the case of metal conduits;

= & longer durability - the service 1life of a preatressed conorete
conduit is estimated at aboui 100 years, compared with only
25 years for a steel conduitj

i

als.ont no maintenance ia required;
=~ the *aste of water is not altered.

The prestressed concrete tubes are produced in specialised plants
where modern equipment and operating processee are in use. In the last
ten years the production of prestreszsd concrete pressure tubes has
largely developed in Romania, what made pusaitle the successful supply
of towas, of he industry and of the griculivral irriguiion networks
with the required quantities of water. The eight plants now under exploi-
tation in our oountry are ourrently producing centrifugated precompressed
concrete tuves, of which the main characteristics are given in the
following table:

— Ralig & ohameler, mm
choechvridhcs | ujpy|—mdernn .
400 500 662 Mo Yow
' 1
TUBE
Seufer diamelo,

of.the tube 4% | 590
o obr diametor | | o | o
mm| 616 M8 | o8 | 10 | 1304

Do : mm | 5145 | 5445 | 646 | 6175 | ea7s
Rlewsh of e maffie om | 390 | "s98 | "o 640 ?‘Q

& moss Ky or | 1060 | 1267 |20 | 3

8 Xl comerele ol
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The first presiressed concrete tube plant came into lunction in
Romania in 1960 under the Swed.uh vavent "Prerc". By experiments and
research works aarried on* in the ~horatories of our ®esearch Institutes

the types of the tubes being produced as well as the initially adopted
technology huve been ameliorated.

In viev of the above mentioned advantagee the production of prestressed
concrete pressure tubes has steadily inoreasel in Romania and presently
the functioning plants totalise a yearly outpu* of some 800 km, what
renges Romania among the biggest producurs of auch tubes.

The quality control in the producing plants is very strioct, the
technical conditions teing very severe. A 600 § mm tube with the wall
only 30 mm thick must bLe perfectly waterproof when undergoing a hydraulic
pressure test at 25 atm,

The pressure pipes fabricated in the Romanian plants are characterised
also by some important economical advantages, especially ty a small expen-
diture of materials. In the Tollowing table technioal dsta (with reference
t0 stee) and concrete) are given, for a 5,0 m tube, with a service
pressure of 15 ate and a 3,0 m height of the embankment above the upper
@nerating line, '

f - Total weight of
the tu.e
600 1.250
900 2.050
1,000 3,050

The operating process used ty the precast ooncrete plant "Progresul*
in Bucharest for the production of prestressed pressure tubes will mow be
presented. The plant will be visited on March the 29th.

The sain materials used for the fabrication of prestressed tubes
are: sand, gravel, cement and high quality SBP steel wire. The aggregates,
transported from the quarries in tipping waggons, are first discharged in
a reception bunker, from which through a system of conveying bolts they
are deposited under the form of dumps surmounted by s trectle.

From the dumpr the aggresates are taken bty other conveying belts to
a drying staticn where they are passed through dry rotary kilms. Aftervards
they are uplifted by means of an inclined elevator to the level of the
sorting station of the concrete zentral mtatien, uwhere they are sorted
in 5 different fractions.




The cement arrives at the plant in tank-wagpons with pneumatic

diecharge ard is discharged in silo [rom which it is afterwards trans-
ported bya mixed pnewnatic and sec...aic cyutem L0 the ounkers of the

concrete oentral station.

A selfpropelled dosimeter picks the different sorts of aggregates
&8 well as the cement, from the tunkers, weighing them precisely. The
cement and the aggregates are then diecharged in mixerr where they
undergo a foroed mixing, the water dosage being precisely made by auto-
matic dosimeters. When the mixing is finished, the conorete is evaouated
directly in the distriduting bunker which feeds the centrifuge (Pos.1).

The high strength steel wire (fracture strength up to 18,000 kg/ouz)
used for reinforcing the tubes is processed in the plant, by means of
vinding and draiding machinea, in the adequate manner to permit. its use
by special equipment which execute the longitudinal und transversal
reinforoing of the itubes (poa. 5a, b).

T™he fabrication process begine at the loagitudinal reinforoing
machine whioh threade longitudinally two braided wires of 1,5 gauge
on & metal tube, the so called "spool-tube"; thie tube has at eaoch
end a ring vith several mandrels. The machine has a mobile carriage
which, by its to and fro movement threads the wire longitudinally
on the "spocl-tube”™, bending it ove the mandrels of the two rings at
the ends of the metal tube (pos.S o).

The final temsioning of the longitudinal reinforcement is executed
directly on the very robust metal mould consisting of two equal halves
#gidly joined together by belts (pos.5).

The ready made mould is then iaid on the centrifuge (pos.1) as
desoribed above, while, after being prepared in the mixers, the conorete
is diecharged in a modbile bunker which moves longitudinally and whielk
distributes it in a partitioned feeder mounted on a self-propslled

carriage. The concrete is aqually distributed in the compariments
of the feeder,

While the mould rotates at a low speed, the feed trough is intro-
duced in the mould and the concrete is emptied in it; the feed trough
moves then out the mould and the centrifuge begins to rotate the mould
at a nigher speed.

The centrifugaticn itself laets from 15 to 20 minutes. During this
operation a consideratlc amount of water is eliminated from the concrete
on the inner surface of the pipe, due to the centrifugal force. An
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adaquate compaction and & substantial reduction of the factor water -
cement is w0 obtained.

When the nentrifugatie~ is term nated, the mould is transferred
%0 a heat treaiment chamber (pos.3)

In this ohamber the heat treatment is carried out by spraying the
Sube inside with hot water (50°C) about 8 hours long. During this time
the conorete reaches a sufficient sirength to reaist the longitudinal
precompression effort ocouring at striking. After an 8 hours heat treatment
the mininal adnissible strength at striking is 300 kg/om2. To obtain such
strength, high quality cements with initial high strength are used. During
the heat treatment the moulds are transferred to the steaning chambers
by means of mechMnical devioes, so that the workers don't need to eater
spaces with & high temperaturs atmosprere,

When the heat treatment is finished the dubes are evacuated from the
stemming chambers with the aid of mechanical devices which also take out
of the moulds the core tubes (pos.i).

- After striking the core tubes are undergoing & new heat treatment,
in another chander where they remain 24 hours long, during whioh time
they are sprayed inside and outside with hot water ( §O°c). During this
heat treatment the strength of the conorete in the ocore tube is contimully
inereased, rciching at the end the vi ue of about 500 kg/emgs this strength
i8 necessary io take over ti. efioris vccuring during the transversal ‘
reinforcing, These efforts are generally the maximal efforts the tubes
undergo during the whole fabrication process as well asg while in servioe
in the oconduits.

By means of a transversal reinforoing machine a turn of wire is
wound under tension on the outer side of the core tubes, which results
in a trensversal precompression of the core tubes. By using wires of
different gauges ao well as 4Aifferent distances between t). turna, tubes

adequate for pressures and applications ranging between 4 and 30 atm are
to be obtained (pos.8).

The reinforced core tubes are then tranaferred to a platform where
metal pipes - the so-called pressure pipes - are introduced insjde them.

The tubes are maintained under pressure before applying the injected
conorete coating; simultaneously a careful tightness control of the
tubes is carried out.

core
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After th9 concrete injention w6 finisken, thn {nbes are *‘rancferrcd
in a third heat treatmen® cpamber, chere tley are gprayed 24 hours long
with hot waler (40-%0053), Ty means of showers, When the in ectea ooncrete
has hardened, the tubes are trker oul of tris third chember by a mechanizel
device, the pressure ocores are lismentled and the water in the inner of

the tutes ie cvscuated {pos.7},

¥

The nexti operation oonsisis in the de'achment o7 the two rings with
mandrels at the ends of the tubexz, by cutting the lungitudinal reinfloreing
wires. The operation iz executed with a machi e equipped with rwo carriages
on which cutiing abramive discr are rotating (pos.i3).

The last operation of vhe fabricarion process is carried out with
a grinding machine; by masns of preuratic grindars, the ipner dimension
of the coupling and the outer dimensinm 3f the heads of Lhe tuben Are
Qﬁjuatté'u 45 eomply with the admissihle toleranca limite which guarantse
the tightness when fi‘ting the ‘ubes in o conduit [pos.14). The dimensions
are measured with apecial gaumes the precinion of which is £ 1 mm,

After the fabmication procese (g ended the tubes underge a preseurs
test, under condiiions similar %o t ome prevailing in the oconduit. Eash
tube is mouated on a etand for hydranlic preasure testing. The i{uner
prescure is mainiained by applying metal ceps with rubber gaskets at Both
ends of the tube., The test is carried out at a pre<sure approximately
5 atm higher than 4he asrvice prassure to which the tubex will be submitied
when £'ited in the conduit (pos.1%).

Besides thie usual test, other tests of effopts on the genersting
1fne are perisdically carried out wi*h the aid of a epecis) cquipment,
Thesa tests are perfcmed on 1 m long se-tions and the seciions gemerally
resist to loads of approximately 310 tons on tha linear metre,

Long term tests are also carrien vut on & conduct mounted in a special
test atand from precompreassed concrete. Thene tcuts are made in onder to
verify ihe tightness of the ‘ubes and of the joint in the long run,

After undergoing the arove mentioned ‘esis, the ‘ubes are siacred
in storage by diameters and prapsures. Wiile in wztorage ‘hey are epraved
with water 7 days long.  The stornge has o portal crane of 7 m span
with two cantiiever of € m sant and with = lead 'ifting capseaty up to

5 tons {pos.15).
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They are Loxicd witt e JLY L F ihe peToo arans direculy on the
wagions, «here Lbey Vioid dowr on aocden wuppnris in two cr three
superposad Jevels, Fatr sqbe gerivared oo toe plant ig muTkea with the

rain characteristios, ang i€ ancommariet By A cevtiticaie of guality.

At the buildiag yard = intermedinny ntoraye provided with mechanized
discnharge equipmert 13 eet up, shers the Libeg are atac«wed in the 3ame

conditions ms At the nlant.

A special care must be aivea e .he discharge and hLandling of the
tubes, to avoid shocks which covid lead to Fiewuring. Uegraded tubes
are the aource of consider~bie trouble un the varde, because the faulte
ecan be detected oary when (nie DIes3Urc 1.a* in the conduit is ecarried

out, generally on each kilometre a¢ 2 mounted condvid.

From the intcrmediary storase the tubes e charged on platform
trailers and tranaported to tue mouniing place. Tf the ground is troubled

the transport is carried out on gledgnn 1nwed by saterpillar tractors.

The ‘ube, e 12id dowm aleay the Aiter whers they are ruspended with
cables, litted .nth a oraac ard firally Jet down in the ditch, near the
end o1 the ronduit. Fach tule is t 20 ot voth endz with cables at which

t

sackns are attached, to mare poasibice the exesavion oF rinings.

 after the rubber gasket Ly apniisl neanr ite evtremi‘y, the tube is
brought near the end »i' the conduit, = space of atout © mn remaining free
(fig. 2). Tne rubrer gastet i= rolled 8e ne to reach the free epace between
two ad joining tubes: one of Lue tubes is thea pressed into the other by
means of the cables a* vhich jacks re uttached. Meanwhile the rubber

gasket roils inside the .oininz, by applyving & sirong pressure.

It the lay-out of the sorduit chahges its Airection, aeviations wp
to 230" are admissible, Tii: amounts to & displacement of about 20 om
with regard to the atis ot fne Fopper nounbed tibe, the meanurement being
made at the enl of the devin.ed tube.

The sarth Filling urder ine tube is carcied out 1. two stages. In
the first one, which i rarvied oul before the rrevouce tent, the filling
up avound the tlube i3 ercated, the erup)ing resnining partially free, 80

shat even*ual wetel onbonzer ot sbe gasitot eon be conected,

IS

Tn the second niage *he fiiling is carried on!l up o the ground level.
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The wmounting 7 tue oabes 1o 0 simole and a very nroductive

operation. A wartin teon o J oten c.n aount Aaily abeut 30 tube2r, which

13

amounts Lo an averwre of 150 linear a o ires ol conduitoc.

Before baing put into eervice, the conduit undergoze some tigh'ness i
hydraulic tects, in order %o verifv if the mounting has oeen carried out
in adequate condi:ion: (the .ighincesr of the joininms is verified) and
if the tuhes were not deteriorat=3i during their transportation and handling.

The {ollowiag two tests are carricé out:
a) A test on 2 single certion

b) A test on asveral secticns.

By the test on a ringle saection sach tube and each joining are
separately verified, unile by ‘est on jevernl sectiont the joinings
between them are verified.

The testing section !s generally of about 1-2 kilometires long.

At the ends of the sections temminal anchiorage blocks from comorete
or wood are provided for, to lake over the pushing efforts in the conduit.

Befor: filling *he teeted section with mter, its ends are shut with
special stee! covers which rest on the terminal wall of the diteh or on
the conerete block, ihich must he dimencioned adequately for the testing
pressure in the conduit.

The waler pressure is gridn~!ly ~:iged 4r the condulit to the maximum
atipulated value, while verifying the tightneas of the joinings between
the tubse, (fig.4).

If during the service gome sever: damage ie detectad, the damaged
tube nuest be replaced withou! delay.

This tube is first to be obroken on a 20 em long section by means of
specinl grinders or of steel picks. The danaged zeelion must be then
removed and repiaced by a section of the same length, on which a steel
sleeve with two flanges with rubber geskets and binding bolts has been
previously mounied. The nz=w section is joined with the ad joining tube
by the usual mounting prcoedure. {fig.3).

The stenl sleeve ig then displaced in the axis of the free aspace to

nbtain the continuity of the conduit. Bv ‘i1ghtening the binding bolts of
the flanges the rubher gasyetu are preesad, 30 that +he joining between |

the wiereve and the 'ube bpecrmes materpron’, j




B, meaas of nome toe~ial stecl orosnac dvna ramnonenta,  ramifications,
eurved, roductions #5 wer. ai ks meuanioae of valves sree posv o bie in prestressed

concrete crnauits.

Up to the present aivcat 3500 kiicmetres of conduits from prestressed
concrete pressure tubes have beer. executed for feeding water to towms, in-
dustrial centors ag well as for irrigating agricultural lande. Among the
»o3t important works, the following conduits for supplying water for some
great centars can be nentionedt

The feed conduit of Craiova, 120 km long, 10 ata pressure,
¢ 1000 mn.

The feed oonduit of the industrial combine grove Slodosia, which

consints of two 60 im long conduits, § 1000 mm, service preassure
10 atm,

The feed conduit of Iassy, 100 km long, § 1000 mm, service pressure
10 atm,

The feed conduit of Budapest, 10 km long, § 1000 mm,

Due to the described fabrication proocess as wel]l as t0 the quality of
the matoriale, during the twelve years pariod since the prestressed
conorets pressure conduits have been utilised no accidents have oocured
either in Romania or in the other countriee where tubes have been exported.
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