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XIlI. Svetovy kongres FIP 1998 v Amsterdame
Prihovor prezidenta Slovenského komitetu FIP

Xiiit FIP 1998 World Congress
Address of the President of the Slovak FIP Committee

Je nés viac takych, ktorym sa zda, Ze Stvorroéné obdobia
medzi jednotlivymi kongresmi FIP sa skracuju. Rychle
temto sveta poéitatov a sieti dynamizuje nas Zivot.
Objavuji sa ndm nové javy a nové pojmy a jeden novy
jav — globalizacia — nas, ktori sa zaoberame betonom,
priamo ovplyvfiuje. V ramci tendencie odstrafiovania
hranic a spajania sa, aj v naom profesnom priestore, sa
odohrala vyznamna udalost — spojenie CEB a FIP do
jedného spolo&ného zoskupenia FIB. Celkom logicky sa
nebudeme zaoberaf zvlast predpatym beténom alebo
selezobeténom — nas zékladny material bude vystuZeny
betén.

Nadejam sa, Ze novéa organizacia nam pombie
zachovaf zdravé a rozumné proporcie medzi vypottovou
technikou a fudskou invenciou s novymi mySlienkami a
zmyslom pre krasu.

Uvedomme si, e betén moZno nazval umelym
kamefiom a z kamefia sa po starotia vytvérali sochy
a stavby s vysokou UZitkovosfou a umeleckou hodnotou.

S prianim, aby sa e3te viac snubila krasa, UZitkova
hodnota a uspornost, hlfadajme na Kongrese FIP '98
nové podnety a nové vzory. Aj my na Slovensku mame
%o ukazat — za ostatné Styri roky sa navrhli a postavili
pekné aj uZitofné stavby z vystuZeného beténu. V
predkladanej narodnej sprave podavame svedectvo O
dosiahnutych vysledkoch a domnievam sa, Ze odborna
verejnost oceni vysledky nasho usilia.

Ing. Gabriel Tevec
prezident Slovenského komitétu FIP

&

Quite of few of us here have the impression that the four-
year intervals between individual FIP congresses are
getting shorter and shorter. Rapid pace of the world of
computers and networks increases the dynamics of our
lives. New phenomena and new concepts keep emerging
and one such new phenomenon — globalisation — has a
direct bearing for us, people dealing with concrete. The
trend towards removing the borders and towards integ-
ration has also brought one important event in our pro-
fessional space — integration of CEB and FIP into one
grouping, the FIB. Quite logically, we are not going to
deal separately with prestressed concrete and with rein-
forced concrete — our basic material will be reinforced
prestressed concrete.

| hope that the new organisation will help us preserve
sound and reasonable proportions between information
technology on the one hand and human invention with
new ideas and sense of beauty on the other hand.

We should keep in mind that concrete could also be
called artificial stone and that it was stone that had been
used for centuries to make sculptures and structures with
a high utility and artistic value.

Let us strive to achieve an even closer connection
between beauty, effective value and economy and let us
look for new impulses and new models at this FIB Con-
gress. Also we in Slovakia have the things we could show
— attractive and useful structures from reinforced concre-
te were built here during the last four years. The national
report we are submitting given an account of the results
we have reached and i hope that the professional com-
munity will appreciate the outcome of our efforts.

Ing. Gabriel Tevec
President Slovak Commitee of FIP
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Sanacia predpatia na viadukle'Podl!lreii
— meranie napatosti predpinacich kablov

a teploty nosnej konstrukcie
Redevelopment of prestressing of viaduct Podturen
— measurements of stresses in prestressed tendons

and temperature of bearing structure

Milan CHANDOGA -

Rekonstrukcia estakady Podturefi je spojena aj s Cias-
toénou sanaciou predpétia pomocou kablov umiestne-
nych v komore tramu. Na sanécii sa vyznamne podiela
aj firma PROJSTAR PK, s. r. 0. Okrem dodavky kotev-
nych systémov vykonala firma PROJSTAR na moste aj
rozsiahle merania napatosti vonkajsich kablov a teploty
nosnej konStrukcie mosta. V prispevku su uvedené nie-
ktoré vysledky merani, ktoré boli realizované pri sanacii
mosta A.

Odborny odhad potrebného rozsahu rekonstrukcie
predpatia vychadzal z podrobného monitoringu. Endo-
skopicka metéda, pouZitd na uréenie korozivneho stavu
predpinacich prvkov, umoZfuje nahliadnuf na predpina-
cie lané len v pozorovanych miestach. Preto stav pred-
pétia oznadeny ako dobry nemusi uz platif niekolko cen-
timetrov od pozorovaného miesta. Daldim nedostatkom
metddy je, Ze je zaloZend len na vizualnom odhade stup-
fia korozie. Skutoény Ubytok prierezovej plochy predpi-
nacej vystuZe mdZe byt podstatne vacési. Zakonzervova-
nie starého predpatia sa uskutoénilo pomocou reinjekta-
Ze kablovych kanalikov. ReinjektaZz slGZi hlavne na za-
stavenie dal3ej kor6zie a nedokaZe odstranif lokalne
zvySenie napétosti kabla v mieste, kde nastal Ubytok
prierezovej plochy kvoli korozii. Akokolvek precizne vy-
konana reinjektaz nemusi byt zarukou, Ze niektoré mies-
ta zostanu aj nadalej nezainjektované.

Ciel merania

Spravanie sa nosnej konstrukcie po reinjektazi starého
predpétia a napnuti vonkajsich kablov musi byt predme-
tom dlhodobého zdujmu prevadzkovatela. Pristupnost
vonkajSich kablov a jasné podmienky ich statického pé-
sobenia poskytuju prileZitosf posudzovat vlastnosti nos-
nej konstrukcie podla zmien napatosti volnych kablov. Ak
pocas prevadzky nosnej konStrukcie nastane daldia de-
gradacia starého predpinacieho systému, prejavi sa to v
zmene napétosti vonkajSich kablov.

Vysoka pracnost a znaéné naklady na zhotovenie
vonkajsich kablov pri rekonStrukciach nitia projektantov
navrhovaf dihé kable, ktoré prechadzaju cez viaceré

Doc. Ing. Milan Chandoga, CSc. — Stavebnéa fakulta STU Bra-
tislava; Doc. RNDr. Andrej JaroSevi¢, CSc. — Matematicko-fyzi-
kélna fakulta UK Bratislava.

Andrej JAROSEVIC

Reconstruction of viaduct Podturefi is connected with
partial redevelopment of prestressing with using the ten-
dons inside the box girders. Company PROJSTAR PK,
s. r. 0. is involved in this project. Besides suplies of an-
choring systems company PROJSTAR PK, s. r. 0. car-
ried out large measurements of stresses in external ten-
dons and temperature of bearing bridge structure. The
contribution presents some of measurement results,
which were obtained during redevelopment of bridge A.

Professional assesment of necessary amount of pre-
stressing was based on detailed monitoring. Endoscopic
method, that was used to determine the level of corro-
sion of prestressing, allows to observe prestressed
strands only in particular sections selected for observa-
tion. Therefore the result ,good” might not be correct few
centimeters away of this section. The method is based
only on visual assesment of degree of corrosion, which
is another imperfection of this method. The real decrease
in cross-sectional area of prestressing steel can be sig-
nificantly higher. Preservation of old prestressing was
done by re-grouting of ducts. Re-grouting is supposed
mainly to stop the process of corrosion. It is not capable
to remove the local increase in stress of tendon in the
section, where the cross-sectional area of prestressing
steel is reduced due to corrosion. However the re-grou-
ting, though very thoroughly done, can not guarrantee
that some sections would not be left ungrouted.

The aim of measurements

Behaviour of structure after re-grouting of old prestress-
ing and installing of external tendons should be the sub-
ject of long-term interrest of owner. The accessibility of
external tendons and clear condition of their static func-
tion allow to verify the properties of bearing structure
according to changes in stresses in external tendons.
When further degradation of old prestressing system
appears during the service of structure, it will result in
change of stresses in external tendons.

High labour consumption and costs of installation of
exte_mal tendons in reconstruction force engineers to
dgmgn long tendons that go through more deviators and
diaphragms in support cross-sections. It is not always
possible to keep recommended radius of curvature and
detailing. Problems arise also during tensioning of ten-

e
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dons. Moving of heavy stressing
equipments in girder boxes is usually
limited if not impossible, therefore
stressing can be applied only from
one side, or with mono-strand stres-
sing-jack tensioning one strand after
another, respectively. In both cases it
is very important for an engineer to
have a possibility already during time
of stressing to verify the real force
along the tendon and compare this
value with the one, used in calcula-
tion.

Standard contact system of force
measurement with ring tensometric
dynamometer allows to measure
stresses in tendon only in anchor. In
this case the change in stresses in
external tendons must be measured in
details. More than 10 years a magne-
to-elastic method for stress measure-
ment has been succesfully used. In
Czech and Slovak Republic already
14 bridge structures uptill now. All
important reconstruction of bridges
and strenghtening with external ten-
dons are necessarily connected with
magneto-elastic monitoring system.

KABEL
TENDON DC1 K6 P

TENDON DC2 K13 P

pc2K2p

g

DCIK2P

Stress measurement
of external tendons

T B KI3P | External tendons used in reconstruc-

tion of bridge ,A" of viaduct Podturefi
are created from 10 unbonded strands
Monostrand, sheathed in PE duct 110/
6.6 mm and grouted after stressing
with cement grout. Tendons are an-
chored with anchorage system PROJ-
STAR AR CH-10/2S-VK adjusted for
possible replacement.

Obr. 1. Geometria charakteristickych kablov
Fig. 1. Geometry of typical tendons

deviatory a nadpodporové prie€niky. Nie vidy je moZné
dodrZat odpori&ané polomery krivosti a konStrukéné rie-
Senia. Nemalé problémy vznikaju pri predpinani kablov.
Premiestiiovanie faZkych predpinacich zariadeni v komo-
rach je zvytajne obmedzené, ak nie nemoZné, a preto
sa musi predpinaf len z jednej strany, resp. jednolano-
vym lisom po jednotlivych lanach. V obidvoch pripadoch
je pre projektanta velmi dbleZité, aby si u v Stadiu predpi-
nania mohol overit skuto&n(i predpinaciu silu po diZzke kab-
la a porovnaf ju s hodnotou, ktori uvaZoval vo vypoéte.
Standardny kontaktny systém merania sily pomocou
prstencového tenzometrického dynamometra umoZiiuje
meraf napétost kabla iba v jeho kotveni. Zmenu napa-
tosti volnych kablov v tomto pripade treba merat podrob-
nejSie. UZ viac ako 10 rokov sa na meranie napétosti
Uspedne gouﬂva magnetoelastickd metéda. Na Sloven-
sku a v Cechach je to uZ 14 mostnych objektov. VSetky
vyznamnejSie rekon&trukcie mostov a zosilfiovanie po-
mocou vonkajSich kablov su neodmyslitelne spojené s
magnetoelastickym monitorovacim systémom.

On the request of designer 19

magneto-elastic detectin elements

(sensors) of force H110 HC were in-

stalled on external tendons. These sensors have to serve

mainly for long-term monitoring of force changes in ex-

ternal tendons. However they were also used for quality

control of prestressing and for verification of real values

of prestressing force in particular sections of tendon.
Together 8 external tendons were measured.

Fig. 1 shows a scheme of external tendons and po-
sitions of sensors along the tendon. Sensors are marked
with numbers SM1 to SM20. The procedure of stressing
of tendons is shown with bold arrow. The tendon
DC3K13P was stressed from both sides, the rest of ten-
dons was tensioned from one side. Sensors (Fig. 3) have
rigid structure and are made with part of PE duct of 0.5
m long, which has same diameter as the tendon and is
installed on this tendon with two PE collar. Before instal-
lation on site all sensors were calibrated in testing stand
for full prestressing force.

The results of all measurements are presented on
Fig. 1 for one tendon and in Tab. 1 together with infor-
mation about the tendon geometry and position of sen-
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Meranie napatosti vonkajSich kablov

Vonkajsie kable pouZité na rekontrukciu predpatia mos-
ta A estakady Podturefi su zostavené z 10 kusov nesu-
drinych 1an MONOSTRAND umiestnenych v PE rure
110/6,6 mm, ktora je po napnuti zainjektovana cemento-
vou maltou. Kable st kotvené pomocou kotevného sys-
tému PROJSTAR CH-10/25-VK upraveného pre even-
tuédlnu vymenitelnost.

Na vonkaj&ich kabloch mosta A bolo osadenych pod-
la poZiadavky projektanta 19 magnetoelastickych snima-
gov sily H110HC. Tieto snimate maju sluZif hlavne na
dlhodobé monitorovanie zmien sily vo volne vedenych
kabloch. Snimad&e boli vyuZité aj na kontrolu kvality pred-
pinania vonkajich kablov a na overenie skutognych
hodnét sily v jednotlivych rezoch kabla. Celkove bolo
meranych 8 vonkajich kéblov.

Na obr. 1 st schematicky vykreslené vonkajSie kable
a poloha snima&ov po diZke kabla. Snimage su oznale-
né SM1 aZ SM20. Spésob napinania kablov je vyznace-
ny hrubou Sipkou. Kabel DC3K13P bol napinany z obi-
dvoch stran, ostatné len z jednej strany. Snimace (obr. 3)
maijl pevnu konStrukciu a sU vyrobené aj s €astou poly-
etylénovej rary dizky 0,5 m rovnakého priemeru ako
kabel, na ktory sa pripoji dvojicou PE manZiet. Pred
osadenim na stavbe boli vietky snimace kalibrované v
skusobnom stande na pinu predpinaciu silu.

L x0 400 800 8O 1000 1200 1400 1600 1800 2000
BAA ¥ PREDFACO LIS / 1N

Obr. 2. Priebeh sily v Jednotlivych rezoch kédbla DC1 K6P
pri predpinani

Fig. 2. Values of force in aprticular sections of tendon DC1
K6P during stresing

sors — it means the total length of all straight parts and
sum of angles in all curvatures from active anchor to the
middle of particular sensor.

Column ,7" shows measured value of force in parti-
cular section of a tendon.

Column ,6* shows theoretical value of force in parti-
cular section calculated from design values of anchoring
stress 1,300 MPa and coefficient of friction p = 0.1.

In column 8" is the difference between real value and
design value of force (in %). As it is seen the difference

Tabulka 1. Viadukt Podtureih — most A — porovnanie teoretickej a nameranej sily vo velnych kabloch

Table 1. Bridge A" Podturefi - comparison of theoretical

and measured forces in external tendons

NAMERANA
’ SUMA SUMA NAMERANA slumm
DEN A CAS prawven | unov | PR | wobnota orary | NAMERANE | ZAXOTE
PREDPINANIA KABEL SNIMAC USEKOV [m] [deg) anmw Fm/MN (FovFi-1) TY | STRATY %] 4
DAY AND TIME OF | TENDON SENSOR SUM OF SUMOF | o o e |MEASURED |  *100 1% MEASURED mmac:
PRESTRESSING STRAIGHT | ANGLES | "L 0 VALUE CALC. LOSS [%) - =
LENGTHS [m) [deg] Fr/MN T
s ANCHORING
Fa/MN
1 2 3 4 5 6 7 8 9 10 11
25.09.97 13:30 | DC1K6P | SM1 AKT 24.500 0.000 1.840 1.811 -1.52 0.00 0.00 1.799
SM2 95.208 42.960 1.707 1.663 -2.66 7.22 8.20 1.663
SM3 97.058 52.739 | 1.678 1.648 -1,78 8.79 9.01 1.648
SM4 197.941 66.502 1.638 1.599 -2.35 10.96 11.70 1.599
27.10.97 8:50 DC3K2P | SMB8 AKT 29.943 1.196 1.836 1.845 0.49 0.00 0.00 1.828
SM7 96.860 35.198 1.730 1.746 0.93 5.76 5.35 1.748
SM6 201.743 65.978 | 1.639 1.649 0.60 10.69 10.59 1.650
27.10.97 13:20 | DC3K13P | SM12 AKT 27.905 1.692 1.834 1.831 0.17 0.00 0.00 1.808
SM15 96.887 45.208 | 1.700 1.717 0.98 7.31 6.24 1.719
SM16 53.780 38.448 | 1.720 1.785 3.78 4.66 4.45 1.788
SM13 AKT 9.200 11.092 1.804 1.868 3.54 0.00 0.00 1.836
28,10.97 13:10 | DC3K4P | SM18 AKT 18.350 2.361 1.832 1.825 -0.37 1.789
22.11.978:30 | DC2ZK2ZP | SM9 AKT 97.343 35.531 1.729 1.639 -5.17 0.00 0.00 1.638
SM11 218.236 56.311 1.667 1.584 -5.01 3.56 3.40 1.583
22.11.97 10:50 | DC2K13P | SM10 AKT 26.705 1.692 1.834 1.819 -0.81 0.00 0.00 1.795
SM19 93.972 31.600 1.741 1.714 -1.56 5.09 5.80 1.713
SM5 211.927 52.769 | 1.678 1.677 0.04 7.01 7.82 1.677
29.11.97 9:00 DC2K4P | SM20 AKT 13.850 2.248 1.832 1.833 0.04 1.811
29.11.97 10:50 | DC2K17P | SM17 AKT 15.850 2.379 1.832 1.870 2.09 1.849
Rozdiel medzi skutoénou a projektovanou hodnotou sily aver [%] |stdev [%)]
Difference between measured and deslgned force -0.47 2.38
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Vysledky vietkych merani sU zhrnuté v tab. 1 aj s
adajmi o geometrii kadbla a umiestneni snimagov t. |.
sizet dizok vietkych priamych Usekov a suget uhlov vo
vietkych zakriveniach od aktivnej kotvy aZ po stred da-
ného snimaca.

V stlpci 7 je uvedena skutoéne namerand hodnota sily
v danom reze kébla.

V stlpci 6 je teoretickd hodnota sily v danom mieste
kabla vypotitana z projektovych hodn&t kotevného na-
patia 1 300 MPa a koeficienta trenia v zakriveni u = 0,1.

V stlpci 8 je rozdiel medzi skutoénou a projektovou
hodnotou sily v percentach. Ako je vidief, rozdiel medzi
skuto&nou a projektovou silou v 19 meranych miestach
je -0,47 %.

V stipci 9 je hodnota strét sily v percentach po dizke
kébla v porovnani so snimafom na aktivnej strane kabla.
V pripade obojstranne napinaného kabla DC3K13P su
straty potitané zvlast pre dvojicu snimaéov SM12, SM15
a SM13, SM16. Skuto&ne namerané straty sily su porov-
nané s teoreticky spo&itanymi v stipci 10.

V poslednom stipci je uvedena hodnota sily v mera-
nych miestach po zakotveni kabla.

Vypoéet koeficientov trenia

Na zéklade znamej geometrie kabla a experimentaine
nameranych hodnét sily v jednotlivych rezoch kabla je
mozné vypoditat hodnoty koeficientov trenia v priamom
Useku k a v zakriveni p. Ako vychodiskové hodnoty sa
pouzili dizky rovnych (sekov kabla I, uhly v deviatoroch
a prieénikoch a a experimentaine namerané straty v jed-
notlivych rezoch kabla s,

Trenie sa poéitalo pre jednostranne napinané kable,
na ktorych boli osadené najmenej tri snimace, t.j. kable
DC1 K6P, CD3 K13P a DC2 K13P. Z experimentaine
nameranych hodnét sily v rezoch SM1 az SMi vypotita-
me normované straty, t. j. pomery F/F, a porovnanim s
teoreticky vypoé&itanymi stratami v tychto rezoch ziska-
me slstavu dvoch alebo troch nelinearnych rovnic pre
hodnoty koeficientov trenia v priamom Useku k a v zakri-
veni p. Tato sUstavu rovnic moZno riedif iba priblizne,
vypoé&itané hodnoty s najlepim priblizenim v zmysle
metédy najmensich Stvorcov. Normované straty sa vypo-
&itali z hodnét sily pri plnej hodnote predpinacej sily na
aktivnej strane. Treba maf na zreteli, Ze na presny vypo-
¢et hodndt koeficientov trenia nestaéi ani neistota rela-
tivneho merania sily 0,5 %.

Z vypotitanych hodndt koeficientov trenia v rovnom
useku a zakriveni vyplyva, Ze projektova hodnota koefi-
cienta trenia v zakriveni u = 0,1 zodpoveda dobre sku-
tognosti, koeficient trenia v rovnom Useku k v3ak nie je
celkom zanedbatelny, pravdepodobna hodnota je k =
= 0,0001 m" (niektori vyrobcovia odporuéaju uvaZovat
hodnotu 0,001 m™). Pri kabloch dizky 200 m to predsta-
vuje pridavnu stratu sily na konci kéabla priblizne 2 %.
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Obr. 3. Snimaé sily H110 HC
Fig. 3. Magneto-elastic sensor of force H110 HC

between real value and design value in 19 measured
sections is -0.47 %.

Column 9" shows the value of losses of force in %
along the tendon, from sensor’s view on active side of a
tendon. In the case of tendon DC3K13P, which was ten-
sioned from both sides, the losses are calculated for
sensor couples SM12, SM15 and SM13, SM16. The real
measured losses in force are compared with those the-
oretically calculated and are shown in column 10

The last column presents the values of force in mea-
sured sections after tendon anchoring.

Calculation of coefficient of friction

On the base of known geometry of tendon and experi-
mentally measured values of force in particular sections
of tendon it is possible to calculate values of coefficient
of friction in straight parts k an in curvature p. The input
data were: lengths of straight parts of tendon /, angles in
deviators and diaphragms a, and experimentally mea-
sured losses in all sections of a tendon s,

The friction was calculated for tendons tensioned
from one side that had at least three sensors installed
(tendons DC1 K6P, DC3 K13P, and DC2 K13P). From
experimentally obtained values of force in sections SM1
to SMi we can calculate the normed losses (it means the
relation F/F ) and from comparison with theoretically cal-
culated losses in these sections we can get the system
of two or three non-linear equations for values of coeffi-
cient of friction in straight parts k and in curvature u. This
system of equations can be solved only approximately,
the calculated values are the best approximation accor-
ding to method of minimum squares. Normed losses were
calculated from values of force based on full value of
stressing force on active side. It is necessary to remem-
ber that for exact calculation of coefficient of friction even
the uncertainty of relative measurement of force 0.5 % is
not sufficient.

From calculated values of coefficient of friction in
straight parts and curvatures it is clear that the design
value of coefficient of friction in curvature (u = 0.1) is
adequate with respect to reality. However the coefficient
of triction in straight part k should not be neglected, prob-
able value is k = 0.0001 m"' (some producers recommend
to take the value 0.001 m"'). In tendons 200 m long it
means additional loss of force at the end of a tendon
approximately 2 %.
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Vysokohodnotny beton pre prax
High guality concrete for practical use

Ludovit NAD - Marian UHRIN - Viadimir SIMKO

V intenciach zvy$eného zaujmu zékladného a aplikova-
ného vyskumu, ako aj stavebnej praxe o vysokohodnot-
ny betén — betén vysokych pevnosti — vo vyspelych
europskych Statoch a vo svete v poslednom desafrodi,
sa u nas touto problematikou zaobera aj vyskumno-ob-
chodnéa spolo&nost BETON VUIS, s. r. o. Bratislava v
spolupraci s InZinierskymi stavbami, a. s. Kosice. Betén
vysokych pevnosti, ako kvalitativne lepsi konstrukény
material v porovnani s oby&ajnym beténom, laka inZinie-
rov vyuZif ho v praxi, nakolko ponika nové moZnosti.
Vyuzitie vysokopevnostnych beténov je vSak podmiene-
né dbkladnym oboznamenim sa s vlastnosfami a para-
metrami tohto kvalitativne nového materialu a zaroven
prijatim potrebnych technickych noriem a predpisov.

Na pracovisku BETON VUIS je rieSenie zamerané na
konkrétne podmienky materialovej zakladne vychodoslo-
venského regiénu. Vyroba beténu vysokych pevnostni sa
overovala v r. 1997 v centralnej betonarni InZinierskych
stavieb, a. s. v KoSiciach.

Pri sledovani vyznamnych charakteristik beténov vy-
sokych pevnosti vo vyskume navrhovania mostnych kon-
Strukcii sa zohfadfiuju podmienky vyuZitia zakladnych
zloZiek beténu zo zapadného Slovenska.

Materialova baza

Vlastnosti vysokohodnotného beténu su preduréované uZ
jeho zloZzkami. Ich vyberom, optimalnym navrhom zloZe-
nia beténu a vhodnou technolégiou spracovania sa zis-
kaju pozadované vlastnosti Cerstvého a zatvrdnutého
beténu vysokych pevnosti.

V prispevku je opisany vyvoj beténu vysokych pev-
nosti do 100 MPa pri pouzivani beZnych u nas dostup-
nych zakladnych zloZiek betonu. Ramcove sa vychadza
z predpokladu, Ze na vyrobu beténu vysokych pevnosti
je potrebné kamenivo s vyhovujlcim granulometrickym
zloZenim, portlandsky cement CEM | 52,5, superplastifi-
kator a kremicity dlet.

Konkrétne navrhy zloZenia betonu uvaZovali tieto
zlozky betonu:

- cement CEM | 52,5, CEM | 52,5 R,

— kamenivo frakcia 0—4 lokality Milhost a PetrZalka, frak-
cie 4-8 a 8-16 lokality Trebejov a PetrZalka,

— voda nezévadna z vodovodne] siete,

- prisada superplastifikator LIQUIMENT N,

— primes kremiéity Glet SIOXID z OFZ Istebné.

RieSenie predpoklada uplatnenie tohto beténu pre
mostné stavitelstvo v monolitickom alebo prefabrikova-
nom variante, pri spriahnutych konstrukciach, resp. pri
vystavbe vyskovych budov atd.

Doc. Ing. Ludovit Nad, CSc. - InZinierske stavby, a. s. KoSice;
Ing. Marian Uhrin, CSc. = BETON VUIS, s. r. o. Bratislava: Ing.
Viadimir Simko - InZinierske stavby, a. s. KoSice.

In the last decade basic and applied research, as well as
building industry practice in developed European coun-
tries and other parts of the world indicate a high interest
in high quality (i. e. high strength) concrete. Due to this
fact, the problem is also dealt with in the research-com-
mercial company BETON VUIS s. r. o. in Bratislava in
cooperation with InZinierske stavby a. s. KoSice. Civil
engineers are interested in practical use of high strength
concrete, as qualitatively enhanced structural material,
since it offers new, hitherto unutilized opportunities.
However, high strength concrete can be made use of on
condition that detailed examination of properties and
parameters of this qualitatively new material will be made
and necessary technical standards and regulations will
be accepted.

The workplace of BETON VUIS aimed its research at
concrete made of materials from eastern Slovakia region.
Last year high strength concrete production was verified
in central concrete mixer plant of InZinierske stavby in
Kosice.

High strength concrete which is intended to be built
in bridge structures was made of basic components from
west Slovakia region. Significant properties of this type
of concrete were examined, as well.

Material basis

Properties of high quality concrete are above all pre-
determined by its components. A proper material se-
lection, an optimum design of concrete mixture composi-
tion and an appropriate process technology result in
required properties of fresh and hardened high strength
concrete.

The contribution presents development of concrete
with high strength up to 100 MPa made of basic compo-
nents commonly available in our country. Basically, it is
assumed that high strength concrete is to be produced
from aggregates with a suitable grain-size distribution,
portland cement CEM | 52.5, superlastificiser and silica
fume.

Particular desings of concrete composition took into
account the following concrete components:

- cement CEM | 52,5, CEM | 52,5 R,

— aggregates 0—4 grain size from locations of Milhost
and PetrZalka, 4-8 and 8-16 grain sizes from loca-
tions of Trebejov and Petrzalka,

— water unexceptinable from public pipe-line,

— admixture superplastificiser LIQUIMENT N,

— additive silica fume SIOXID from OFZ Istebné.

The presented concrete is supposed to be applied in
bridge structures as a monolithical or precast alternative,
in steel-concrete composite structures and in tower buil-
ding structures.
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Experimentélne laboratérne prace

Laboratérne riedenie sa skladalo z nasledujlcich prac:

— skigky kameniva na laboratérne a poloprevadzkové
overovanie,

_ overenie vhodnosti cementov na vyrobu beténu,

— navrh zloZenia beténu s rychlym narastom pevnosti pri
aplikacii plastifikacnej prisady, prispdsobenej pdvodu
cementu a pouZitia primesi,

— sledovanie nérastu pevnosti beténu v tlaku a zistenie
80% pevnosti pre predpinanie,

_ sledovanie priebehu zmradfovania a dotvarovania
beténu,

- preukazné skisky beténu, podklad pre certifikaciu.

Experimentovalo sa tak, Ze sa menil podiel jednotli-
vych frakcii kameniva, obsah cementu a mnoZstvo za-
mesovej vody, ako aj obsah prisady a primesi. Sledovali
sa vlastnosti Zerstvého beténu: konzistencia, objemova
hmotnost, teplota, &as spracovatelnosti a samotna zmes.

Po zatvrdnuti beténu sa uréovala pevnosf beténu v tla-

ku, postupne po 24 hodinach, 2, 3, 7 a 28 dfioch. Na

zéklade vysledkov skuSok &erstvého a zatvrdnutého
beténu sa korigoval obsah jednotlivych zloZiek v beténe

a vypracovala sa receptura pre poloprevadzkové overo-

vanie na centralnej betonarni.

Skuto&né zloZenie vysokohodnotného beténu na 1 m?

h. b. je v tab. 1.

SCIENCE, DEVELOPMENT, RESEARCH

Experimental laboratory research

Laboratory solution consisted of the following work steps:

— aggregate tests for laboratory and semi-industrial ve-
rification,

- examination of cement suitability for concrete produc-
tion,

— design of concrete composition with early strength in-
crease using a plasticizing admixture corresponding
with cement origin and the used additive,

— examination of concrete compressive strength increase
and finding 80 % of strength for prestressing,

— examination of concrete shrinkage and creeping
course,

— conclusive concrete tests, basis for certification.

Experiments were carried out in such a way that a
portion of particular aggregate grain sizes, cement con-
tent, the amount of mixing water, as well as admixture
and additive content were changed. Properties of fresh
concrete were examined: consistency, density, tempera-
ture, processing time and the mixture itself. After con-
crete hardening, the concrete compressive strength after

24 hours, 2, 3, 7 and 28 days respectively, was deter-

mined. On the basis of test results of fresh and hard

concrete, a portion of particular concrete components
was corrected, and a formulation for semi-industrial ve-
rification in the central mixing plant was worked out.

Actual composition of high quality concrete for con-
crete volume of 1 m? (Tab. 1)

Tabulka 1 Table 1
Cement Zamesova voda Prisada Prir_n_es
Mixing water Admitresa Additive
CEM | 52,5 LIQUIMENT N SIOXID
(kg) (1) (1) (kg)
435+465 126+160 8+10 25+30

Poloprevadzkové overenie

Pred poloprevadzkovymi skiSkami vyroby vysokohodnot-
ného beténu sa aplikovatelnosf vysledkov laboratérnych
skusok overila na niekolkych zdmesiach beténu s obje-
mom 100 |. Vyrobili sa skuSobné telesa a nosniky pre
aplikovany vyskum navrhovania mostnych konStrukcii v
ramci dodévok beténu triedy B 80 pri rieSeni VTP pre
VUIS-Mosty, s. r. o. Bratislava.

Samotné overovanie v poloprevadzke sa uskuto&nilo
na centralnej betonarni InZinierskych stavieb, a. s. v
KoSiciach, pri beZnych podmienkach, popri vyrobe betd-
nov niZsich tried. Ski3ali sa zdmesi s objemom 1 m?
beténu. Cerstvy betén bol z mieSa&ky vypusteny do auto-
domieSavaca, z ktorého sa odobralo potrebné mnoZstvo
na skusky Cerstvého a zatvrdnutého beténu.

Podstatné vysledky poloprevadzkovych skiSok su
zhmuté v tab. 2.

Vyhodnocovanie vysledkov skisok tykajicich sa pev-
nostnych charakteristik vysokohodnotnych beténov, vzta-
hujucich sa na laboratérne skusky — t. j. smerna pevnost
a na poloprevadzkové skifky — kontrolnd pevnosf, je
t. & este individudine, nezjednotené. Na%e normové
predpisy neuvadzaji zatial vy3%iu triedu beténu ako
B 60. Vychadzajic z literatury [2) boli v ramci rie$enia
VTP P 92-15-114 [1] vypracované tabuflky informativ-

Semi-industrial examination

Before a semi-industrial testing of high quality concrete
production was carried out, several batches of 100 |
volume were made to examine applicability of laboratory
test results. Test specimens and beams were made for
applied research of bridge structure design within the
framework of 80-class concrete supply for a scientific
project for VUIS-Mosty s. r. 0. Bratislava.

Semi-industrial examination itself was carried out in
concrete mixing plant of InZinierske stavby a. s. in Ko-
gice, under common conditions along with lower class
concrete production. Tests were carried out on concrete
batches of 1 m® volume. Fresh concrete was poured out
of a mixing machine into a concrete transport car from
which a necessary amount of concrete was sampled to
test fresh and hardened concrete.

Substantial results of semi-industrial tests are pre-
sented in the following Tab. 2.

Evaluation of test results concerning high quality
concrete strength characteristics, namely direct strength
achieved in laboratory tests and registered strength
achieved in semi-industrial tests, has not been regula-
rized yet. Our standard regulations do not yet present a
higher concrete class than B 60. Refering to ,Beton
Kalender 95 [2], tables presenting informative charac-

InZinierske stavby, ro&. 46, 1998, & 1-2
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Tabulka 2 Table 2
Konzistencia Objemové Pevnost v tlaku Pevnost Dynamicky
sadnutie kuZela hmotnost Compressive strength v fahu pri ohybe | modul pruZnosti
Consistency Density (MPa) Bending Dynamic modulus
slump 1 28 tensile strength of elasticity
(mm) (kg/m?) defi dni dnl (MPa) (GPa)
80+150 2 4752 580 32,5+51,1 55,8+78,2 85,7+96,8 8,8+104 52,2:57,2

nych charakteristik beténov vy33ich tried (C 50/60 aZ C
95/115), a tie sa pouzili pri rie§eni problematiky beténov
vysokych pevnosti.

Zaver

V prispevku je zhrnuté rieSenie problematiky vysokohod-
notného beténu pre konkrétne podmienky a dostupnu
materidlovi zékladfiu. Prinosom su vysledky dosiahnuté
pri poloprevadzkovom overovani vyroby beténov vyso-
kych pevnosti na centralnej betonarni InZinierskych sta-
vieb, a. s. KoSice.

Zaverom moZno konstatovat, Ze pri predpoklade ove-
renej metodiky rieSenia, poénlc experimentalnymi
laboratérnymi ski3kami po doslednl technologickd
disciplinu na centralnej betonarni, je moZné aj v naSich
podmienkach uvazovaf s aplikaciou beténov vysokych
pevnosti [3].
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teristics of high class concrete (C 50/60 to C 95/115)
were worked out and these were used in solving the
problem of high strength concrete.

Conclusion

The contribution presents a summary of solving the prob-
lems concerning high quality concrete for particular local
conditios and available material basis. Results attained
during semi-industrial examination of high strength con-
crete production in concrete mixing plant of InZinierske
stavby a. s. KoSice are particulary valuable.

It is possible to conclude that on condition of a ve-
rified solution method introduction, starting from experi-
mental laboratory tests and concluding with a conse-
quential technological discipline in the central concrete
mixer plant, it is possible to consider an application of
hight strength concrete in our conditions [3].
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SudrZnost vystuze zo skienenych viakien
(GFRP) v hetone

Bond of glass fiber reinforced plastic (GFRP) bars in concrete

Ludovit NAD - Mulu MURUTS

VystuZ z nekovovych viakien v stavebnych konStrukciach
a v prvkoch ako nahrada za obyZajnu betonarsku alebo
predpinaciu ocefovl vystuZ sa v praxi €oraz viac vyuZiva.
Ide o vystu z vidkien uhlikovych, aramidovych, £adico-
vych a pod. Najviac sa v8ak pouZivaju vystuZe zo sklene-
nych vidkien, pretoZe su cenovo najpristupnejsie. Hoci uz
v mnohych technicky vyspelych krajinach existuju aplika-
cie v naroénych inZinierskych kon3trukciach, v sucasnosti
neexistuje norma, ktord by bola zarukou spravneho navr-
hu. Mnohé inétittcie a podniky pouZili viastné druhy tychto
vystuzi v kon3trukciach. Pri ndvrhu vychadzali predovet-
kym z vlastnych experimentalnych vysledkov. |de o jedno-
smerné viaknové vystuZe na baze epoxidovej matrice. V
ramci riedenia vedeckého grantu VEGA Nekovové vystu-
Ze v beténovych konStrukciach a prvkoch” autori v labora-
témych podmienkach vyrobili vystuZe z usmemenych skle-
nenych viakien, pre ktoré je medzinarodne zauzivany ang-
licky nazov GFRP - Glass Fiber Reinforced Plastic (bars).
Mechanické a fyzikélne viastnosti a pevnostné charakte-
ristiky tychto vystuzi boli experimentaine zistené.

Nekovové vystuZe zo sklenenych viakien (GFRP) boli
vyrobené laminovanim. Na zistenie fyzikalno-mechanic-
kych vlastnostni sa pouZil teoreticky vypoéet na zéklade
pomerného zastlipenia vidkien objemovo. Rozdiel medzi
experimentalne ziskanymi vysledkami a teoretickymi vypo-
¢tami bol do 6 %. Kvéli zvySeniu sudrznosti bola vystuZ
natreta epoxidovou Zivicou a posypana pieskom. KedZe
laminované vystuZe zo sklenenych vlakien (GFRP) sa
maji pouZif namiesto obvyklej betonarskej vystuZe, vy-
sledky experimentalnych skisok su podkladmi na néavrh
beténovych nosnikov.

Experimentalne vysledky

Experimentaine vysledky skusky stdrZnosti a tahovych sku-
Sok vystuZe z nekovovych vidkien st dal§imi podkladmi na
navrh beténovych nosnikov vystuZenych vystuZou GFRP.
V beténovych vzorkach (betén B 45) kruhového priere-
Zu s priemerom 150 mm bola vystuZ zabeténovana na
dizke 145, 195, 245 a 295 mm. Vystuz GFRP ,viastne]
vyroby“ mé obdlznikovy prieny rez s plochou zodpoveda-
Jucou kruhu ¢ 12 mm a obvod o malo prevy3ujlci obvod
tohto kruhu. Takto pripravené vzorky boli pouZité na skas-
ku sudrZnosti. Usporiadanie skusky — .vytahovacej ski3-
ky" je schematicky zndzormnené na obr. 1. Betonové vzor-
ky boli umiestnené v skiugobnom lise tak, 7e sa rozopierali
0 ocelovu roznadaciu dosku. Vytahovanie vystue na ak-
tivnom konci, resp. jej vtahovanie na volnom konci bolo
merané mechanickymi indikatormi. Na aktivnom konci
vystuZe bol sigasne umiestneny elektricky indukény sni-

Doc. Ing. Ludovit Nad, CSc. - InZinierske stavby, a. s. KoSice;
Ing. Mulu Muruts — Stavebna fakulta TU Kogice.

Non-metallic bars in building structures and elements in
lieu of conventional reinforcing steel or prestressed steel
is coming common today. The non-metallic bars are from
fibers of Carbon, Aramid, Basalt etc. The most common
non-metallic bars are from glass fiber, because their price
is relatively low. Although in more developed countries
there are applications in engineering structures, at this mo-
ment there is not any standard, which could be guaran-
teed to the right design. More institutions and enterprises
applied their own Fiber Reinforced Plastic (FRP) bars, for
their design they used their own experimental results. It is
about unidirectional fabric bars in the base of epoxy ma-
trix. In terms of scientific grant VEGA. ,Non-Metallic bars
in concrete structures and elements” the authors made
bars from unidirectional glass fibers in laboratory condi-
tions, for which it is internationally known as GFRP — Glass
Fiber Reinforced Plastic (bars). Mechanical and physical
characteristics and strength characteristics of these bars
were experimentally tested.

Non-metallic bars from glass fibers (GFRP) bars were
produced by lamination. To get the physical and mecha-
nical characteristics of these bars a theoretical calculation
was used in the bases of percentage composition of the
fibers by volume. Difference between theoretical and ex-
perimental values were 6 %. In order to develop a greater
bond strength the bar were coated by epoxy and pasted
by sand. Since the GFRP laminated bars will be applied in
lieu of conventional reinforcing steel bar, the experimental
results are the bases to the design of the concrete beams.

Experimental results

Experimental results of bond and pull-out tests of the Non-

Smaer trhace) sily
Pull-out Load

Aktivry koniec

N Puiling end

Indikédtor A

Gage A
Reakcia 30 mm hrubd okruhia ocelova doska
Reaction 30 mm thick round steel plate
Sadra
Plaster of Paris
Vystu? GFRP
1 ™ h=1
GFRP bar ____ Beténovd vzorka vydky 50 mm

/ (vystul kotvena na ditke 145 mm)

Concrete specimen - h = 150 mm

Volny koniec
Free end
Indikator B
Gage B

Obr. 1. Schéma experimentalneho usporiadania ,vytahova-
ce|" skusky

Flg. 1. Test set-up for bond test of GFRP bars embedded In
concrete
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Obr. 2. Pracovny diagram ,vyfahovacej" skisky - skasky
sidrznosti vystuze GFRP (posun merany na aktivnom -
,vyfahovanom" koncl — indikator A)

Fig. 2. Load displacement diagram of pull-out tests - bond
tests of GFRP bar (displacement measured at pulling end
- gauge A)

maé pretvorenia (so zakladfiou 50 mm), z ktorého tdajov
bol stanoveny aj modul pruZnosti vystuZe.

Kvéli porovnaniu pevnosti v stdrZnosti sa experimen-
talne skudali aj dva druhy ocelovej vystuZe, t. j. vystuZ s
hladkym povrchom a vystuZ s periodickym povrchom.
Vystuz, zabeténovana na diZke 295, 245 a 195 mm sa pri
skuske roztrhla. VystuZ, zabeténovana na dizke 145 mm
sa z beténu vytiahla. Priebeh experimentélnych vysledkov
.vytahovacich skuZok“ od zagiatku posunu aZ po hodnotu
maximalnej sily, pri ktorej sa vystuZ z beténu vytiahla, je
znazorneny pracovnym diagramom na obr. 2 pre aktivny
koniec vystuze.

Maximalna sila, ktori dosiahla ocefova vystuZ s periodic-
kym povrchom (10425-V) pri vyfahovacej* skiske, je 69 kN,
ked sa pri tejto hodnote vystuZ pretrhla. Pri experimentoch
sme pozorovali, Ze porudenie stdrZnosti vystuZze GFRP na-
stava tym, Ze sa poruSuje matrica skor neZ dosiahne vystuz
svoju pevnost. Pri skiskach na dvoch vzorkach GFRP zo
Siestich, sa porusil betén prieénym fahom.

Zaver

Viaceré druhy nekovovych vystuZi vykazuju velmi dobré
vlastnosti. Ich délezité fyzikalno-mechanické charakteristi-
ky su uspokojivé v porovnani s ocelou. VystuZz GFRP,
ktora bola experimentalne overovana, ma porovnatelné
pevnostné charakteristiky s priemyselne vyrabanou vystu-
Zou podobného druhu [2]. Bola zistena priemerna pevnost
v fahu 600 MPa a priemerna hodnota modulu pruZnosti 40
GPa. Skiskou studrZnosti bola zistena max. kotevna dlzka
195 mm pri statickom zafaZeni. Vysledky sudrZnosti pri
kratkodobej trhacej skuske su takisto na navrh postaéuju-
ce, ale kedZe dlhodobé pbsobenie zavisi od sudrZnosti, je
nevyhnutné tieto nové materialy nadalej skimaf z hladis-
ka dlhodobého namahania.
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Obr. 3. Pracovny diagram ,vyfahovace]" skusky — skadky
stidrZnosti vystue GFRP (posun merany na volnom - ,via
hovanom* koncl - indikator B)

Fig. 3. Load displacement diagram ,pull-out” tests - bond
test of GFRP bar (displacement measured at free end -
gauge B)

metallic bars are another bases to the design of concrete
beams reinforced with GFRP bars.

In cylindrical concrete specimens of (concrete B 45)
with a diameter of 150 mm a bar have been embedded to
length of 145, 195, 245 and 295 mm. ,Self produced'
GFRP bar has a rectangular section which corresponds
an area of ¢ 12 mm and was slightly greater in circumfer-
ence. These bars were used for bond tests. Schema ol
the test arrangements ,pull-out tests® is in Fig. 1. Concrete
specimens were placed in the testing hydraulic jack, and
they were supported by the steel plate. Pulling of the bar
with the active end, respectivelly the free end were mea-
sured by mechanical gagues. An electronic indicator with
50 mm base were placed in the direction of active end in
order to monitor a self elongation of the GFRP bar, from
where we get the elasticity moduli of the bar.

For comparison reasons an experimental tests have
been done with two types of steel bars, i. e. smooth steel
bar and steel bar with periodical ribs. Bars, embedded with
a length of 295, 245 and 195 mm have been cutted during
pull-out test. Bar with an embeddment length of 145 mm
have been pulled from the concrete. Diagrams of experi-
mental tests ,pull-out tests* from the beginning till the value
of maximum load, from which the bar have been pulled-
out is expressed in the diagram in Fig. 2 (for the free end).

Maximum load of the steel bar with periodical ribs
(10425-V) at ,pull-out” test, reached 69 kN when the bar
have been cutted. In our experiment we observed, that
bond interruption of GFRP bar is the resin type rather than
the fiber type. During the pull-out test, experiments of two
specimens from six have been interrupted due to concrete
splitting.

Conclusion

Most types of Non-metallic bars shows a very good char-
acteristics. Important characteristics of tested bars are
adequate in comparison with steel. GFRP bar, which was
experimentally tested, have similar characteristics with
industrial manufactured GFRP bar [2). Average strength of
the experimentally tested bar was 600 MPa and average
elasticity modules was 40 GPa. During the statical pull-out
test maximum embeddment length was found out to beé
195 mm. The results of short time pull-out tests were also
adequate to the design, since long time action depends up
on bond, investigating these new materials is inevitable.
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Posuvna skruZ U-40 na moste D 211 dialnice

D1 Hyhe-Vazec

sliding centering U-40 on the D1 motorway bridge
Hybe-Vazec

Milan STADLER - Hildebrand UZOVIC - Jozef DURDA - Viadimir HANZEL

Na diafni&énom useku dialnice D1 Hybe-VaZec pod Tat-
rami je hlavnym dodavatefom stavby Hydrostav, a. s.
Bratislava. Na tomto pomerne kratkom Useku sa nacha-
dza &tmast mostov, z ktorych Sest zhotovuje Hydrostav,
a. s. Rozpétia ich poli su od 20 do 60 m. Stretli sa tu
st&asne viaceré hlavné technolégie vystavby beténovych
mostov. V tomto &lanku je opisand posuvna skruZ, pou-
#ita pri stavbe mosta D 211-00, nad Belianskym poto-
kom.

Most D 211-00 nad Belianskym potok je dihy 342 m,
s poliami 30,23 + 7 x 40 + 30,23 m. Sklada sa z dvoch
stibeZnych spojitych nosnikov s rovnakym vonkajsim
prierezom v celej dizke. V pbdoryse je zakriveny do tva-
ru pismena S, s polomermi 2 500 m, s dvoma prechod-
nicami. Niveleta dialnice na moste je vo vySkovom udol-
nicovom obliku R = 17 000 m, s klesanim -3,64 % a
naslednym stipanim +0,871 %. Most prevedie dialnicu
nad &lenitym a zamokrenym raSelinovym udolim Belian-
skeho potoka.

Boli navrhnuté tri alternativy na podperné konstruk-
cie debnenia mosta. Ako najvyhodnejia alternativa sa
ukazala posuvna skruZ. Z toho dalej vyplynula potreba
navrhnif a vyrobif posuvni skruZ vlastnej konStrukcie.
Termin vystavby mosta, &iZe aj &as na navrh a vyrobu
skruze bol mimoriadne kratky.

Posuvna skruZ (obr. 1) oznafend U-40 musela mat
tieto parametre:

— vzdialenost podpier — pilierov je 40 m,

- nosna konstrukcia z dvoch rovnobeZnych nosnikov s
nadstavcami na obidvoch koncoch,

— hlavné nosniky musia byt rozoberatelné, z dielov, kto-
ré su prepravitelné po ceste,

- minimélne strojové vybavenie (pre kratkost £asu) bez
vlastnych pohonov,

- presivanie skrufe do daldieho pola musi byt bez
pomocnej podpory,

- vybeténované piliere mosta nesmu byt skruzou v Ziad-
nej faze vystavby zataZené.

V pracovnej polohe je skruz podoprena na dvoch
pilieroch mosta, na podperne] kon&trukcii zmontovanej z
dielcov podpier PIZMO. Na nosnikoch skruZe su osade-
né vysuvné plosiny, ktoré nest debnenie ISD NOE. Po
uloZeni vystuZe do debnenia sa vybeténuje celé 40 m
pole mosta naraz. Postupuje sa pri tom od vzdialenejSie-
ho konca, smerom k uZ vybeténovanému polu, t. j. proti
smeru postupu stavby mosta. Predpétie sa do konStruk-

Ing. Milan Stadier, in% Hildebrand UZovi¢ — Hydrostav a. s.
Bratislava; Ing. Jozef Durda, Ing. Viadimir Hanzel — Kovopro-
jekt Stavo, s. r. 0. Bratislava.

Main supplier of the motorway D1 section Hybe—Vazec
is Hydrostav, a. s. joint stock company Bratislava. On
this, relativ short section, there are forteen bridges, six
of them are build up by Hydrostav, a. s., the spans being
from 20 to 60 m. Here were used many technologies of
concrete bridge constructions. This article deals with slid-
ing centering which was used on the bridge D211-00,
over Beliansky potok.

The lenght of the bridge D 211-00 over Beliansky
potok is 342 m, with spans 30.23 + 7 x 40 x 30.23 m. It
consists from two paralell continuous beams with the
same external cross section over whole lenght. Ground
plan of the bridge is S shaped with radii 2 500 m and two
transition curves. Level line of the motorway on the
bridge creates height arc A = 17,000 m with decline of
-3.64 % and following rising of +0.871 %. The bridge
guides the motorway accross a broken and drenched
peaty valley of Beliansky potok.

There were proposed three alternatives for suppor-
ting structures of bridge formwork. Most suitable alterna-

Pt i

WAV TSI A
Obr. 1. Prieény rez skruzou U-40 - vlavo poloha skruie pri
presune, vpravo skrui v pracovne) polohe pri betonaki
Fig. 1. Cross section of the girder bridge U-40 - left shows
the transport position, right shows the working position at
concreting
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kov

Fig. 2. Front of the girder bridge with starting part of main
beams

cie vnesie po troch aZ Styroch dfioch, ked betén uZ do-
siahne B0 % pevnosti. Potom uZ moZno skruZ oddebnit,
spustif a presunuf do dalSieho pola.

Vodorovna nosna konstrukcia skruZe (obr. 1) je vyro-
bend z dvoch priestorovych priehradovych nosnikov di-
hych 77,7 m. Prieény rez hlavného nosnika je obdlZniko-
vy, s osovymi rozmermi 2,1 x 2,985 m. Hlavné nosniky
boli dimenzované podlfa STN.

Pri vypocte sil na posun a pootogenie skruZe sa pred-
pokladali tieto sucCinitele trenia: sGéinitel valivého trenia
z pokoja do pohybu f = 0,15 a pri pohybe f = 0,1.

Hlavné nosniky su zloZené z troch Zasti - nosnej,
vyuZitej pri betondZi a dvoch nadstavcov na obidvoch
koncoch, vyuzitelnych pri posunoch.

Jednotlivé montaZne dielce hlavnych nosnikov su
navzajom spojené pomocou skrutkovanych trecich spo-
jov. V konstrukcii je pouZitd ocel rady 37 a pre kolajnicu
rady 52. Celkova hmotnost nosnikov skruZe je 236 000
kg. Hlavné nosniky su navzajom prepojené pri hornom
pase vysuvnymi ploSinami a pri dolnom péase prieénymi
stuzidlami. KonStrukcia nosnikov ma na prieénikoch
Upravu na uchytenie faZného lana. Posun skruZe je za-
bezpefeny pomocou kladiek ukotvenych na roznagacich
nosnikoch, osadenych na podperdach PIZMO.

PloSiny sliZia na ukotvenie debnenia ISD NOE a su
uloZené na hornych pasoch hlavnych nosnikov skruZe.
Ploiny si navrhnuté ako roztvaratelné, aby bol umoz-
neny prejazd skruZe okolo pilierov mosta pri posuvani.
Roztvaraju sa odslvanim obidvoch polovic, delenych aj
s debnenim v strede.

Debnenie ISD NOE sa sklada z vonkajsieho debne-
nia, ktoré je upevnené na plodinach a z vnitorného deb-
nenia, ktoré sa uklada aZ po osadeni vystuZe do spodnej
dosky a tramov. VonkajSie debnenie je delené v polovici
mostovky v silade s delenim plo3in tak, aby sa pri otva-
rani a zatvarani ploSin pohybovala s plodinami aj prislus-
na ¢ast debnenia.

Debnenie ISD NOE, s vnitornym povrchom z dosiek
predpisanych v projekte, ma vlastn(i nosn( kon&trukeiu z
nosnikov, profilov a podpier systémového debnenia ISD
NOE. V debneni sa formuje aj potrebné vzopétie a prieé-

ny sklon profilu mostovky.

SkruZ je uloZena na roznasacie podpory, ktoré pre-
nasaju vodorovné a zvislé uginky sil do podpier zmonto-
vanych z prvkov PIZMO. Lané, ktorymi sa faha skruZ pri

tive appeared sliding centering. Thus it was necessary
to design and manufacture sliding centering of own pro-
ject. The term of building up the bridge, so the time for
design and manufacture of centering, was extraordinary
short.

Sliding centering, signed U-40 had to meet following
requirements:

— distance of supports — piers is 40 m,

- bearing construction create two paralell girders with
extensions on both ends,

— main girder must be domountable into elements, which
are transportable on the road,

— minimal machine equipment because of time shortage,

— moving the centering to the next field has to be done
without auxiliary support,

— piers of the bridge must not be loaded by the centering
in any phase of loading.

In working position is centering supported by two piers
of the bridge on supporting structure assembled from pars
of supports PIZMO. On beams of the centering are situated
pull out platforms, which are bearing the formwork ISD
NOE. After placing reinforcement into formwork is the con-
crete laid in the 40 m field of the bridge at once. Concreting
proceeds from the distant end in the direction to the ready
field, that means against the direction of advance of bridge
construction. The construction will be prestressed after
three or four days, after the concrete reaches 80 % of its
strength. Afterwards is it possible to stirp the centering, drop
it and move to the next field.

Horizontal bearing structure of centering (Fig. 1) is
made from two space trusses with length of 77.7 m.
Cross section of main beam is rectangular with dimen-
sions 2.1 x 2.985 m. The main beams were designed
according STN.

For calculation of forces causing displacement and
moving round of the centering were suggested this coef-
ficients of friction: coefficient of rolling friction from rest
into motion f = 0.15 and during motion f = 0.1.

Main beams are composed of three parts, bearing
part utilized during concreting and two extension pieces
on both ends, utilized by displacements.

Individual assembling elements of main beams are
mutualy connected by the help of screwed friction joints.
In the structure is used steel series 37 and for the rail
series 52. Total weight of centering main beams is
236,000 kg. Main beams are mutualy connected at the
upper chord with pull out platforms and the lower chord
with transverse stiffener. Structure of the beams has on
the cross beams an arrangement for gripping of the pull
rope. Displacement of centering is realised by the help
of pulleis anchored on the beams on supports PIZMO.

The platforms serve for anchoring of ISD NOE formwork
and are placed on upper chords of centering main beams.
The platforms are designed as to be unfurling, to enable
pasage of centering around the piers of the bridge at dis-
placement. The platforms are opening by shifting aside both
halves, splitted together with formwork in the middle.

Formwork ISD NOE is composed of external formwork
which is fastened on platforms and of internal formwork,
which is placed after the reinforcement of lower slab and
beams is prepared. External formwork is split in the mid-
die of the bridge floor in accordance with splitting of the
platforms, so that by opening and closing the platforms,
moves with platforms also adequate part of formwork.

Formwork ISD NOE with inside wooden plate surface
(made from plates) prescribed in design has own bear-
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Obr. 3. Skruz U-40 na podpore PIZMO

Fig. 3. Girder bridge U-40 on supporting structure PIZMO
postvani, vedu cez kladky, upevnené na roznaSacich
nosnikoch podpier PIZMO. Konce lan su uchytené
na vahadlo, ktoré je pripojené na navijak faZného
mechanizmu. Celkovd hmotnost skruZe aj s debnenim
je pri prestvani asi 450 000 kg. PretoZe pozdiZna os
mosta D 211-00 nie je priama, ale zakrivena v tvare S,
je treba skruZ pri prestvani aj poota¢af. Napriek naro-
nému pohybu a posunu uZ prvé aplikacie ukazali, Ze
skruZ sa da aj v zloZitych podmienkach stavby dobre
ovladat.

Vzhladom na to, Ze skruZ podobnej konStrukcie v pra-
xi Hydrostavu doteraz nebola vyrobena a pouZivana,
rozhodli sme sa vykonal zafaZovaciu sk(3ku jedného
hlavného nosnika e3te pred pouZitim na stavbe, v areali
vyrobného zavodu. Ciefom skl8ky bolo overif vypoéita-
né priehyby hlavného nosnika na stanovenie vzopétia
pri betonaZi mostovky a overif a odski3at velkosti vypo-
&itanych vodorovnych sil potrebnych na posun a poota-
¢anie skruZe. Nakolko nebolo moZné simulovaf pinu
zafaz od beténovej zmesi pri betonaZi, skisobné zafa-
Zenie malo hodnotu 25 % z celkovej hmotnosti beténo-
vej zmesi. Zmerana bola aj fahova sila pri posune nos-
nika po kladkach a z nej sa vypoéital suéinitel valivého
trenia:
= Z kludu do pohybu f = 0,08 aZ 0,09,
= pri pohybe f = 0,07 a2 0,08.

Tieto hodnoty boli mensie ako hodnoty, s ktorymi sa
potitalo pri statickom vypoé&te a nadvrhu skruZe.

Vysledky zataZovacej skusky potvrdili platnost viet-
kych predpokladov uvaZovanych pri navrhu a projekto-
vani nosnikov.

Po betonaZi a manipulécii so skruZou v prvych troch
poliach mosta sa riesili na stavbe upravy na ulah&enie
a vylepSenie manipuldcie so skruou. Spusfanie a ma-
nipuldcia so skruZou na ruénych hydraulickych zdvi-
hékoch bolo nahradené hydraulickym zdvihacim a po-
suvacim zariadenim HYRA-M, ktorym bolo moZné
skruZ aj v ktorejkolvek polohe posunu pootadat. Jeden
Cyklus presunu skruze, ktory obsahoval oddebnenie,
Spustenie skruZe, postvanie skruZe, pootadanie skruze
a zdvihnutie do pracovnej polohy sa ustalil na dobu
3-4 dni.

Skruz U-40 dizky 342 m bola navrhnuta, vyrobena a
Zavedena do pouZivania na stavbe v mimoriadne krat-
kom Zase. Na stavbe sa osvedila a uréite najde uplat-
nenie aj na stavbach daldich mostov a. s. Hydrostav.

MATERIALS, TECHNOLOGIES
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Y f%’% 4
T o X

F

Obr. 4. Pohlad na posuvnu skruz U-40 s debnenim ISD NOE

Fig. 4. View of the movable centering U-40 with the
formwork ISD NOE

ing structure consisting of beams, profils and supports of
system formwork ISD NOE. In formwork there will be
formed necessary rise span and cross inclination of
bridge floor profile.

Centering is placed on distributing supports, which
transfer horizontal and vertical effects of forces into sup-
ports assembled from elements PIZMO. Ropes, used for
pulling of centering are led through pulieis fastened up-
on distributing beams of supports PIZMO. The ends of
ropes are fastened upon balance beam which is connec-
ted with winch mechanism. Total weight of centering with
formwork during moving is cca 450,000 kg. As the centre
line of the bridge D 211-00 is curved in the shape S is
it necessary the centering at moving also rotate. In spite
of demanding movement and displacement, already first
trials have shown, that the centering is even in compli-
cated conditions of construction good controllable.

Because the centering of similar construction have
since yet never been used in Hydrostav's activity, we
decided to make loading test of one main beam before
using it in situ. The aim of the test was to check calcu-
lated deflections of the main beam for determination of
rise span for concreting purposes and verify and test
magnitude of calculated horizontal forces, necessary for
displacement and rotation of centering. As it was not
possible to simulate full load caused by concrete, testing
load was 25 % of the total weight of concrete. it was also
measured tractive force, necessary for displacement the
beam over pulleis and calculated coefficients of friction
during motion: Measured and calculated values coeffi-
cent of rolling friction: from rest into motion f = 0.08-
0.09 and during motion f, = 0.07-0.08 were smaller than
values used for design of the centering

Results of loading test proved the validity of all as-
sumptions used in design of beams.

After concreting and manipulation with centering in
the first three fields of the bridge were solved on con-
struction site some adjustments for making easier and
better the manipulation with centering. Dropping and
manipulation with centering by the help of manual hy-
draulic jacks was substituted with hydraulic lifting and
sliding equipment HYRA-M, which enabled to rotate the
centering in any position of displacement. One cycle of
centering transfer containing stripping, droping, transfe-
ring, rotation of centering and lifting into working position
was stabilized at the time of 3—4 days.

Centering U-40 with length 342 m was designed,
produced and established in construction site in extra
ordinary short time. It proved reliable on the site and will
find application on further bridge structures of a. s. Hy-
drostav.
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Priklady pouZitia technolégie MONOSTRAND

v pozemnych kons$trukciach
Examples of MONOSTRAND technology application in buildings

Milan CHANDOGA - Jaroslav HALVONIK

V prispevku st uvedené Styri technicky zaujimavé reali-
zéacie technolégie MONOSTRAND — dodatoéne predpa-
tych konstrukcii s predpatim bez stdrZnosti, ktoré pro-
jektovo a dodavatelsky zabezpedila firma PROJSTAR
PK, s. r. 0. Bratislava od roku 1995.

1. Projekt a realizacia dodato¢ne
predpétych stropov RK kostola na
sidlisku DIhé Diely v Bratislave

V roku 1995 bol uvedeny do uZivania novy RK kostol na
sidlisku DIhé Diely v Bratislave. Spodna &ast — kolumba-
rium sliZi na ukladanie urien. V hornej €asti objektu
dominuje obradny priestor — chram pre 600 fudi, po ob-
vode ktorého sU umiestnené bytové a administrativne
priestory.

Z kons$truk&éného hladiska si osobitni pozornost za-
sluhuju obidve stropné dosky nad kolumbariom a obrad-
nym priestorom kostola. Monolitické dosky boli navrhnu-
1é a realizované ako dodatoéne predpaté s nesudrZznou
vystuZzou MONOSTRAND ¢ 15,5 mm/1 800 MPa (ozna-
¢ené symbolom M6’) a kotvené kompaktnymi kotvami
PROJSTAR.

Kolumbarium

Zvisla nosna kon3trukcia kolumbaéria (obr. 1) je zo Zele-

zobeténu. V pévodnom navrhu bol nad kolumbariom

Zelezobeténovy ramovy strop. Variant predpatého stro-

pu bol cenovo porovnatelny a naviac umoznil:

- zredukovaf mnoZstvo stipov aZ o 40 %,

— bodovo podoprief vaésiu &asf dosky, a tym odstranit
tramy, ktoré zmen3ovali svetld vySku podlaZia,

— urychlit vystavbu vdaka velmi jednoduchému debne-
niu a vystuZeniu dosky.

Stropna doska kon&tantnej hribky 200 mm je pred-
pata kablami, ktoré su vedené len v podpernych pruhoch
(obr. 2). Ich poéet vySiel z potreby vykryt zostatok dimen-
zaénych momentov po odé&itani momentovej Unosnosti
prierezov vystuZenych vopred uréenou mékkou (betonar-
skou) vystuZou. Pri dolnom povrchu su dosky vystuZené
zvaranymi siefami (KARI) z rebrovych drétov ¢ VB8 mm s
okami 150/150 mm. Pri hornom povrchu nad podperami
sl umiestnené na stavbe zvarané siete z vystuZe ¢ V12
mm s okami 100/100 mm.

Vhodne zvolenym geometrickym vedenim kéblov v do-
ske predpatie redukovalo Smykové sily v podopreti natolko,
Ze nebolo treba navrhnif doplnkovi 8mykovi vystuZ.

Doc. Ing. Milan Chandoga, CSc. — PROJSTAR PK, s. r. 0.
Bratislava; Ing. Jaroslav Halvonik, CSc. - KBKM SvF STU
Bratislava.

The contribution describes four technically interesting
application of MONOSTRAND technology — post-ten-
sioned structures with unbonded tendons. The design
work was done by PROJSTAR PK, s. r. 0. that has also
been a contractor for technology and equipment since
1995.

1. Project and construction of post-
tensioned slabs of Roman Catholic church
in Bratislava’s district DIhé Diely

In 1995 new Roman Catholic church in one of Bratisla-
va's district — DIhé Diely — was built by RENOS, a. s. and
PROJSTAR PK, s. r. 0. The floor plan of church is irre-
gular 6-angle. The lower part is serving for storing of
urns. The main area of upper part is ceremonial area
where up to 600 people can assemble. The area is sur-
rounded with small units for living and administration of-
fices.

From structural point of view a special attention de-
serve both slabs over columbarium and ceremonial area
of church. Monolithic slabs were proposed and construc-
ted as post-tensioned with unbonded tendons — MONOS-
TRAND - ¢ 15.5/1,800 MPa (marked with symbol M6’)
and anchored with compact anchors PROJSTAR CH.

Columbarium

Vertical bearing structure of columbarium (Fig. 1) is from
reinforced concrete. The original proposal was slab and
girder floor (joist ceiling) from reinforced concrete. New
option — post-tensioned slab — offered similar financial
requirements and, which is more, allowed to:

— reduce amount of columns up to 40 %,

L20%

Obr. 1. Pédorys kolumbaria a poloha predpinacich kablov
Fig. 1. Plan of columbarium and tendon scheme
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Obr. 2. Pédorys stregne] dosky a poloha predpinacich kablov
Fig. 2. Plan of church and tendon scheme

Vdaka predpétiu sa mohla podstatne zredukovaf vys-
ka tramov T1, ktoré prenasaju va&sinu zvislého zafaZe-
nia stien a stropu chramove| &asti kostola, a to na 500
mm.
Armovacie prace véitane montaZe predpatia trvali 4
pracovné dni. Predpinalo sa po dosiahnuti 80 % pevnos-
ti beténu B 30.

Obradny priestor kostola — chrdm

Pédorys chramu je zhodne s kostolom tvarovany do
nepravidelného Sestuholnika (obr. 2), ktory ma v smere
hlavnej osi dizku 21,5 m a v kolmom smere max. rozpa-
tie 32,5 m. Rozmery jednotlivych strdn Sestuhoinika a
orientacia hlavnej osi kostola preduréili tvar nosnych
prvkov a ich pddorysni orientaciu. V smere hlavnej osi
(vstup — presbytérium) je navrhnuta hlavna lod chramu
(obr. 3 a 4), ktora prenasa rozhodujicu Cast zataZenia
strechy. Aby sa dosiahla vnutorna harménia podhfadu a
zéroveh skratili 13 m rozpétia boénych dosiek, pozdIz
hlavnej lode si umiestnené dve mensie trojuholnikové
lomenice. Nosné prvky strechy-lomenice sa teoreticky
zbiehajti do jedného bodu. Strecha je v miernom pozdiZ-
nom spade, ktory harmonizuje s celkovou architektonic-
kou koncepciou a zarovef jednoduchym spdsobom riesi
jej odvodnenie.
Stredna  doska
ma konstantn( hrub-
ku 200 mm. Zvislé
steny hlavnej lode
maji hribku 300
mm. Velmi dbleZité
sa ukazalo zabezpe-
&enie tepelnej dilata-
cie strechy. Nepo-
suvné uloZenie je len
na Celnej Zelezobe-
ténovej stene.
Predpinacia vy-
stuZ v stenach hlav-
nej lode ma parabo-
licky tvar, ktory za-
bezpeluje okrem
vnesenia tlakovej si-

Obr. 3. Pohlad na strednd kon-
§trukciu chramu - vstup

Fig. 3. Church roof, partial view

iS 2% CONSTRUCTIONS OF CIVIL ENGINEERING

— support larger part
of slab on nodes
and therefore take
out girders, that
lowered the clear
height of storey,

- speed the con-
struction time due
to very simple
formwork and rein-
forcement in slab.

The slab of con-
stant thickness 200
mm is prestressed
with tendons, that - -
are placed only in Obr. 4. Pohlad na streSnu konstruk-
supporting lines (Fig. clu chramu - presbytérium
2). Their number Fig. 4. Church roof
was calculated from
residual design moments after substraction of moment
capacity of sections reinforced by beforehand specified
reinforcement. The bottom surface of the slab is rein-
forced by welded mesh made from bars of diameter ¢ V8
mm, with spacing of bars 150/150 mm. The top surface
of the slab over the support node is reinforced by mesh
welded on site from bars ¢ V12 mm with spacing 100/
100 mm.

Appropriate choice of geometrical arrangement of
tendons in slab caused that the prestressing reduced
shear force in support to that level, that no aditional
shear reinforcement was needed. Due to prestressing the
heigth of girders T1, which carry the majority of vertical
load from walls and roof of ceremonial area, could be
reduced to 500 mm.

The formwork, including assembly of prestressing,
lasted four working days. Stressing started after achie-
ving 80 % of strength of concrete B 30.

Ceremonial area of the church — temple

The floor plan of ceremonial area (temple) is also irre-
gular 6-angle, similarly as the whole building (Fig. 2). Its
span along the main axis is 21.5 m and span in direction
perpendicular to the main axis is 32.5 m. Dimension of
each side of 6-angle and orientation of the main axis
determine the shape of main load-bearing structural el-
ements and their orientation in floor plan. The central
nave of temple, which carry the majority of load from roof,
is situated along the direction of the main axis (entrance
— choir) (Fig. 3 and 4). Two smaller triangular folded
plates are situated along the central nave for shortening
of 13-meter-span slabs on sides and to achieve the in-
ternal harmony of ceiling. The bearing elements have
theoretical intersection node behind altar. The roof is in
slight longitudinal pitch, which is in harmony with whole
architectonical conception and in the same time it is also
a suitable solution for a drainage.

Thickness of roof slab is 200 mm constantly. The
thickness of vertical walls of central nave is 300 mm. The
assurance of thermal dilatation of roof has turned to be
very important. The slab is fixed only into front reinforced
concrete wall, on other walls there is expansion bearing.

Prestressed tendons in walls of central nave have
parabolic shape, which ensures besides introducing the
pressure, covering tensile stresses in central nave walls,
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Obr. 5. Priebeh normélovych sil v rozhodujicom priereze
hlavnej lode

Fig. 5. Distribution of normal external forces in the main
girder of the roof

ly, potrebnej na vykrytie fahovych namahani v stene hlav-
nej lode, aj priaznivé zdvihové Uéinky (obr. 5). Doska
medzi stenami hlavnej lode a lomenicami pdsobi v po-
zdlZnom smere ako spodna pésnica nosnika, ktora je po
celej vyske prierezu namahana fahom. Z toho dévodu
boli do dosky navrhnuté priame kéable vedené pri spod-
nom povrchu (obr. 2). Podobne pésobi aj trojuholnikova
Cast dosky medzi lomenicami a podpernymi stenami.
Tretiu skupinu kéblov tvoria priame predpinacie jednotky
v lomenicovych nosnikoch, kde zlepSenim napéatostnych
pomerov zmen3uju pravdepodobnost vzniku trhlin, ktoré
nepriaznivo ovplyviiuji tuhosf konstrukcie. V prieénom
smere je strecha rieSena ako Zelezobeténova doska,
ktoréa je na jednej strane kibovo podopreta stenami a na
druhej strane pruZne votknuta do hlavnej lode.

BetonaZ dosky bola rozdelena na tri etapy A, B, C, (obr.
2). Ako prvé sa beténovala hlavna lod A a bo&né dosky C.
S niekolkodennym odstupom boli zabeténované dosky B.
Takto €asovo oddelena betonaZ a dbsledné oSetrovanie
beténu pri extrémne vysokych teplotach (35 az 40 "C) mali
zabranif vzniku vaésich zmrasfovacich trhlin.

Postupnost predpinania kéblov a ich vplyv na napa-
tost dosky bola overend statickym vypo&tom. Ako prvé
boli napnuté kable sekcie A, nasledovali kable sekcii C
a B. Nakolko kvalita beténov hlavnej lode nedosahovala
poZadované parametre poéas celého predpinania, sledo-
val sa priehyb obidvoch zvislych stien hlavnej lode.

2. Dodatocne predpaté dosky
viacuroviiového parkoviska Nemocnice
s poliklinikou v Petrzalke

V roku 1996 firmy RENOS, a. s. a PROJSTAR PK, s. r. o.
realizovali tri dodatone predpété parkovacie dosky v
areali Nemocnice s poliklinikou v Petrzalke. Zakladna
modulova siet podopretia dosiek je 8,4 m. Hribka vet-
kych troch dosiek je konstantna 0,22 m. Priemer stipov
je jednotny ¢ 300 mm. Stipy s z ovinutého beténu.
Vodorovné Gginky sl zachytené obvodovymi stenami
(dosky D1, D3) a schodiskovymi stenami (doska D2).
Na obr. 6. je schematicky znazorneny podorys viet-
kych troch dosiek D1, D2 a D3. Dosky st z beténu B 30.

Doska D1

Bola budované ako prvé v poradi. Vytvara nastupn( kon-
Strukciu pre dosky D2, D3 ako aj spojovaci &lanok pre
prizemné parkoviska pod v&etkymi doskami. Doska je na

also positive lifting effect (Fig. 5). The slab between
central nave walls and folded plates acts in longitudinal
direction as lower flange of girder, with whole the thick-
ness in tension. Because of this the straight tendons
along bottom surface were designed inside the deck (Fig.
2). Similarly acts also triangular part of the slab between
folded plates and supporting walls. The third group of
tendons is created by straight prestressed units in foldeg
plate girders, where they improve the distribution of
stresses and decrease the probability of creation of
cracks, which negatively influence the stiffness of struc-
ture. In transverse direction is the roof proposed as
reinforced concrete slab with simple support on walls on
one side and elastically fixed into central nave on the
opposite side.

The casting of slab was divided into three stages: A
B, and C (Fig. 2). The first stage was casting of central
nave A and side slabs C. After few days the slabs B were
casted. This time-division of casting and through curing
of concrete during extremely high temperatures (35-40
‘C) have to prevent the structure from higher thermal
cracking.

The procedure of tendon stressing and its influence
on stresses in slab were verified by statical analysis. At
first the tendons of section A were tensioned, and after
that the tendons of section C and B.

2. Post-tensioned slabs of multilevel
parking in Hospital and outpatient clinic
in Petrzalka (Bratislava, SR)

In 1996 companies RENOS, a. s. and PROJSTAR PK, s.
r. 0. constructed three post-tensioned slabs for parking
of cars in the area of Hospital and outpatient clinic in
PetrZalka. The basic distance between supporting nodes
of the slab, that creates an array, is 8.4 m. The thickness
of all three slabs is 220 mm constantly. The diameter of
circular columns is ¢ 300 mm. The columns are rein-
forced by spiral reinforcement. Horizontal actions are
carried by external walls (slabs D1 and D3) and walls in
stairway (slab D2).

Fig. 6 shows the scheme of floor plan of all three slabs
D1, D2, and D3. The concrete grade of slabs is B 30.

Slab D1

The slab D1 was constructed as the first one. It creates
an entering structure for slabs D2 and D3 and it is also

Obr. 6. Parkovisko Petrzalka — schéma usporiadania doslek

F:g'.’ 6. Parking place In Petrzalka - scheme of position of
slabs
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dvoch okrajoch suvisle uloZena na stenach hribky
0.3 m. Vzhladom na malu diZku kablov sa predpinalo len

z jednej strany.

Doska D2

Budovala sa ako posledna. V jednom module je doska D2
oslabena systémom velkorozmerovych kruhovych otvorov.
Podobne ako pri doske D3 dihai smer bol predpinany len z
jednej strany a prieény smer zo strany dosky D1.

Doska D3

Dosky D2 a D3 su na jednej vySkovej urovni a ich styk
je rieSeny prekrytou dilataciou. Aby pri predpinani bola
jednostranne pristupna dih$ia strana dosky D3, musela
sa budoval ako druhd v poradi. Systém pbédorysného
usporiadania kéblov dosky D3 je na obr. 7. V &asti, kde
sa stretava doska s uZ vybudovanou Easfou objektu, boli
pouZité pasivne kotvy so Specialnymi tlakovymi kotevny-
mi &elusfami nalisovanymi silou 250 kN do jedno- a dvoj-
lanovych kotiev PROJSTAR CH. Vzhladom na postup
vystavby boli ako prvé po 7 diioch od betonaZe napina-
né predpinacie kable v dlhSom smere dosky. Toto pred-
patie umoznilo okamZité oddebnenie dosky a pouZitie
debnenia pre dosku D2. Kvdli redukcii priehybu mladého
beténu boli v mimopodperovych pruhoch ponechané Sty-
ri stojky DOKA. Prieéne lana boli napinané aZ po dosiah-
nuti 28-dfiovej pevnosti beténu.

Nesudrzné predpinacie lana MONOSTRAND AD ¢
15,5 mm/1 800 MPa su kotvené v kompaktnych kotvach
PROJSTAR CH-1, CH-2. Na obr. 8 je doska D3 tesne
pred betonadZou. Detail predkotvenych lan v jedno- a
dvojlanovych kotvach PROJSTAR je na obr. 9. Dolna
vystuZ dosiek je zostavena z neStandardnych typov zva-
ranych sieti. V dih§om smere je vystuZ hustoty 5 ¢ V8/m,
resp. 6,6 ¢ V8/m. Prieéne prity su vzdialené aZ 1,4 m a
sluZia len na zabezpe&enie polohy hlavnych pritov. Sie-
te sa ukladali vedla seba bez presahov. PouZitim rovna-
kych typov sieti v druhom smere boli minimalizované
potty presahov sieti. Tento systém vystuZovania spaja
prednosti zvaranych sieti (velka rychlost, nizka pracnost
na stavbe) s ekonomickosfou (minimalne straty ocele
vyplyvajice z presahov sieti).

3. Objekt PFC Kastielska v Bratislave

_V roku 1996 zatala vystavba PFC Kastielska. Objekt ma
jedno podzemné a 11 nadzemnych podlaZi a bude uve-

. 5xB400+ 7200= 43200 SER D
1 1

p 56600

Obr. 7. Doska D3 - schéma vedenia kablov
Fig. 7. Slab D3 - configuration of tendons

CONSTRUCTIONS OF CIVIL ENGINEERING

Obr. 8. Pohlad na vystuz dosky D3
Fig. 8. Reinforcement of slab D3

a connection to ground floor parking under all slabs. The
slab is on two sides supported by walls 300 mm thick.
With respect to small length of tendons the prestressing
was applied only from one side.

Slab D2

The slab D2 was constructed as the last one. One line of
slab is weakened by system of circular holes with large
diameters. Similarly as in the slab D3 the longer direc-
tion of slab was tensioned only from one side and the
transverse direction from side of slab D1.

Slab D3

The slabs D2 and D3 are on the same heigth level and
their connection is solved by covered waterproof dilata-
tion. In order to ensure free acces to the longer part of
the slab on one side for prestressing, the slab D3 had to
be constructed as the second one. Configuration of ten-
dons in slab D3 is on Fig. 7. In the area, where the slab
meets already constructed parts of object, passive an-
chors were used, with special pressing anchoring wed-
ges pressed with force of 250 kN into mono- and double-
strand anchors PROJSTAR CH. With respect to proce-
dure of construction the tendons in longer direction of
slab were tensioned after 7 days since casting. This
prestressing allowed to demould the slab and to use the
formwork for slab D2. In order to reduce the deformation
of young concrete, four supporting members DOKA were
left in midspan lanes between supports. Transverse ten-
dons were prestressed only after 28 days of age of con-
crete.

Unbonded tendons MONOSTRAND AD ¢ 15.5/1,800
MPa are anchored with compact anchors PROJSTAR
CH-1, CH-2. Fig. 8 shows the slab D3 right before cas-
ting. The detail of strands anchored in mono- and dou-
ble-strand anchors PROJSTAR is on Fig. 9. Bottom re-
inforcement of the slab is created from special types of
welded meshes. Diameter of longitudinal bars is § V8 mm
and their spacing is 200, and 150 mm, respectively. The
spacing of transverse bars is 1.4 m. They serve only for
keeping the position of main bars. Meshes were placed
next to each other without overlapping. Using the same
meshes in perpendicular direction minimized the number
of overlaps. This system of reinforcement puts together
advantages of welded meshes (high speed of construc-
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br. 9. Delal pal'vnho kolla kablov
Fig. 9. Detil of passive anchoring of tendons

deny do prevadzky v tomto roku. Generalnym dodavate-
fom a zaroveri investorom je firma RENOS, a. s.

Stropy prvého, tretieho a Stvrtého podlaZia

Stropné dosky nad suterénom, druhym a tretim podzem-
nym podlaZim st z predpatého beténu B30. Monoliticka
doska kon&tantnej hribky 0,25 m méa v niektorych as-
tiach rozpétie az 13,5 m.

Predpéitie umoZnilo navrhnit dosku bez tramov a
zaroven splinif kritérium maximaineho priehybu. Typicka
geometria kablov predpatia MONOSTRAND je na
obr. 10.

Dosky su predpinané nesudrZnymi lanami MONO-
STRAND Ad, ¢ 15,5 mm/1 800 MPa, ktoré su kotvené v
kompaktnych kotvach PROJSTAR CH-1, CH-2.

PouZitim progresivnej technolégie MONOSTRAND a
debniaceho systému DOKA bolo moZné podstatne urych-
lit vystavbu monolitickych kon3trukcii. Stropné konstruk-
cie boli betonované naraz bez preruSenia. Po 7-10
diioch bolo vnesené asi 50 % predpétia, ktoré umoznilo
konStrukciu oddebnif a debnenie pouZif pre dalsie po-
dlaZzie. Na 100 % predpinacej sily boli napinané vietky
medzipodperové kable.

Obr. 10. Schéma vedenia kablov — 4. NP
Fig. 10. Configuration of tendons — 4™ floor

4xMB
ExMb’

Obr. 11. Schéma vedenia kablov - technické podiaiie
Fig. 11. Configuration of tendons - technical floor

tion, low labour consumption) and economical profit (min-
imum losses of steel due to lapping of meshes).

3. Building PFC Kastielska in Bratislava
(SR)

In 1996 commenced the construction of PFC Ka&tielska
in Bratislava. The building has 11 floors above ground
level and one underground floor. The beginning of ser-
vice is the year 1998. General constractor and client is
RENOS, a. s.

Roofs of the first, third and fourth floor

Slabs above the basement, second, and third floor are
from prestressed concrete (concrete grade B30). The
span of monolithic slab with constant thickness of 250
mm is in some parts up to 13.5 m.

Prestressing allowed to propose the slab without gir-
der and fulfil the criteria of maximum deflection. Typical
geometry of MONOSTRAND - prestressing tendons — is
on Fig. 10.

Obil; 12. Pohlad na predpinctu vu! premosfujiceho
rostu

Fig. 12. A view to prestressing tendons of bridgeing grid
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The slabs are prestressed with unbonded

16700

4430
2
o

21670

| strands MONOSTRAND Ad, ¢ 15.5/1800 MPa,
which are anchored with compact anchores
PROJSTAR CH-1, CH-2.

Application of progressive technology
MONOSTRAND and formwork system DOKA
allowed to speed up significantly the construc-
tion of monolithic structures. The structures
were casted without interruption. After 7-10
days approx. 50 % of prestressing was intro-
duced, which allowed to demould the structure
and to use this formwork for next floor. All
midspan tendons were prestressed with 100 %
of prestressing force.

In supporting lines, where is significant con-
centration of prestressing and high danger of

failure of young concrete in anchorage zone,

Obr. 13. Schéma vedenia kablov - 6. NP
Fig. 13. Configuration of tendons - 6™ floor

V podperovych pruhoch, kde je vyrazna koncentracia
predpétia a je velké nebezpeéenstvo porudenia kotevnej
z6ny mladého beténu, vnieslo sa v prvej etape len 50 %
predpinacej sily. Druha &asf predpétia bola vnesena aZ
po dosiahnuti 28-dfiovej pevnosti beténu.

Premostujici rost nad Stvrtym nadzemnym
podlaZim

Zmena zvislého nosného systému medzi 4. a 5. nadzem-
nym podlaZim je rieSena premosfujicim doskovo-tramo-
vym systémom, t. j. ro§tom. Aby sa minimalizovala jeho
vySka, bola navrhnuta stropna konstrukcia ako predpéata.
Predpéty rost (obr. 11) je vysoky 1,05 m. Horna doska
ma hrabku 0,25 m. Rozhodujuce predpétie je umiestne-
né v tramovych prvkoch. V doskéch je len také mnoZstvo
predpatia, aby sa zabezpeéila minimaina tlakova napé-
tost v Stadiu predpinania (obr. 12).

Rost sa beténoval na dve etapy. V prvej etape sa
vybeténovali len tramy. Po doplneni debnenia a vystuZe
sa dobetonovala doska. Prepinanie lan MONOSTRAND

only 50 % of prestressing force were intro-
duced in the first stage. The rest of force was
introduced only after achieving 28-day strength of con-
crete.

Bridging slab-girder system — grid

The change in vertical bearing system between 4™ and
5" floor is solved by application of bridging slab-girder
system — grid. This floor structure was proposed as pre-
stressed, in order to minimize its heigth. The heigth of
prestressed grid (Fig. 11) is 1.05 m. The top deck is 250
mm thick. The main part of prestressing is placed inside
of girder elements. The prestressing of slabs is designed
only for ensuring the minimum pressure during time of
prestressing (Fig. 12).

The grid was casted in two steps. The first step was
casting of girders. After adding other moulds and rein-
forcement the slab was casted. Stressing of MONO-
STRAND had 3 steps. In the first step after achieving
80 % of 28-day-strength of concrete all tendons in slab
and 30 % of strands in girder tendons were stressed.
Next two steps of stressing were done after construction

bolo rozdelené do 3 etap. V prvej etape
po dosiahnuti B0 % z 28-dfiovej pevnosti
beténu boli napnuté vietky kable v doske
a 30 % lan trdmovych kablov. Daldie dve
etapy predpinania sa vykonali postupne
po vybudovani dvoch, resp. Styroch byto-
vych podiaZi.

of two, or four floors respectively.
‘ NP

BNP

OCELOVE VZPERY
STEEL PIPES

@ ‘2©—\/

?
4590
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4. Budova CSOB na Nam. SNP

v Bratislave

V rokoch 1996-97 sa firma PROJSTAR
PK, s. r. 0. subdodéavatelsky podielala na
vystavbe budovy CSOB v Bratislave. Hlav-
ny dodavatel stavebnych prac bol Hydro-

16700
8800

330

stav, a. s. v Bratislave.

Koncepcia bodovo podopretych stro-
pov bola prijata hned na za&iatku projek-
tovych prac. Vyskové obmedzenie obsta-
vaného priestoru a snaha o jeho maximal-
ne vyulitie nepripustali iné rieenie ako [

30

| N670

oo I

bodovo podopreté stropné dosky.
Nakolko Zelezobeténova bodovo podo-

Obr. 14. Schéma vedenia kablov - 7. NP

preta doska nevyhovovala na priehyb a Fig. 14. Configuration of tendons - 7* floor
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Obr. 15. Pohlad na ocelové vz
Fig. 15. A view to a steel stanchion

prepichnutie a iné rieSenia boli neekonomické, bolo po-
trebné pouZif dodato&né predpatie. Predpaté dosky hrub-
ky 0,24 m su z beténu triedy B 30. .

Tak sa podarilo navrhnut objekt s dvoma podzemny-
mi a 10 nadzemnymi podlaZiami. Koncepcia predpatia
dosiek vychadza z moZnosti priamej redukcie zafaZenia,
resp. zosilnenia ohybovej tuhosti dosky na priehyb.

V podzemnych podlaZiach, kde nemoZno uvaZovafl s
poddajnostou masivnych obvodovych stien, boli pouZité
parabolicky zakrivené kéble s maximainym zdvihovym
G&inkom. V nadzemnych podlaZiach, kde su obvodové
steny zostavené z prefabrikatov, boli pouZité priame
kable zdvihnuté len pri stipoch. Tieto kable poskytuju do-
ske dostatoéné tlakové napétie, ktoré obmedzuje vznik
trhlin a zvySuje ohybovl tuhost dosky.

Na prechode medzi 6. a 7. nadzemnym podiaZim
navrhol architekt terasu, a preto dochadza k posunu casti
obvodovych stien do vnitra stropnej dosky 6. podiaZia
(obr. 13 a 14). Kon3truk&né rieSenie prenosu zataZenia
dalSich tyroch podlaZi bolo obmedzené nielen dispozié-
ne, ale aj zakrivenym tvarom hlavnej obvodovej steny.
Na obr. 15 je vysledné riedenie. Obvodové steny sU vza-
jomne prepojené ocelovymi vzperami. V dolnej Casti su
tahové Uginky zachytené predpétim a prenesené aZ na
druhy okraj objektu pomocou 6 lan MONOSTRAND.

i

4. Building of Czecho-Slovak commercial
bank in Bratislava

During years 1996-97 PROJSTAR PK, s. r. 0. company
was partial contractor in the construction of building of
Czecho-Slovak Commercial Bank (CSOB) in Bratislava,
The main contractor for construction works was Hy-
drostav, a. s. in Bratislava.

A conception of slabs supported on nodes has been
accepted since the beginning of design works. Height
restrictions of construction site and effort in its maximal
effectiveness have not allowed a different solution than
slabs supported on nodes.

The reinforced concrete slab did not satisfy the de-
flection limits and punching shear verification and other
solutions were not economically acceptable, therefore
the post tensioning was necessary. Post-tensioned slabs
from concrete grade B 30 are 240 mm thick.

This system allowed to propose a building with 2
underground floors and 10 floors above ground level. The
conception of slab prestressing resulted from possibility
of direct reduction of loads, and increasing the flexural
stiffness of slab in deformation, respectively. In the un-
derground floors, where we could not take into account
the pliability of external walls, the parabolically curved
tendons with maximal lifting effect were used. In floors
above the ground level, where the external walls are
made from precast concrete elements, straight tendons
were used, lifted only on columns. These tendons grant
enough of pressure in the slab, which restricts the cre-
ation of cracks and increases the flexural stiffness of the
slab.

Between the 6™ and 7" floor the architect proposed a
terrace, therefore a part of external walls is moved dee-
per in the middle of roof slab of 6" floor (see Fig. 13 and
14). Structural solution of load transmission of next four
floors was limited not only by overall disposition but also
due to curved shape of main external wall. Fig. 15 pre-
sents the final solution. The external walls are intercon-
nected by steel struts. In the bottom part tensile actions
are covered by prestressing and transferred to opposite
end of building by 6 units of MONOSTRANDS.

it et v
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Nové prefabrikaty na dialniénych mostoch
New precast units on motorway bridges

Tibor SEFCIK

PretoZe povodné typové podklady uz nespliali sicasné
technické podmienky na rieSenie predpatych mostnych
prefabrikatov a vzhladom na rozmach vystavby dialnic,
do uvahy prichadzajuci zhotovitelia prefabrikovanych
nosnych kon&trukcii mostov si zabezpedili u Dopravo-
projektu, a. s. Bratislava vypracovanie dokumentacie na
vykonanie prac na vyrobu novych predpatych tyZovych
mostnych prefabrikatov. Tato dokumentacia viastne pini
ulohu podnikovych typovych katalégov.

Ugelom prispevku je poskytnuf technickej verejnosti
zékladné informéacie o novych prefabrikovanych most-
nych nosnikoch.

Nové nosniky

Pri navrhu novych prefabrikovanych nosnikov sa vycha-

dzalo z nasledujucich kritérii a poznatkov:

- nosné konstrukcie zhotovené z novych nosnikov maju
byt spriahnuté (betén—betdn),

— uprednostfioval vopred predpété prvky pred dodatoé-
ne predpatymi,

— ako predpinacie jednotky pouZivaf lana ¢ Ls 15,5/1 800,

- pouzivaf betény vyS8ich pevnosti (B 60),

- zohladnif nové poznatky na krytie vystuZe beténom
podla STN 73 6206/zmena 2,

— zohladnif Specifické poZiadavky a skisenosti jednotli-
vych zhotovitelov.

Vysledkom s( predpété prefabrikované nosniky, kto-
ré splfiaji suéasné technicko-kvalitativne podmienky na
také vyrobky kladené.

Vypracovanie novych katalégov si zabezpegili tito
zhotovitelia:

® Doprastav, a. s. Bratislava a InZinierske stavby,
a. s. Kosice, pre ktorych bol vypracovany katalég ,NOS-
NIKY 1-96* dizky 24, 27, 30 a 42 m pre cestné a dialni&-
n? mosty spriahnuté Zelezobeténovou doskou. Nosniky
sU z dodatoéne predpatého beténu B 50, spriahujica do-
ska zo Zelezového beténu B 40, medzi prirubami nosni-
kgv treba preklenut Sirku 0,50 m debnenim. V stu&asnosti
sU uZ vyprojektované nosniky dizky 12, 15, 18 a 21 m z
predom predpédtého beténu projektovou kancelariou
Mosta, s. r. 0. Bratislava.

® ZIPP, s. r. 0. Bratislava, pre ktory bol vypracovany
katalog .NOSNIKY DZ-97 dizky 21, 24, 27 a 30 m pre
cestné a dialni&né mosty spriahnuté Zelezobeténovou
dogkou. Nosniky st z predom predpétého beténu B 60,
Spriahujuca doska zo Zelezového beténu B 40, medzi
pr_lruhami nosnikov je Skara 20 mm, ktora sa utesni vhod-
nym materidlom. Dalej bol pre ZIPP vypracovany katalég
.P_JOS_.NIKY TT-97 DZ“ dizky 12, 15 a 18 m pre cestné a
dialnigné mosty spriahnuté Zelezobeténovou doskou.

Ing. Tibor Sefeik - Dopravoprojekt, a. s. Bratislava.

As the original regulations no longer met the present-day
technical requirements for the design of the precast pre-
stressed bridge elements and with regard to the in-
creased construction of the motorways, the producers
under consideration of the precast bridge deck structures
aranged with Dopravoprojekt, a. s. Bratislava the design
and elaboration fo detailed drawing for the production of
the new precast prestressed bridge beams. This docu-
mentation serves as the corporate typified catalogues.

The aim of this contribution is to provide technical
public whith basic information about the new precast
bridge beams.

New beams

The design of new precast beams is based on the fol-

lowing criteria and requirements:

— bridge decks made of the new beams should be com-
posite (concrete—concrete),

- preference of pre-tensioned elements to post-ten-
sioned ones,

— the tendons Ls ¢ 15.5/1,800 to be utilised as the pre-
stressing units,

— the use of concrete of higher strength (B 60),

- new requirements on concrete cover according to the
STN 73 6206/change 2 were taken into account,

- special requirements and experience of individual pro-
ducers were respected.

The result of the design are prestressed precast
beams fulfilling the given present-day technical-qualita-
tive requirements.

The following producers arranged about elaborating
the new catalogues:

@ for Doprastav Bratislava a. s. and InZinierske stav-
by KoSice a. s. the catalogue ,BEAMS |-96°, lengths 24,
27. 30 and 42 m for road and motorway bridges, com-
posite with the reinforced concrete slab was worked out.
The beams are designed of post-tensioned concrete
B 50, the composite slab is of reinforced concrete B 40,
the width of 0.50 m between the flanges of the beams is
to be spanned by the formwork. At present, the pre-ten-
sioned beams of lengths of 12, 15, 18, 21 m are already
designed by the project office Mosta s. r. 0.,

e for ZIPP Bratislava s. r. 0. the catalogue ,BEAMS
DZ-97", lengths 21, 24, 27, 30 m for road and motorway
bridges, composite with the reinforced concrete slab was
elaborated. The beams are designed of pre-tensioned
concrete B 60, the composite slab is of reinforced con-
crete B 40, between the flanges of the beams is a gap
of 20 mm, which is to be pad with fitting material. Further
the catalogue ,BEAMS TT-97 DZ* lengths 12, 15, 18 m
for road and motorway bridges, composite with teh rein-
forced concrete slab was worked out. The beams are
likewise designed of pre-tensioned concrete B 60, the
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Obr. 1
Fig. 1
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Nosniky su takisto z predom predpéatého beténu B 60,
spriahujuca doska zo Zelezového beténu B 40, medzi
prirubami nosnikov je teoreticka Skéra 5 mm, nosniky sa
ukladaji na doraz k sebe.

® InZinierske stavby, a. s. KoSice, pre ktoré bol vy-
pracovany katalég (v spolupraci s Katedrou beténo-
vych konstrukcii a mostov, Stavebna fakulta STU
Bratislava a ISPO, s. r. 0. PreSov) ,NOSNIKY I1ST-97*
dizky 9, 12, 15, 18, 21, 24 a 30 m pre cestné a dialni&-
né mosty spriahnuté Zelezobeténovou doskou. Nosniky
si z predom predpatého beténu B 60, spriahujica
doska zo Zelezového beténu B 40, medzi nosnikmi
treba debnenim preklendt Sirku 1,07 m (pri dizkach nos-
;Lkov 9 az 24 m) alebo &irku 0,65 m (pri dizkach 27 a3

m).

Tvar a hlavné rozmery jednotlivych druhov nosnikov
st na obr. 1.

VSetky druhy nosnikov boli uZ vyrobené a zabudova-
né v konkrétnych mostnych objektoch.

composite slab is of reinforced concrete B 40, between
the flanges of the beams is theoretically a gap of 5 mm,
practically the beams are placed close together,

® for InZinierske stavby KoSice a. s. the catalogue
.BEAMS IST-97“ lengths 9, 12, 15, 18, 21, 24,27, 30 m
for road and motorway bridges, composite with the rein-
forced concrete slab was elaborated (in cooperation with
the Department of Concrete Structures and Bridges,
Faculty of Civil Engineering STU Bratislava and ISPO,
s. r. 0. PreSov). The beams are designed of pretensioned
concrete B 60, the composite slab is of reinforced con-
crete B 40, between the beams the width of 1.07 m
(by the baems of lengths of 9 to 24 m) or the width of
0.65 m (by the beams of lengths of 27-30 m) is to be
spanned by the formwork.

The shape and the main dimensions of the individual
types of the beams are on the following page.

All types of the beams were already manufactured
and built in the real bridges.
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Prefabrikované dialnicné mosty DZ-97

Prefabricated highway bridges DZ-97
- implementation experiences

Jan SCHMUCK

Dopravoprojekt, a. s. Bratislava na podnet ZIPP, s. r. 0.
Bratislava pripravil v r. 1997 nové rieSenia predom pred-
patych Zelezobeténovych nosnikov pre dialniéné mosty.
Autorom vzorovej technickej dokumentacie tychto mos-
tov je Ing. Tibor Sevéik. Pre mosty do rozpatia 18 m s
nosniky prierezového tvaru TT, resp. T, pre nosniky od
20 do 30 m sl nosniky prierezového tvaru |. Obidve rie-
Zenia sa v r. 1997 Gspesne uplatnili pri vystavbe desia-
tich diafniénych mostov na usekoch Hybe-VaZec a
NemZova-Ladce. ZIPP tu aplikoval svoje skusenosti z
vystavby priemyselnych hal, kde uZ je problematika vy-
roby, dopravy i montaZe nosnikov do rozpéati 30 m zvlad-
nuta. Podobne aj stropy viacpodlaZnych priemyselnych,
resp. ob&ianskych konstrukcii z predom predpatych reb-
rovych panelov TT boli predlohou pre mostné konstruk-
cie malych rozpati.

V prispevku su struéne zhodnotené prvé skusenosti v
oblasti navrhu, vyroby, dopravy i montdZe a kompletaZze
mostov.

Navrh a projektovanie mostnej
konstrukcie

Nosniky st navrhnuté z beténu B 55 ako predom pred-
paté, spriahnuté Zelezobeténovou doskou. Na rozdiel od
konstrukcii v pozemnom stavitelstve, kde ZIPP navrhuje
najma tzv. &iastoéné predpéitie, mostné nosniky su na-

PRECNY REZ 1:50
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Obr. 1. Prieény rez konstrukciou mosta z nosnikov | D7-97
$ rozdirenou hornou prirubou

Fig. 1. Cross section of a bridge structure made of | D7-97
girders with a widened upper flange

Ing. Jan Schmuck — ZIPP, s. r. o. Bratislava.

The company Dopravoprojekt a. s. Bratislava has pre-
pared in 1997 new solutions of pretensioned pre-
stressed ferro-concrete girders for highway bridges. The
author of the sample documentantion of those bridges is
Mr. Tibor Sevéik. For bridges with a span of 18 meters
the girders have a T or TT section and for the spans of
20-30 meters those girders have an | section. Both so-
lutions were implemented successfully in 1997 in the
construction of ten highway bridges on the highway-stag-
es Hybe-VaZec and Nem3ova—-Ladce. The ZIPP compa-
ny utilized here its experiences in the construction of
industry sheds, where it fully manages aiready the issue
of the manufacturing, assembly and transportation of
girders with a span of up to 30 meters. Also ceilings of
multistory industrial of civil buildings made from prefab-
ricated pre-stressed ribbed TT elements were used as
models for small-span bride structures.

Now let's briefly evaluate the first experiences in the
field of projecting, manufacturing, transport, assembly
and the completion fo the bridges.

Designing and projecting of bridge
structures

The girders were designed to be made of B 55 concrete
as pretensioned pres-stressed and coupled with a ferro-
concrete plate. Unlike with structures in civil engineering
— where the ZIPP company uses the so called partial pre-
stressing, the bridge girders are designed as fully pre-
stressed elements with a maximum use of material in-
puts disallowing any cracks in the concrete. This leads
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Obr. 2. Prieény rez kondtrukclou mosta z nosnikov TT
DZ-97

Fig. 2. Cross section of the bridge made of TT DZ-87 gir-
ders
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Obr. 3. Doprava nosnikov | D7-97-30 na stavbu obj. 213
D1 Hybe-VaZec
Fig. 3. Transportation of | D7-97-30 girders to the site 213
D1 Hybe-Vazec

vrhnuté ako pine predpété s maximalnym vyuZitim mate-

ridlovych vstupov bez pripustenia trhiin v beténe. Toto

vedie k vy$&im vzopéatiam nosnikov.
Kladne boli prijaté tieto nové detailné rie3enia:

- nosniky s bo&nymi prirubami, ktoré ufah&uju debnenie
spriahujicej dosky,

- na Sikmych mostoch §ikmé ukonéenie v é&elach, &o
zjednoduduje betonaZ priecnikov,

— Siroka horna priruba nosnikov, ktord minimalizuje deb-
nenie spriahujicej dosky a zvySuje bezpeénost prace
na moste; prinosom by malo byf aj zvySenie tuhosti
nosnikov v prie€énom smere,

— prefabrikované beténové Zlaby, ktoré sa daju monto-
vaf i v zimnych mesiacoch.

Vyhladom pre dalsi rozvoj je spojitd kon3trukcia
mostov, ktora sa vytvori zmonolitnenim prefabrikovanych

Obr. 4. Zmontovany most
Fig. 4. The assembled bridge

to higher rise of the girders — which is also pointed at in

the technical sample documentation by Dopravoprojekt.

The following solutions of the details were taken very
positively:

— girders with side flanges enabling an easier shuttering
of the coupling plate,

— with inclined bridges; an inclined ending in the faces,
what makes the concrete formwork easier,

— a wide upper girder flange minimizing the formwork of
the composite slab and improving the safety of work
on the bridge; another benefit should be the rigidity
increase in the cross direction,

— prefabricated concrete channels — which can be as-
sembled even during the winter months.

The outlook for further development: A continuous
bridge structure which will be created by the ,monolithiza-
tion* of prefabricated girders and prefabricated saddle-
back-boards. Span increase above 30 meters.

Manufacturing of the girders

The ZIPP company manufactured for the mentioned
bridges within just 6 month in 1897 — approx. 400 pre-
tensioned pre-stressed girders and this amount was not
by far the limit of our manufacturing capacities. Often it
was necessary to co-ordinate the manufacturing process
of different girders according to the real status of the
structure preparation — out of the framework of the terms
originally agreed on. Because the assembly of the gir-
ders is by far much faster than their manufacturing — it is
also necessary to dimension the intermediate storage
facilities properly.

Transportation and storage

The ZIPP company managed the transportation of the
girders by rail to the intermediate storage facility at the
destination station — on three specially modified wagons.
From there on the girders were transported right to the
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nosnikov i UloZnych prefabrikovanych prahov; zva&3enie
rozpéti nad 30 m.

Vyroba nosnikov

ZIPP vyrobil pre uvedené mosty v priebehu 6 mesiacov
r. 1997 asi 400 predom predpatych nosnikov, &o vébec
neznamenalo piné vyfaZenie jeho vyrobnych kapacit.
Casto bolo treba koordinovat postup vyroby réznych ty-
pov nosnikov podfa postupu pripravy stavieb mimo ra-
mec dohodnutych terminov. PretoZe montaZ nosnikov
prebieha podstatne rychlejSie ako ich vyroba, si potreb-
né spravne dimenzované medziskladky dielcov.

Doprava a skladovanie

ZIPP zabezpetil dopravu nosnikov po Zeleznici na trojici
upravenych Zelezni€nych vagénov na medziskladku v
stanici uréenia. Odtial sa preprava na stavbu vykonavala
fahaémi so Specialnymi ovladatelnymi terénnymi opleno-
vymi navesmi. Tymto spésobom bola zvladnuta doprava
aj do faZ3ie pristupnych miest, terén viak musel byt pri-
merane upraveny. Pri doprave sa neposkodil Ziadny zo
400 nosnikov. Pri vykladke na stanici sa v dbsledku
poruchy Zeriava poskodil iba jeden nosnik. Nosniky sa
skladovali na spevnenych plochach s beténovymi cest-
nymi panelmi.

Montaz

ZIPP vystadil pri montazi s dvoma kolovymi Zeriavmi.
Napriek naroénym terénnym podmienkam montaZ prebie-
hala rychlo, bez komplikacii. Terén v mieste montaze bol
v8ak vidy primerane upraveny a odvodneny. Najva&si 6-
polovy most, objekt 213 Hybe-VaZec, so 168 nosnikmi
rozpatia 30 m bol zmontovany v priebehu jedného me-
siaca. Rychlost montaZe vysokokvalitnych nosnikov sa
javi popri cene konStrukcie ako najvaési prinos prefabri-
kovaného riedenia.

Kompletaz mostov

Spriahujiica doska sa spodiatku realizovala pri 30 m
nosnikoch do strateného debnenia z azbestocemento-
vych dosiek. Rozsirenim hornej priruby sa potreba deb-
nenia pri novych typoch nosnikov minimalizuje. Betonaz
dosky sa uskutoéfiuje v jednej faze vibraénou listou na
celu Sirku mosta. ZIPP pripravil rieSenie prefabrikované-
ho Zfabu, véitane jeho stykov, a vyvinul montazne zaria-
denie s presnou moZnosfou smerového a vySkového
nastavenia.

Porovnanie s inymi konstrukciami

Skusenosti s prvymi realizaciami potvrdzuju vysoku kon-
kl{feném'l schopnost beténovej prefabrikovanej spriahnu-
tej konStrukcie najma v porovnani s kondtrukciami vag-
Sich rozpati. Predovietkym vysokad kvalita a rychlost
Vystavby pri cenovej vyhodnosti st hlavnymi argumen-
tmi na presadenie tychto konstrukcii v projektoch.

—
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Obr. 5. Zéber z
montdZie nosni-
kov TT DZ-97-15
na stavbe obj. 213
Nemsova-Ladce

Fig. 5. The as-
sembly of the TT
DZ-97-15 girders
on the object 213
Nem&ova-Ladce

site by special
controllable off-
road trailers. In
this way we have
managed also to
get to the hard
accessible areas
— but the terrain
had to be modi-
fied appropriate-
ly. Out of the 400
manufactured
girders — not a single one get damaged in the course of
the transportation. Due to a failure of the crane - just
one girder was damaged at the discharge at the railway
station. The girders were stored on grounds stabilized
by concrete road panels.

Assembly

Two truck mounted cranes were enough for the ZIPP
company. In spite of the unfavourable site conditions, the
assembly went on smoothly, failure free and fast. But the
terrain on the site was always modified and drained. The
largest 6 field bridge (object 213 Hybe—VaZec) with 168
girders of 30 m span was assembled in just one month.
The high pace of the assembly of high-quality girders
seems to be the biggest benefit of a prefabricated solu-
tion — besides the price of the structure.

Completion of the bridges

At the beginning the composite slab of 30 m girders was
made into a permanent formwork — made of asbest-con-
crete plates. By widening the upper flange we minimize
the formwork demand with those new girder types. The
slab is cast using a finishing beam across the entire
width of the bridge. The ZIPP company has prepared a
solution for the prefabricated channel including its joints
and it also developed an assembly device with the pos-
sibility of a precise direction and height adjustment.

Comparison with other structures

Our experiences with the first implementations prove the
high competitive ability of the prefabricated composite
structure — especially as to large span structures. The
high quality and pace of the assembly in connection with
a price advantage are the main arguments for carrying
through those structures in construction projects.
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Most cez Vah a elektrarensky kanal

pri Beckove
Bridge over the Vah river and the channel near Beckov

Miroslav SAGATH -

Su&asfou dialni&ného prepojenia sever—juh (transeurop-
ska magistrala E75) je v sugasnosti budovany usek dial-
nice D61 Nové Mesto nad Vahom—Chocholna. Jeho naj-
vyznamnejim objektom je most cez Vah a elektraren-
sky kanal pri Beckove, ktorym by sa malo zaZaf obdobie
vyrazného rozvoja vystavby dialni&nych mostov. Most ma
inunda&nt &ast 9 poli z nosnikov 1-96 dizky 366 m a
letmo beténovanu &ast dizky 336 m.

Dialnica D61 Bratislava—Treng&in je suc¢asfou medzi-
narodného fahu E75 a Transeurépskej magistraly sever—
juh. Jej dobudovanim sa prepoji dialnica na D1 na me-
dzinarodnu dialni&nu sief CR aj v smere zdpad-vychod.
Usek Nové Mesto nad Vahom-Chocholnd spaja dve
najvaésie sidla oblasti, a to Nové Mesto nad Vahom a
Trenéin (obr. 1).

Viadimir JANCIGA

The section of the D61 highway Nové Mesto—Chochol-
na, already under construction, is the part of European
highway connection Nort-South. The most important
object of this highway section is the bridge over the river
Vah and the Vah channel near Beckov. The bridge
should be start of large development of bridge construc-
tion on Slovak highways.

Highway D61 Bratislava-Trenéin is the part of the
international motorway E75 and TEM-Trans European
Motorway North—South. The connection of both commu-
nications will be finished by its construction and conse-
quently it will be connection of Slovakia to the interna-
tional traffic network East-West. The location of the high-
way D61 is in the area with the busiest traffic in Slovak
Republic. The section Nové Mesto nad Vahom—Chochol-
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Nosna konstrukcia

Celkova dlZka mosta je 702 m, z toho 9 inunda&nych poli
tvorl 366 m (ich rozpatia st premenlivé 40,1 aZ 41,6 m)
a letmo beténované 4 polia tvoria 336 m kon3trukcie
(71 + 102,5 + 102,5 + 60 m), obr. 2.

Prie€ny rez inundaénej €asti je rieSeny ako spriahnu-
ty [1] vy8ky 2 m. Tvoria ho atypické prefabrikované nos-
niky 1-96 z bet6nu B 50, vySky 1 800 mm a spriahujica

Ing. Miroslav Sagath — MOSTA, s. r. 0. Bratislava; Ing. Viadimir
Janéiga — Doprastav, a. s. Bratislava.

na connects two largest towns located in the area;
Trengin and Nové Mesto nad Vahom. The area is one of
the most settled and economically developed in Slovakia
with possibility of its further development (Fig. 1).

Superstructure

Total length of the bridge is 702 m; nine fields of flood
bridge have the length 366 m together (spans vary from
40.1 to 41.6 m) and four spans of the bridge built by
free cantilever method have length 336 m (71 + 102.5 +
+ 102.5 + 60 m) see Fig. 2.
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Obr. 2. Most cez
Vah a elektrédren-
M~ sky kandl Vahu pri
- Beckove

a - pozdiZny rez,
b - prieény rez
inundaénej éasti,

c — prieény rez let-
mo beténovanym
mostom

Fig. 2. The bridge
over river Vah and
the channel near
Beckov

a - longitudinal
section, b - cross
section of inunda-
tion part, ¢ - cross
section of free
cantilever bridge

doska z B 45 priemernej hribky 200 mm. Osova vzdia-

lenost nosnikov je 1 450 mm.

Prieény rez letmo beténovanej éasti ma tvar uzavre-
tej komérky. Jej vySka sa meni od 3 m nad krajnymi
oporami do 6 m nad medzilahlymi podperami (obr. 2).
Predpétie nosnej kon&trukcie zabezpeéuju tri druhy kab-
lov s predpinacim napétim 1 430 MPa:

- interné kable v hornej a dolnej doske prieéneho rezu
sa skladaju z kablov zloZenych z 12 lan ¢ Ls 15,5/
1 800;

- externé kable vedené v komérke su zloZené z 18 bez-
adhéznych lan ¢ Ls 15,5/1 B0O;

- priene predpétie hornej dosky zabezpeéuju jednotlivé
bezadhézne lana ¢ Ls 15,5/1 800.

Technolégia vystavby

Pri vystavbe mosta boli navrhnuté dve technolégie:
® Prefabrikované nosniky tvaru 1-96 su zakladnym
prvkom inunda&nych predpoli mosta.
® Letmd betondZ je druhou technolégiou pouitou na
tomto objekte. Dodnes sa touto (spednou technolégiou
realizovalo u nas 7 velkych objektov, najvaési s konzolou
dihou a2 120 m (most Lafranconi v Bratislave). Rozbor
spotreby materialov na tieto objekty vak ukazal velké roz-
diely. | ked spotreba materialov na m? nie je najspolahlivej-
§i ukazovatel pre porovnanie dvoch konétrukcii, predsa
poskytne lepsi pohfad na objekty. V rie§enom pripade
umoZnil zékladnu orientaciu pri navrhovani konstrukcie.
.Doterajéie skusenosti potvrdili niekolko zakladnych
Principov zavedenych do letmej betonaZe uZ pri moste
Lafranconi:
= tvar nédbehovej hrany vyrazne ovplyviuje priebeh na-
pati. If'ouiitia nabehu v tvare paraboly 2° zniZuje po-
mamp Unosnosf prierezov v polovici konzoly. Pre
kaZdy rieseny pripad je vhodné vytvorif tvar nabehovej
hrany v zévislosti od priebehu hlavnych napati;
= vedenie kablov od horného okraja prierezu k dolnému
mimo prierez a vylucenie vedenia internych kablov zo
stien tramov umoZfuje pripustit v tramoch Sirku trhlin
ko v nepredpatom beténe (Zelezobeténe):
e

Cross section of flood bridge is designed as a compo-
site structure with two meters height [1]. It is created by aty-
pical precast girders 1-96 of prestressed concrete B 50, with
height 1,800 mm and composite slab with thickness 200
mm. The spacing of precast girders is 1,450 mm.

Cross section of part built by cantilever method is de-
signed as a box girder. Its height varies from three meters
over abutments to six meters over the piers (Fig. 2).

Prestressing of the bridge is done by three types of
tendons with prestressing stress 1,430 MPa:

- internal tendons situated in upper and bottom slab from
12 tendons ¢ Ls 15.5/1,800;

— external unbonded tendons situated in box girder from
18 tendons ¢ Ls 15.5/1,800;

- prestresing in cross section is realized by separated
nonadhesive tendons ¢ Ls 15.5/1,800 situated in
upper slab.

Construction technology

There were designed two technologies for construction

of bridge over the River Vah and its channel:

® Precat |-96 shape girders are basic elements of
the flood bridge.

® Free cantilever method is second construction tech-
nology used for bridge construction. Seven large struc-
tures were built by this technology in Slovakia up till now.
The Lafranconi Bridge is the biggest one with cantilever
120 m long. Although the material usage per square
meter is not the most reliable indication to compare struc-
tures built by different technologies, it enables us to
make the analysis from other point of view. In our case
it served as a basic orientation to make decision about
design of structure.

Our experiences have already confirmed some basic
principles implemented during construction of the Lafran-
coni Bridge by free cantilever method:

—a shape of haunched edge has a big influence on
stress distribution. An application of the haunch with
parabolic shape of 2° decreases relative loading ca-
pacity of cross sections in the middie of cantilever.

InZinierske stavby, ro&. 46, 1998, & 1-2
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- zvySené mnoZstvo mékkej vystuze v tlagenych oblas-
tiach tramov podstatne napomaha redukovat rfllhpdobé
deformécie konstrukcie spdsobené reologickymi zme-
nami beténu. ;

V snahe optimalizovat spotrebu maten‘élov a znizit
pracnost na moste cez Vah a elektrarensky kanal Vér!u
pri Beckove sme porovnavali rézne spdsoby zachytenia
napati v trdmoch a hornej doske: :

— zvislé predpétie sice umoZnilo zniZit hrabku {rému zo
60 na 50 cm, neprinieslo v3ak otakavané zjednodu-
genie vystavby ani celkovu Usporu nékladov;.

— nahradou ¢&asti makkej vystuZe mostovkove) dosky
predpatymi bezadhéznymi lanami sa zjedno_du'éilo jei
armovanie a prinieslo asi 10% Usporu makkej vystuZe.
Okrem toho sa zniZila Sirka trhlin mostovkovej dosky
v oblasti minimalnych momentov, &m sa podstatne
ovplyvnila kvalita kon3trukcie. g _

Technolégia letmej betonaZe bude mativ buducno;tn
uplatnenie na mnohych objektoch slovenskych d!arnl?.
predovietkym v horskych oblastiach, kam smeruje su-
gasna vystavba. Preto je nevyhnutné maf overeny a
spolahlivy spdsob vystavby mostov rozpati 90 az 220 m.

LITERATURA

[1] Gregu§, J.: Most cez inundaéné uzemie Véahu pri Beckove.
In: Zbornik prednaSok ,Betén na Slovensku v r. 1994-
1998" s. 64-69. Doprastav, a. s. OZ Bratislava-PetrZalka.

- j - =TS AR

The shape of haunched edge shputq be? formed ac-
cording to the principal stress distribution for each
structure, !

— alignment of unbonded tendons from upper section for
bottom one and elimination of tendon location in girder
walls enabled designer to allow the width of cracks like
in reinforced concrete,

_ increased amount of reinforcement in compression
areas of beam helps to reduce long-term deformations
caused by rheological changes of concrete.

Different ways of interception of stresses in beams
as well as in upper slab were analyzed to optimize ma-
terial usage and decrease of labour consumption:

— alignment of vertical prestressing allowed to decrease
the thickness of beam from 600 to 500 mm. However
it did not bring expected construction simplification as
well as any significant cost saving,

— replacing part of reinforcement of upper slab by pre-
stressed tendons allowed us to save 10 % of reinforce-
ment and to simplify reinforcing of slab. This arrange-
ment decreased the crack width of the slab in the area
of minimal moments and it had a great influence on
the quality of structrue.

The technology of free cantilever method will be ap-
plied on many Slovakian highway bridge structures in
future. It is very important to have verified and reliable
construction method of bridges with spans among 90 to
220 m for mainly mountain areas where future highway
construction will be performed.

Y

Estakada cez inundacné uzemie Vahu

pri Beckove
Bridge over the inundation area of Vah river near town Beckov

Jan GREGUS

Najvyznamnej§im mostom useku dialnice D61 medzi
Novym Mestom nad Vahom a Trenéinom je premostenie
Vahu a elektrarenského kanala pri Beckove, ktorého
celkova diZka je 702 m. Prispevok je zamerany na rieSe-
nie premostenia inundacie Vahu.

Dialniény Usek medzi Novym Mestom nad Vahom a
Tren&inom je sUéasfou dialnice D61 Bratislava—Trengin,
zahmutej do medzinarodného fahu E75 a Transeur6p-
skej magistraly sever—juh. Program vystavby dialnic na
Slovensku je po roku 1995 naroény na stavebné kapaci-
ty hlavne mostného stavitelstva a vyZaduje prehodnotif
moZnosf existujlcich technolégii vystavby mostov formou
inovacie v snahe zachovaf osvedéené postupy. Vhodnou
technolégiou vystavby mostov je prefabrikacia, ktora je
na Slovensku najrozirenejSou technolégiou nosnych
kon&trukcii mostov tyéovymi prefabrikatmi, v poslednych

Ing. Jan Gregu$ — Doprastav, a. s. OZ Bratislava-PetrZalka

The most important bridge in D61 highway section be-
tween towns Nové Mesto nad Vahom and Trenéin is
crossing the Vah river and power plant channel near
town Beckov. Its overall length is 702 m. This contribu-
tion deals with solution of bridge crossing the inundation
area of Vah river.

Highway section between towns Nové Mesto nad
Vahom and Trené&in is the part of highway D61 Bratisla-
va-Trengin. This highway is included into international
route E75 and transeuropean route North-South. Pro-
gram of highway construction in Slovakia is after 1995
very demanding, especially for designers and construc-
tion capacities of bridge engineering. It requires to evalu-
ate the capability of existing technologies in bridge con-
struction and their innovation together with keeping ve-
rified methods. In this respect the technology of precast
concrete is very suitable. The most common precast
concrete technology in Slovakia is structural system cre-

S—
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Obr. 1. PozdiZny rez pravym mostom
Fig. 1. Longitudinal section of the right bridge

rokoch spriahnutych Zelezobeténovou doskou. Sortiment
ponuky tyEovych prefabrikatov bol donedavna obmedze-
ny ich diZkou do 30 m. Doprastav, a. s. Bratislava, v
snahe zabezpetil poZadované tempo vystavby dialnice
v tomto dialni¢nom useku, pristipil k inovacii predpéatych
tyovych prefabrikovanych nosnikov I-90 a prediZil typo-
v radu aZ na 42 m [1]. Si€asne sa mierne upravil tvar
prieéneho rezu a zasadne sa zmenilo pozdiZne predpa-
tie. Inovované nosniky, pod nazvom |-96, sa pouZili na
vybudovanie nosnej konStrukcie 9 poli mosta cez Vah a
elektrarensky kanal pri Beckove, a to na premosteni la-
vobreZnej inundacie Vahu v dizke 367,8 m (favy most),
resp. 361,66 m (pravy most). KaZdy z obidvoch mostov
je staticky a funkéne samostatny.

V tomto Useku smerove os dialnice prechadza z ob-
luka R = 1 100 m do prechodnice, prieény sklon je kon-
Stantny 4 % po celej dizke mosta. Niveleta v Useku pre-
mostenia stipa v sklone 2,2 % a plynule prechadza do
vySkového oblika R = 11 250 m. VySkovy rozdiel obi-
dvoch koncov nosnej konStrukcie je 7,36 m. Obidva
mosty sU po diZke rozdelené do dvoch dilataénych cel-
kov 5 + 4 polia. Premostenie inundacie priamo nadvazu-
|e na premostenie Vahu a elektrarenského kandla na
pilieroch 10L a 10P [2]. Sirka komunikacie na mostoch je
dana kategériou dialnice v tomto Useku, volna Sirka a-
vého mosta je 11,75 m, volna &irka pravého mosta je
premenna 12,95 aZ 11,75 m.

Zakladanie

_Zakladanie je navrhnuté plosné v otvorenych stavebnych
laméch, piliere v blizkosti koryta Vahu a ochrannej hra-
dze pod ochranou ocelovych Stetovnicovych stien vo
vrstve Strkov. ZvySené poZiadavky na zaloZenie pilierov
10L a 10P z dévodu minimalizacie sadania viedli k po-
trebe zlepsit pieséité Strky pod ich zakladmi. PouZila sa
metéda zhotovenia stipov dyzovou injektdZou, kde po-
moc9u li¢a cementovej suspenzie vystupujiceho z hla-
vy dyzy pod tiakom 300 aZ 400 atm sa zemina premiefia
Na zmes cementu, zeminy a vody. Postupnym ota&anim
hlavy dyzy sa vytvorili stipy priemeru 1,2 m. Pod jednym
zékladom bolo zhotovenych 64 stipov dizky 4,3 m, sia-
hajlcich a2 do vrstvy navetralych sliefiovcov.

Nosna konstrukcia

Nosna kondtrukcia je navrhnuta z pozdiznych, dodatog-
Ne predpatych tyZovych prefabrikatov 1-96, v favom mos-

ated from precast beams, in recent years as composite
structure with reiforced concrete deck slab. The length
of beams was in the past limited by 30 m. In effort to
guarrantee required speed of highway construction con-
tractor — Doprastav a. s. — decided to renovate the pro-
duction of precast concrete beams 1-80 and to extend the
offer of beam types up to the length 42 m [1]. The cross
section of the beam has also been adjusted and system
of longitudinal prestressing has been significantly
changed. New beams, known is I-96, have been used as
bearing structural system of 9-span bridge across the
Vah river and power plant channel near town Beckov par-
ticularly for crossing the leftbank inundation area with
length 367.8 m (left bridge) and 361.66 m (right bridge),
respectively. Each of two bridges is independent from
both static and function points of view.

In mentioned highway section the route follows a
horizontal curve with radius of 1,100 m and continues in
transition curve. The transverse decline is 4 % constant-
ly along the whole bridge. Longitudinal incline in the
section of bridge structure is 2.2 % and it continues in a
vertical curve with radius of 11,250 m. The difference in
altitude of both end nodes of bridge structure is 7.36 m.
Both bridges are divided into 2 dilatation part (5 + 4
spans). The bridge crossing the Vah river and power
plant channel directly continues from piers 10L and 10P
as the bridge crossing the inundation area. The width of
carriageway is determined by category of highway in
particular section. Free width of left bridge is 11.75 m
constantly, the width of right bridge varies between 12.95
m and 11.75 m.

Foundation system

Shallow foundations in open trench are proposed, piers
close to Vah river bed and levee are protected by steel
interlocking pile wall set in the gravel layer. Increased
requirements for foundations of piers 10L and 10P due
to minimizing the settlement lead to necessity of impro-
ving the layer of sand gravel under the foundations. We
used the method of creation of piles by jet injection. In
this method the jet of cement suspension leaving the
head of nozzle under pressure of 300-400 atm trans-
forms a soil into a mixture of cement, soil and water. As
the head of nozzle rotates the piles of diameter 1.2 m
are created. There were 64 piles 4.3 m long constructed
under one foundation that reached the layer of decayed
marlite.
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Obr. 2. Pohlad na stavenisko mosta
Fig. 2. A view to a construction site

te je 9 nosnikov, v pravom 10 nosnikov (obr. 2na s. 29).
Vzhladom na Sikmost premostenia a jeho pddorysné za-
krivenie, dizky nosnikov nie su rovnaké v kazdom poli a
v kazdom moste. Ich diZka je v pravom moste premenna
od 39,41 m do 39,53 m, v lavom moste je diZka nosnikov
kon&tantna 40,3 m. Pre nosni kon3trukciu bola pouZita
typové dizka tyGového prefabrikatu 1-96, dizky 42 m a
vw&ky 2 m, skratenim na pozadované dizky. Typové
nosniky 1-96 vznikli inovéciou starSej typovej rady 1-90, a
to hlavne tpravou tvaru prieéneho rezu, prediZzenim ty-
povej rady na 42 m a zmenou predpinacieho systému.
Nové tyEové prefabrikaty 1-96 sa teraz vyrabaju v typo-
vych dizkach 24, 27, 30 a 42 m s vy3kami 1,15, 1,25,
1.4 a 2 m. Medzilahlé dlzky sa vyrabaji skratenim naj-
blizSej vy33ej typovej dizkovej rady. Tvar prieéneho rezu
je konstantny po celej dizke nosnika, horné a dolna pri-
ruba je rovnaké pre vSetky typové dlZky. Toto rieSenie
umozfiuje vyrabat nosniky vaetkych typovych diZok v jed-
nej univerzalnej forme a zefektivnif tak ich vyrobu. Réz-
ne typové vysky sa docieluju iba zmenou vy3ky stojiny,
a to vkladanim vloZiek do zvislej ¢asti boénice ocelovej
formy. V zavislosti od prepravnych moZnosti a podmie-
nok sa mdZu nosniky vyrabaf v celku alebo z troch Casti
beténovanych na pseudokontaktni Skéru a na stavenis-
ku zopnutych predpétim do jedného celku. Vyroba vcel-
ku, vzhladom na prepravné a zdvihacie moZnosti na
Slovensku, prichadza do Gvahy iba pri diZkach do 30 m.
Jednotlivé dielce prislusného nosnika sa ukladaju na
pevné, ale pritom klzné podioZky, vy3kovo a smerovo sa
vyrovnajl do priameho smeru, navleélu sa predpinacie
land a na c¢ela pseudokontaktnych 3kar sa nanesie

Main structure

The main bridge structure is designed from longitudinal
post-tensioned precast beams I-96. There are 9 beams
in the left bridge and 10 beams in the right bridge. Due
to obliquity of bridge and its curvature in floof plan the
length is different in each span and each bridge. The
length in right bridge varies between 39.41 and 39.53 m
and in the left bridge it is 40.30 m constantly. For struc-
tural system precast beams |-96 were used, with unified
length 42 m and height 2 m shortened for required
lengths. Standard beams |-96 were created from older
standard type 1-90 mainly by adjusting the shape of
cross-section, prolonging of beams up to 42 m and
changing the system of prestressing. New precast beams
1-96 are produced with length 24, 27, 30, and 42 m and
heights 1.15, 1.25, 1.4, and 2 m. Beams with length
between these values are produced by shortening of the
closest higher length type. The shape of cross section is
constant along whole beam. Upper and bottom flanges
are the same for all lengths. This solution allows to use
the same formwork for beams of all types and make the
production more effective. Different heights of beams are
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Obr. 3. Nosniky |-96
Fig. 3. Beams [-96
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MONTAZ PRAVEHO MOSTA

Obr. 4. Pédorys Zeriavovych drah pri monta#l nosnikov 1-96

Fig. 4. Floor plane of crane runway during assembly of beams 1-96

epoxidovy tmel. Predpétim prvych troch kablov sa &ela
pseudokontaktnych Skar vzajomne pritlagia, prebytogny
tmel sa zo Skéry vytlaéi a necha vytvrdnif. Nasleduje
napnutie zostavajucich kablov v predpisanom poradi a
ich injektdaZ cementovou maltou. Predpétie do nosnikov
sa mdZe vniest aZ po dosiahnuti pevnosti beténu 40
MPa. Ako predpinacie jednotky sU pouZité spletené lana
¢ Ls 15,5/1 800 MPa, zdruZené do 4-lanovych kéablov a
kotvenych kotvami KK-CH4 s rozmerom 0,18 x 0,16 m.
Kéble sa kotvia pri napati 1 432 MPa.

Prie¢ne spojenie a spolupdsobenie nosnikov pri pre-
nose zvySeného staleho a pohyblivého zataZenia zabez-
petuje spriahujica Zelezobeténova doska s minimélnou
hribkou 0,2 m. Doska je beténovana do strateného deb-
nenia v predpisanom pozdiZnom a prieénom sklone a
vytvara priamy podklad pre izolaciu mostovky a kotvenie
mostného prisluenstva.

.Moméi nosnikov sa vykonala dvoma portalovymi
Zeriavmi 40 t s rozchodom 30 m. ieriavy sa pohybovali
po oco'lovej priehradovej Zeriavovej drahe uloZenej na
ocelovych podperach PIZMO. Prva sa montovala nosnd
konstrukcia pravého mosta. Rozhodnutim nezhotovif pi-
liere 3L a 9L v Ease montaze pravého mosta, bolo umoz-
nené vtesnat pddorys nosnej kon&trukcie pravého mosta
do pddorysu Zeriavovej drahy v celej dizke. To podstat-
ne zjednodusilo a urychlilo prace pri montaZi nosnikov.
Nosniky sa kompletovali vedla prisluiného mostného
goif:. .alebgl v jeho bezprostrednej blizkosti a odtial sa

Vihali dvojicou portalovych Zeriavov a ukladali na hrn-

cové loZiska.

pre:’ani l:nonté.’#ii favého mosta bola pre Zeriavovi drahu

— AOU u'i z-'mon.tovan‘é nosna konStrukcia pravého

prs . ko jediné riedenie, pri pouiiti tej istej techniky
O pri pravom moste, bolo postavif pravy pas Zeriavo-

vej 1 : 3 1
| drdhy na uz Zmontovanu a zmonolitnentd nosnu kon-

Strukci » :
Mého mosta. Jej Sirka viak nie je dostatoéne

created by changing only the height of the web. This is
done by inserting of horizontal formwork elements into
the vertical steel form. Depending on transport facilities
and conditions it is possible to produce beams divided
into three parts that are joined together by prestressing
on site. The production of complete beams, taking into
account the transportation and lifting possibilities in Slo-
vakia, is reasonable only up to 30 m of length. Separate
parts of beam are placed on plates, that are rigid but
allowing to move, then are straightened, prestressing
strands are installed and the faces of gaps are painted
with epoxide glue. By stressing the first three tendons
the faces are pressed, excessive glue is pushed out of
gap and left to harden. Then follows the stressing of the
rest of tendons follows togehter with their grouting by
cement grout. The prestressing can be introduced only
after concrete reaches the strength 40 MPa. Prestres-

Obr. 5. Pohlfad na montaZ nosnikov pravého mosta
Fig. 5. Assembly of beams |-96
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Obr. 6. MontaZ favého mosta
Fig. 6. Construction of the left bridge

velka na poloZenie Zeriavovej dréhy na celu dizku nos-
nej konatrukcie veelku, preto bola zloZena z _dvoch casti
dlzky 271 a 203 m, s presahom a pddorysnym zalome-
nim v okoli 6. pola. gal&ou komplikéciou bola vySka
samotnych portalovych Zeriavov, vyhodna pri rpontéi!
pravého mosta. Pri poloZeni obidvoch pasov Zeriavovej
drahy do jednej urovne sa Feriavova macka dostala do
vysky vylugujucej zdvihanie nosnikov z terénu. Nakon'lac
sa aj tento problém podarilo odstranit skratenim pravych
nbh portélovych Zeriavov o 13,5 m.

Zaver

Zatiatkom roka 1998 boli zmontované nosniky pravého
mosta spriahnuté Zelezobeténovou doskou, prebiehali
préce na betonaZi odvodfiovacieho Zlabu pravého mos-
ta, kotveni zvodidiel, kladeni rims, osadzovani zébradlia
a montaZi nosnikov favej nosnej konStrukcie. Most ma
byt dokon&eny a odovzdany do uZivania v auguste 1998.
Pri vystavbe dihych premosteni sa dodavatel staveb-
nych prac &asto potyka s kratkou lehotou potrebnou na
ich realizaciu. Rie$enim je rozdelif premostenie na vhod-
né technologické celky dané charakterom prekazZky. Pri-
kladom je aj opisané premostenie Vahu a elektrarenské-
ho kanéla, ked na premostenie inundacie Vahu bola
navrhnuta technolégia pozdiZnych ty&ovych prefabrika-
tov a na premostenie koryta Vahu a kanala technolégia
letmej betonaze [2].
Ugastnici vystavby:
— investor: Slovenska sprava ciest, Bratislava,
— projekt: Mosta, s. r. o. Bratislava,
- realiz4cia: Doprastav, a. s. Bratislava.

LITERATURA

[1] Sef&k, T.: Nové prefabrikéty na dialni&nych mostoch. In:
Zbornik predn&3ok .Betén na Slovensku v r. 1994-1998",
s. 78-79.

[2] Sagat, M.—Jangiga, V.: Most cez Véh a elektrarensky kanal
pri Beckove. InZinierske stavby, 44, 1996, €. 7, s. 311-314.
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sing tendons consist from 4 strands ¢ L, 15.5/1,800 MPa,
They are anchored by anchors KK-CH4 with dimension
0.18 x 0.16 m. The stress in tendons during anchoring
should be 1,432 MPa. '

Transverse joining the beams and their composite
action in carrying the rest of dead load and live load is
enasured by composite reinforced concrete slab with
minimal thickness 200 mm. The slab is cast into perma-
nent mould, keeping the specified longitudinal and trans-
verse decline and creates the base for deck insulation
and installing of bridge accessories.

Assembly of beams has been done by two gantry
cranes each with capacity of 40 tons and span of 30 m,
Cranes were travelling on steel truss crane runway, sup-
ported by steel members PIZMO. At first the structural
system of right bridge was built. Because during the
construction of the right bridge the piers 3L and SL were
not built the floor plan of structural system of right bridge
could lie inside of floor plan of gantry crane runway,
which increased the speed of beams assembly. Beams
were completed close to the particular bridge span, lifted
by cranes and fitted on bearings.

Finished structure of right bridge was a barrier for
crane runway during construction of the left bridge. If the
same construction technology should have been kept, it
was necessary to place the right line of crane runway on
already constructed structure of right bridge. Its width,
however, is not sufficient, therefore it consists from two
parts with lengths 271 and 203 with floor plane change
in direction in 6" span. Another problem arose from
height of gantry crane. After putting both lines of crane
runway on the same level the lifting device was not able
to reach the beams on the ground. This problem was
solved by shortening the right crane feet of 13.5 m.

Resume

At the beginning of 1998 beams of right bridge were
assembled and composite reinforced concrete slab was
cast. In progress were also casting the leades of right
bridge, installing the bridge accessories, and assembly
of beams of the left bridge. The bridge should be finished
by August 1998.

A contractor often has very limited time for construe-
tion of long bridges. This can be solved by dividing the
structure into suitable technological sections, determined
for example by type of crossed object. Described cros-
sing the Vah river and power plant channel is also an
example; the bridge crossing the inundation area is made
from precast concrete beams and for bridge across the
Véh river and power plant channel the technology of free
cantilevering has been accepted.

Organizations involved in project:

— client: Slovenska sprava ciest Bratislava,
— design: Mosta, s. r. o Bratislava,
— contractor: Doprastav, a. s. Bratislava.

I
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Most Pusty hrad vo Zvolene
Bridge Pusty hrad in Zvolen

Miroslav MATASCIK - Jan SOLTYS - Anna PETRIKOVA

Komunikacia 1/50 patri k vybranym cestnym fahom na
Slovensku a je zaradena do medzinarodnej siete (E-571).
Jej priefah mestom Zvolen predstavoval jednu z najvag-
gich dopravnych prekaZok. Most Pusty hrad je stcastou
novovybudovaného prietahu mestom Zvolen, ktory tvori
Stvorpruhovéa rychlostnd komunikacia. V roku 1996 bol
dobudovany poloviény profil tejto komunikacie (2 pruhy).
Dominantnym objektom tohto priefahu je prave opisova-
ny most Pusty hrad.

Koncepcia mosta

Néazory na koncepciu mosta predli zaujimavym vyvojom.
Objekt premosfuje rieku Hron, sustavu kolaji pri Zelez-
niénej stanici Zvolen, miestnu komunikéaciu, rieku Slatinu
a lavku ponad rieku Slatinu. Most zarovefi umoZfiuje
viesf trasu v Uzkom koridore medzi riekou Slatina a str-
mym svahom vrchu Pusty hrad. Naro&né je najmé jeho
krizenie s velmi frekventovanou Zelezniénou trafou, kto-
ra musela by! po€as celej vystavby mosta v prevadzke.
Hlavne tato prekaZka spbsobila, Ze v prvej etape projek-
tovych prac projektant navrhol nosnu kon&trukciu z pre-
fabrikovanych prie¢ne delenych prvkov (segmentov), ktoré
sa mali montovat pomocou montaZneho mosta ,zhora®.

Toto, na prvy pohlad logické riedenie, bolo v dalSom
Stadiu projektovych prac podrobené nasledujlcej opo-
nenture.

Komunikacia je zhodou okolnosti vedena tak, Ze most
okrem uZ uvedenych prekaZok premosfuje aj stavebny
dvor firmy Doprastav. Na tejto ploche bola uZ v tom &ase
vybudovana betonarka a hala na ohybanie betonarskej
vystuZe. Aj ked v €ase projektovych prac nebola eSte
znama firma, ktord bude stavbu realizovaf, existujice
stavebné kapacity priamo pod mostom projektanta inpi-
rovali k zmene koncepcie vystavby mosta. Preto bola
nosna konstrukcia definitivne navrhnutd z monolitického
dodatone predpatého beténu. Stiesnené priestorové
pomery nad Zelezniénou trafou neumoZnili pouZif nie-
ktort progresivnejgiu technolégiu vystavby monolitickych
mostov, napr. vysuvnl skruZ. Most bol vybudovany na
podpernej skruZi PEINER. Napriek pouZitiu tejto, dnes uZ
nie najmodernejSej technolégie, vysledné ekonomické
parametre monolitického variantu zasluhou uZ spomina-
nych skuto&nosti boli priaznivejsie, ako boli ekonomické
parametre pévodného prefabrikovaného variantu.

Vyvojom nazorov prediel aj usek trasy pod kopcom
Pusty hrad. V prvej etape projektovych prac viedla ko-
munikécia v tomto Useku na systéme opornych a zarub-
nych mdrov. Toto rieSenie si viak vyZadovalo znaény
objem zemnych prac a velmi nedetrny zdsad do svahu
kopca Pusty hrad. Preto bola koncepcia navrhu trasy aj
kondtrukéného rieSenia mosta prehodnotena a vysledné
rieSenie je nasledujuce: Niveleta v tomto Useku je vede-

Ing. Miroslav Matad&ik — Dopravoprojekt, a. s. Bratislava; Ing.

Jan Soltys, Ing. Anna Petrikova — Doprastav, a. s. Bratislava,
zavod Zvolen.

The road I/50 is one of the major routes, part of the se-
lected road network in Slovakia, included into the Inter-
national road network (E-571). The road section passing
through the Zvolen city causes serious traffic problems
due to the adverse combination of both urban and transit
traffic. The bridge that will be described briefly further is
part of the future four-lane road section to be built by-
passing the city Zvolen. In the first construction stage,
which is being carried out at present, it is proposed to open
to traffic only a half of the road profile — the right bridge.

Conception of design

Conceptions regarding the design of the bridge have
been developed in the course of a rather interesting
process.

The bridge crosses the River Hron, the system of
railway lines near Zvolen railway station, the Slatina ri-
ver and a foot bridge over it. The bridte enables running
the route within a narrow corridor between the River
Slatina and the steep siope of the hill ,Pusty hrad®.
Crossing a busy railway line which should be in opera-
tion throughout the construction period, proved to be the
major very difficult precondition in stage of bridge design.
Due to this obstacle the bridge designer at the beginning
of desing works decided to construct the bridge deck as
a system of precast, transversally separated elements —
segments, which that will be erected by means of laun-
ching girder from ,above“. Such, at the first sight reaso-
nable solution, was in the next design stage subject to
the following discussion.

The Zvolen by-pass alignment has been, by a coinci-
dence, designed in a such way that the bridge crosses,
apart from the above mentioned obstacles, also the buil-
ding yard of Doprastav, one of the biggest civil enginee-
ring company in Slovakia. A new concrete mixing plant
as well as a production hall for shaping/bending of rein-
forcing steel bars had been built up in the yard before
the desing works the contractor of the bridge was not
known, the existing equipment and facilities, situated
directly under the future structure, inspired the designer
to modify conception of the bridge superstructure design.
Taking into accout all together, the superstructure was
designed as cast-in-place, post tensioned, prestressed,
concrete structure. Limited space above the railway track
did not allow to use more progressive technologies such
as a mobile false work or incremental launching. The
bridge has been built on the false work of PEINER type.
Despite of using it, from the contemporary point of view not
very modern and sophisticated technology, the resulting
economic parameters, owing to already mentioned facts,
are more favourable than economic parameters of the ori-
ginal proposal i. e. precast segmental structure.

Various conceptions concerning the section under the
-Pusty hrad" hill were considered in the design stage. At
first, the road in this section was assumed to be suppor-
ted by the system of retaining walls. Such proposal, ho-
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Obr. 1. Prehladna schéma mosta
Fig. 1. Longitudinal section of the bridge
na v dvoch urovniach — samostatne pre pravy a lavy
most. V Useku, kde je koridor medzi riekou Slatina a
svahom kopca Pusty hrad najuZsi, je lavy most podsu-
nuty pod mostovkovu konzolu pravého mosta. Tymto rie-
genim sa vedenie trasy ovela lepsie prisposobilo konfi-
gurécii terénu a vedenie trasy na mostoch privelmi ne-
nari3a okolitu krajinnu scenériu. Dvojuroviiové riedenie
mostov okrem toho optimalizovalo spotrebu materialov aj
objem zemnych prac, takZe si nevyziadalo zvySenie finan-
&nych nakladov oproti pdvodnému riedeniu (oporné mury).
Zakladné technické parametre mosta:
— dizka mosta 726 m,

Obr. 2. Prieény rez
Fig. 2. Cross section

wever, required extensive earthworks and an conside-
rable impact into the slope of the ,Pusty hrad” hill. There-
fore the proposal had to be revised, and the following
technical measures to be adopted: Different alignment of
the left and right bridge. In the section of the narrowest
corridor between the river Slatina and the slope of the
hill the grade line as well as the centre line of the left
bridge would be lowered and situated under the right
bridge deck be lowered and situated under the right
bridge deck slab cantilever. By this technical solution the
bridge meets much better the requirements resulting from
an actual terrain configuration and protection of beautiful
natural environment surrounding the site. Moreover, the
two-level design of the bridge optimizes the quantities of
structural materials as well as those of earthworks. Besides
that, such solution has not required higher costs in compar-
ison to the original design — the system of retaining walls.
The result of this conceptual design is the bridge,
which basic parameters/data will be described further.
Principal parameters of the bridge:
- length of the bridge 726 m,
— number of spans 17,

Obr. 3. Pohlad na most - smer Pusty hrad
Fig. 3. View at the bridge — direction Pusty hrad

36

InZinierske stavby, ro&. 46, 1998, & 1-2

L=t
{6 W

— potet poli 17,

_ dizka poli 31,5 az 47 m,

— &irka mosta 12,75 m,

— vy3ka mosta nad terénom 4 aZ 13 m.

Spodna stavba

Podpery mosta sii v dolnej &asti stlpy a v hornej Zasti st
to stenové prvky votknuté do stipa. Tento tvar podpier
umoZnil kolmé podopretie nosnej konstrukcie napriek
tomu, Ze krizenie mosta so vSetkymi prekazkami je Sik-
mé s rbznym uhlom kriZenia.

Nosna konstrukcia

Nosnu konstrukciu mosta tvori spojity nosnik jednokomo-
rového prieéneho rezu. Je rozdelena na dva dilatainé
celky dizky 471,5 m a 240,5 m. Nosna kontrukcia bola
vybudovanéa po poliach od opory 1 k podpore 12 a su-
gasne od podpery 12 k opore 18. LoZiska su hrncové a
poZas vystavby mosta boli niektoré posuvné loZiska za-
blokované, &im sa zmenili na neposuvné.

V pozdiZnom smere je kon3trukcia navrhnutd ako
pine predpéata. Predpinacie jednotky tvoria kable z lan L,
15,5/1 800 MPa. 70 % kablov je stykovanych pomocou
kablovych spojok v pracovnej Skare. Asi 30 % kablov je
vedenych od prieénika po prieénik a v pracovnej S$kare
nie sU stykované. Tieto kable boli vytvorené z 9 lan
¢ 15,5 z toho dbvodu, Ze ich bolo treba nasuvat v Useku
od pracovnej Skary po prieénik do uZ zabetdnovanych
prazdnych kablovych kanalov. Men&i pocet lan umoZfio-
val pohodinejSie a spofahlivejSie nasunutie lan do zabe-
tonovanych kanalov.

Spotreba materialov: piléty 143 m?, Stetovnice typu
Larssen 376 t, beton 11 028 m? betonarska vystuZ
1 253 t, predpinacia vystuZ 321 t.

Vzhladom na zlé skusenosti s kvalitou kotviacich
kuZelikov, boli obavy z moZnosti uvolnenia niektorych lan
v spojkach. Tieto nahradné kable by pokryvali iba kladné
medzipodporové chybové momenty. Zaporné nadpodpo-
rové momenty by mali byt (v pripade spominaného Gniku
lan) pokryté 10 predpinacimi tyéami, ktoré by sa nasuva-
li do otvorov vynechanych v prieéniku (v Grovni pod hor-
nou mostovkovou doskou) a zakotvili by sa do rebier
vzdialenych 6,5 m od prieénika po jeho oboch stranach.

V prieénom smere je kontrukcia predpnuta iba v (se-
ku prie¢nikov pomocou predpinacich tyé CPS ¢ 32.

Zaver

Vystavba mosta si nevynitila Ziadne zasadné zmeny
oproti projektu, takZe prace na moste prebehli plynule
(jedna etapa 21 dni).

Stavbu financovala Eurépska banka pre obnovu a
rozvoj a tak bola pod prisnym dozorom expertov tejto
institucie. Fakt, Ze z ich strany neboli vznesené Ziadne
zasadné pripomienky k realizacii objektu je dokladom, Ze
definitivne zvolena koncepcia mosta bola spravna a pro-
jektova dokumentécia mala Urovefi dosahovanu v inych
vyspelych eurépskych krajinach.

U€astnici vystavby:
~ Obstaravatel: Slovenskéa sprava ciest Bratislava,
= projektant: Dopravoprojekt, a. s. Bratislava,
= realizator: Doprastav, a. s. Bratislava, zavod Zvolen
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Obr. 4. Pohlad na most - smer Hron
Fig. 4. View at the bridge - direction Hron river

- length of spans 31.5-47 m,
— width of the bridge 12.75 m,
- height of the bridge above ground level 4-13 m.

Substructure

The piers of the bridge are of hammerhead type formed
of circular columns and upper parts made of wall ele-
ments embedded into the column. Such shape of a pier
enables perpendicular supporting of the superstructure
despite different angles crossing the obstacles.

Superstructure

The bridge superstructure represents a continuous sin-
gle-cell box beam. It consists of two expansion units/
parts, the lengths of which are 471.5 m and 240.5 m
respectively. It is assumed that entire beam will be con-
structed gradually span by span from the abutment
No. 1 to the pier No. 12 and at the same time from the
pier No. 12 to the abutment No. 18.

Movable and fixed bridge neopot bearings have been
designed to support the superstructure. In the course of
construction, however, some of movable bearings will be
temporarily blocked thus acting as the fixed ones.

70 % of prestressing cables will be coupled in work-
ing joints between individual working stages, while 30 %
will pass from one cross beam to the next one.

Structural materials: piles 143 m® sheet pile walls
Larssen 376 t, concrete 11,028 m®, steel reinforcement
1,253 t, prestressing steel 321 t.

Conclusion

At present, the construction works on the right bridge are
nearly completed. The construction of the bridge has not
required any substantial variations and modifications so
far. The works are carried out in accordance with the
approved schedule, smoothly with the average speed of
1 working stage in 21 days.

The project is partly financed by the European Bank
for Reconstruction and Development. So it is under tho-
rough supervision of the experts from this financial insti-
tution. The fact, that up to now they have had no objec-
tions to the way of construction, can also be taken as an
evidence of the right and sound design. It means that
final alternative of bridge design was choosen properly
and design documentation has a level wich is usual in
other developed countries.

Participants:

- client: Slovenska sprava ciest Bratislava,
- designer/consultant: Dopravoprojekt, a. s. Bratislava,
— contractor: Doprastav, a. s. Bratislava.
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Most cez Sucanku pri obci Skalka
Bridge over Suc¢anka river at Skalka

Miroslav MATASCGiK - Katarina TABORSKA - Lubomir HRNCIAR

Usek dialnice medzi obcami Chocholnd a NemSova je
Zastou dialni&ného tahu D1 — severo-juZnej transeurop-
skej magistraly E75, ktora v blizke] budticnosti prepoji
dialnignd sief Madarska a Polska. Tento usek dialnice
tvori obchvat mesta Tren&ina a jeho uvedenie-do pre-
vadzky v roku 1997 umozZnilo odklon tranzitnej dopravy
mimo mesto. Dialnica je v tomto Useku vedena v Eleni-
tom teréne, &o si vynutilo vybudovaf viaceré mostné
objekty. Medzi najvaZsie a najnarognejsie patri dialniény
most cez rie¢ku Stdanka pri obci Skalka.

Charakteristika izemia a premostenia

Su&anka v&ak nebola tou hlavnou prekaZkou, ktori ob-
jekt premostuje. Najnaro&nejSim premosfovanym Gsekom
bol strmy svah brala nad obcou Skalka, ktory ma pod
mostom sklon aZ 45°. Navy3e, svah je sice zloZeny z
nateraz stabilizovanych sufovych materidlov, ale celé
toto Uzemie bolo latentne zosuvné a kaZdy stavebny
zasah do terénu hrozil naruSenim krehkej stability.

Spodna stavba

Spodnu stavbu mosta tvoria dvojice stipov Sestuholniko-
vého prierezu. Rdmova podpera je tvarovana ako zdvo-
jena z dvoch Standardnych podpier. Navrh ani realizécia
va&siny podpier neboli spojené s mimoriadnymi problé-
mami, iba ramové podpery boli extrémne namahané v
stavebnom 3tadiu, v ktorom bolo vahadlo nesymetrické
aZ o tri lamely.

Nosna konstrukcia

Most tvoria dve subeZné dialniéné estakady. Nosna kon-
Strukcia obidvoch mostov je spojity 6-pofovy komorovy
nosnik premennej vy3ky (nabeh pri ramovej podpere) z
dodatoéne predpatého beténu B 40.

Prevaina é&asf nosnej konstrukcie bola budovana
technolégiou letmej betonaze, iba kratke Useky pri kraj-
nych oporach boli vybudované na skruZi PIZMO. Aby sa
vyhovelo poZiadavkam stavby na efektivne vyuZitie beto-
novacich vozikov, a aby sa minimalizoval Usek pri krajnych
oporach 10 budovany na PIZME (obtiaZny terén), velké
vahadlo nad ramovou podperou bolo budované s excentri-
citou aZ tri lamely. To znaéne prefaZovalo zakladovu dosku
aj driek podpery a komplikovalo navrh vedenia kéblov.

Predpitie

Technolégia letmej betonaZe v zasade predurfuje spb-
sob vedenia kablov. Projektant mal moZnost vyberu z
nasledujucich systémov:

Ing. Miroslav Mafaiéik, Ing. Katarina Taborska — Dopravopro-
jekt, a. s. Bratislava; Ing. Lubomir Hmé&iar — Doprastav, a. s.
Bratislava.

The D1 motorway section between Chocholna and Nem-
Sov4 is a part of the north—south European road E75,
which — in the near future — would connect the motorway
networks of Hungary and Poland. This motorway section
is a by-pass of Trenin and its operation since 1997 has
enabled to get transit transport out of the city. The sec-
tion runs along a dissected landscape, and thus several
bridges were required. Among the largest and most dif-
ficult ones there is the motorway bridge over Suéanka
river at the village Skalka.

Characteristics of the location and the
bridge

Suéanka river was not the major obstacle to be bridged.
The most difficult section was a steep rock over Skalka,
with a decline of 45" under the bridge. Moreover, the slope
consists from recently stabilised detritus, and all this area
is a potential landslide. Any intervention to the landscape
was threatening with a disruption to the fragile stability.

Substructure

The bridge substructure is made by pair of hexagonal
piers. The shape of frame support is created by twinning
standard supports. Neither the design nor the implemen-
tation of the most supports was particularly problematic,
just the frame supports were under an extreme load du-
ring the construction when the cantilever was asymmet-
ric by three segments.

Superstructure

The bridge consists of two parallel bridges. The deck of
both bridges is a continuous box girder of variable height
(haunch at frame support) from prestressed concrete
(B 40) with 6 spans.

The major part of the deck was built by balanced
cantilever method, only short sections at abutments were
built on falsework. To fulfil the requirements on efficien-
cy of travelling formwork and to minimise the section at
abutment 10 built on falsework (difficult landscape), the
large cantilever over the frame support was asymmetric
by three segments. Thus, the foundation slab and frame
support was considerably overloaded and the cable ar-
rangement was complicated as well.

Prestressing

The cantilever technology basically sets out the arrange-

ment of tendons. The designer had choice from the fol-

lowing systems:

— system of straight tendons in upper and lower flange
— system A,

— a system of straight and polygonal tendons in upper
and lower flange and webs — system B,

— a system of straight tendons in the cross-section and
polygonal external tendons — system C.
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Obr, 1. Prehladné schéma mosta
Fig. 1. Scheme and cross sections ?.‘_

y -

= systém rovnych kéblov vedenych v priereze (v hornej

a dolnej doske) — systém A,

- systém rovnych a parabolickych kablov v priereze (v

hornej a dolnej doske a v trdmoch) — systém B,

- systém rovnych kéblov v priereze a polygonalne vede-

nych .volnych® kablov — systém C.

; Systém A je technologicky velmi pohodiny a umoZfu-
je znagné vylahé&enie prierezu (kdble nie si vedend v
trdmoch), ale k statickému pésobeniu takéhoto systému
mpzno mat vyhrady. Zna&né mnoZstvo letmo beténova-
nych mostov s uvedenym spdsobom vedenia kablov
vykazuje vaésie priehyby od dotvarovania ako predpo-
kladal projekt. Je podozrenie, e prig¢inou je chybajici
zdvihovy Gginok parabolickych alebo volnych kablov.

Systém B je staticky optimalny, vedenie kéblov je
logické. Je viak konzervativny tym, Ze &ast zapornych
k@blov je vykotvovana v tramoch a aj parabolické kable
su u"adené v tramoch. To neumoZfuje tak vyrazné vylah-
&enie prierezu ako pri systéme A. Pri mostoch s rozpa-
tim pola do 150 m je viak mo2né bez va&sich problémov
nadimenzovat prierezy s parametrami, ktoré umoZfiujd
viest kéble aj v tramoch.

‘Sys.tém C je najviac opodstatneny pri mostoch z roz-
pﬁl!ﬂﬂ"ﬂ' nad 150 m. Dvihané volné kable &iasto&ne neu-
tralizuji problémy s dotvarovanim. DalSou vyhodou tohto
Systému je potencidlna vymenitelnost volnych kéblov v
Pﬁpade_problémov s ich kvalitou alebo Zivotnosfou. Volné
!(éble sU v8ak aj ,médou” a ich automatické pouZivanie nie
I vidy opodstatnené. Nevyhody systému s tieto:
~ Vymenitelnost obmedzeného mnoZstva kablov posuva

tuto Prednost do relativnej roviny,
= Vyi8ia cena volnych kablov,

’:‘Zlgnitolnod' volnych kéblov (moZnost ich podkode-

The A system is very comfortable from the view of
technology and enables a considerable reduction of the
cross-section (the tendons are not placed in webs), its
statics, however, is not optimal. A relatively high number
of bridges with this system of tendon layout have higher
deflections due to creep than expected by the design.
There is a suspition that the uplift effect of polygonal and
external tendons is missing.

The B system is optimal from the view of statics, the
arrangement of cables is logical. It is, however, conser-
yative. because a part of negative tendons is anchored
in the webs and the polygonal tendons are placed in
webs, too. This does not enable such a significant re-
duction of the cross-section (as with A system). The
design of bridges with spans up to 150 m is quite un-
complicated with parameters allowing carrying the cables
even in webs.

The C system is the best justified for bridges with
spans over 150 m. Draped external cables partially neu-
tralise the creeping problems. Another advantage of the
system is the potential replaceability of external cables
in case of problems with their quality or durability. Even

Obr. 2. Pohlad na most od Skalky
Fig. 2. View at the bridge from Skalka

InZinierske stavby, ros. 46, 1998, & 1-2
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Obr. 3. Zakladovy pas spojeny so zarubnym murom
Fig. 3. Foundation stripe connected to revetment wall

— vagsia pracnost pri ich osadzovani (podfa nazoru
zhotovitela objektu),

— nie optimalne statické pdsobenie (v porovnani so sys-
témom B).

Vzhladom na uvedené, pri navrhu predpéatia mosta
cez Suéanku sa projektant rozhodol pouZif systém, ktory
zluguje prednosti systému B a systému C. Vetky kable
su vedené v priereze a su pouZité aj parabolické staticky
optimalne kéable vedené v tramoch. Su viak urobené
kon&truk&éné opatrenia (zabudované kotevné dosky a
kablové kanaly v prieénikoch a deviatory v medzipodpo-
rovych prierezoch), ktoré umoZnia v pripade potreby
(Gnik predpétia pogas vystavby, neprimerané dotvarova-
nie, potreba zvySenej zafaZitelnosti mosta) dodatotne
pridaf volné kable a zvySif tym unosnost mosta.

Tento systém navrhu kablov povaZujeme pri mostoch
podobnych parametrov za optimalny. Jedinym nedostat-
kom je mensie realizaéné ,pohodlie* vzhladom na kable
vedené v tramoch, ale tato kratkodoba nevyhoda je bo-
hato vyvaZena ostatnymi uvedenymi prednosfami.

Na moste cez Suéanku bolo predpatie pouZité aj v
konstrukénom prvku, kde sa beZne nepouZiva, a sice v
zakladovej doske. UZ spominané extrémne namahanie
zakladovej dosky od nesymetrického vahadla ramovej
podpery 11 a snaha o ,plytky* zaklad minimalnou kon-
Strukénou vyskou viedli k tomu, Ze zakladova doska bola
navrhnutd ako predpata. Ako predpinacie jednotky sa
pouzili kdble 13 ¢ Ls 15,5/1 800 MPa.

Zaver

Most cez Stéanku je v stiéasnosti uZ v prevadzke. Jed-
notlivé obliky dokumentuji, Ze vhodne zapada do na-
dhernej prirodnej scenérie nad obcou Skalka. Verime, Ze
nielen svojim vzhladom, ale aj bezproblémovou prevadz-
kou potvrdi spravnost projektovych predpokiadov.
Uéastnici vystavby:

— investor: Slovenska sprava ciest Bratislava,

— projektant: Dopravoprojekt, a. s. Bratislava,

— realizator: Doprastav, a. s. Bratislava, OZ Mlynské

nivy.

LITERATURA

[1] MatasZik, M.~Taborska, K.: Premostenie rieky Stu&anka pri
obci Skalka. InZinierske stavby, 44, 1996, &. 7, s. 296-300.

Obr. 4, Podpera ,&akajica” na maly vozik
Fig. 4. Support expecting travelling formwork

external cables are nowadays often used, their automa-

tic application is not always justified. The system has fol-

lowing waeknesses:

— the replaceability of a limited number of cables makes
this advantage a relative one,

— higher price of external cables,

— vulnerability of external cables (possibility of their
damage),

— higher labour requirements for their fixation (in the
contractor's opinion),

- non-optimal static effects (compared to the B system).

Due to the above mentioned facts, the designer has
decided to apply a system sharing the advantages of
systems B and C. All the cables are internal, polygonal
cables optimising the statics are carried in the webs.
There have been taken appropriate measures, such as built
in anchoring plates and cables ducts in cross beams and
deviators between the supports, which in case of necessity
(loss of prestress during construction, inappropriate creep-
ing, higher load to the bridge) would allow to add external
cables, increasing thus the bridge bearing capacity.

This system of tendon arrangement is considered to
be optimal at bridges with similar parameters. The only
drawback is less ,comfort* during construction due to
cables placed in webs. This short-term disadvantage,
however, is well balanced by other already mentioned
advantages.

At the bridge over St&anka, prestress was applied
also in the foundation slab. The already mentioned ex-
treme stress to the subbase from the asymmetric canti-
lever and an attempt on ,shallow* foundations with a
structural height a small as possible, have led to a pre-
stressed foundation slab. Cables of 13 strands ¢ Ls 15.5/
1,800 MPa were used as prestressing units.

Conclusions

The Su&anka bridge has recently been put in operation.
The photographs attached are an illustration of how well
it harmonises with the beautiful landscape over Skalka.
We hope the bridge would confirm the correctness of
design not only by its outiook, but mainly by its smooth
operation.
Participating organisations:

— investor: Slovenska sprava ciest Bratislava,
— design: Dopravoprojekt, a. s. Bratislava,
- contractor: Doprastav, a. s. Bratislava, OZ Miynské

nivy.
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NAS VYROBNY PROGRAM

ZARIADENIA PRE BETONARKY
- sila a zasobniky, dopravniky, podpemé konstrukcie,
ploSiny a rebriky

SPECIALNE FORMY NA BETONOVE PRVKY

- formy pre mostové nosniky, TT, T

- drahy na vyrobu stropnych dosiek

- formy garaZi, kobiek transformatorov

- vertikalne batérie

- bunkové formy na vyrobu segmentov pre mosty

UNIVERZALNE DEBNIACE SYSTEMY TYPU
- MTS, US - kruhové debnenie na vystavbu CistiCiek
odpadovych vod

ZARIADENIE PRE CEMENTARNE
- potrubia rozliéného tvaru, dopravniky, triediace stroje,
cykiony a filtre

ZARIADENIA PRE LETMU BETONAZ MOSTOV

- beténovacie voziky, formy pre segmentove technologie
vystavby mostov

- ocelové pomocneé konstrukcie

KOTEVNY MATERIAL
- kotevné objimky, ¢eluste, skrutky

NADROZMERNE OCELOVE KONSTRUKCIE

Z PROFILOVANEJ OCELE A PLECHU

- akosti 11 373 STN-EN 10027-1, S 235 JRG1
11 523 STN-EN 10027-1, S 235 JO

PROGRAM OF OUR PRODUCTION

EQUIPMENTS FOR CONCRETE MIXING PLANTS
- storage bins, transporters, supporting constructions,
platforms, ladders

SPECIAL FORMS FOR CONCRETE ELEMENTS
- forms for TT, T bridge beams

form for garages, form for electric transformer cells
- cells for segmentaly precast bridges

UNIVERZAL FORMWORK SYSTEMS
MTS, US - circular formworks for sewage treatment plants

EQUIPMENT FOR CEMENT FACTORIES
pipelines of various form, transporters, screening machines,
cyklon separators and filters

EQUIPMENTS FOR BRIDGES BUILT WITH FREE
CANTILEVER METHOD

ncreting camiages, universal cell forms, steel service structures

ANCHORING MATERIAL
nchorage barrels, wedges, bolts

OVER AVERAGE STEEL STRUCTURES FROM ROLLED
PROFILES AND SHEETS
ality of 11 373 STN-EN 10027-1, S 235 JRG1
11 523 STN-EN 10027-1, S 235 JO
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Segmentove mosty na Slovensku
Segment bridges in Slovakia

Ladislav BACA

Vedenie trasy dialnice D1 v Useku Skala—Nem3ova v km
23195 prekonava prirodnu prekazku — rieku Vah most-
nym objektom Most cez rieku Vah. Objekt je navrhnuty a
realizovany technolégiou letmej montaze. Ide o techno-
légiu, ktora sa s uspechom vysku3ala uZ na realizova-
nych usekoch dialnice, resp. mostnych estakadach v
rokoch 1990 aZ 1994. Dosiahnuté parametre vystavby,
rychlost vystavby, presnost smerového a vySkového ve-
denia nosnej konStrukcie umoZnili vylU&if napr. vyrovna-
vaci betén mostovky, rektifikaéné ,mokré" Skary a pod.
Problematicka pohladova nejednotnosf sa uspokojivo
vyrieSila vhodnymi receptirami beténu, navrhom uzatva-
racich naterov s primesou pigmentov, s Uspechom sa
odskisali a dihodobo experimentalne overili nové tech-
nolégie predpinania kablov jednotlivo a pod.

Zmenené podmienky na trhu mostnych technolégii v
zaliatku 90. rokov velmi rychlo viedli k nutnosti zaistit
konkurencieschopnost segmentovych mostnych sustav
najma zrealnenim ich ceny, s poukazanim na ich kvalitu
a celkovu spolahlivost.

Most cez rieku Vah v km 2,3195

Navrhnuty je ako dva sibeZné identické mostné objekty,
ktoré po statickej stranke predstavuji 10-polovy spojity
nosnik s rozpatim poli (28,4 + 432 + 498 + 4 x 57,4 +
+ 52 + 49,8 + 32,8) m, s celkovou diZkou mosta 500,82
m (obr. 1). Most je v smerovom obliku s polomerom
2000 m v kondtantnom pozdiZnom sklone 0,5 % a v jed-
nom prieénom sklone 2 %. Rozdelenie jednotlivych poli
je navrhnuté tak, aby redpektovalo tok rieky Vah, ako aj
podmienky technolégie vystavby — postupom vpred.

Spodné stavba - vnitorné podpery st navrhnuté ako
bodové, kruhové piliere ¢ 3 000 mm s roz&irenou prie-
€fou, umoZfiujicou uloZenie nosnej kon&trukcie prostred-
nictvom dvojice loZisk HKL nosnosti do 13 000 kN na
spodnu stavbu. ZaloZenie spodnej stavby je v &asti inun-
dacie navrhnuté ako plodné zakladanie v otvorenych
stavebnych jamach s obvodovymi Stetovnicovymi stena-
mi dizky 12,5 aZ 14 m. Piliere situované v toku rieky Vah
SU zaloZené prostrednictvom VP pilét ¢ 1,24 m dizky 12
M v polte 12 ks/zéklad. Ochrana drieku pilierov proti
abrazivnemu Gginku vodného toku, pbvodne navrhnuta
kgmennym obkladom, bola zabezpedena kry3talizaénym
\flacnésobnym naterom. Tento sa aplikoval po vySkovu
uroven Om. Aplikaciou nateru sa zniZili stavebné nakla-
dy a zvaSila prieto&na plocha v profile asi o 8 %. Kon-
20lové vyloZenie priedle spodnej stavby a velkost zafa-
Zenia si vynutilo jej prie¢ne predpnutie, ktoré sa realizo-
valo tyéovou predpinacou vystuZou CPS 32 v celkovom
Podte 2 x 13 = 26 ks/priedla.

B
Ing. Ladislav Bata, CSc. — Geoconsult, s. r. 0. Bratislava
e s

The route of D1 motorway in the Skala—Nemsova sec-
tion at km 2.3195 crosses a natural obstacle — the Vah
river — by means of the bridge structure ,Bridge over the
Vah River®. The structure has been designed and built
using the free-cantilever method. This technology has
been successfully verified in the already built section of
the motorway and on the other long bridges build by this
method in 1990-1994. Construction parameters, pro-
gress of the construction, accuracy of the directional and
vertical guiding of the superstructure made it possible to
exlude, for example, the levelling concrete on the bridge
surface the rectifying ,wet" joint, etc. As regards the lack
of uniform appearance, this problem has been satisfac-
torily dealt with using appropriate concrete mix formulae,
and closing paints with pigment admixtures. New tech-
nologies of individual calbe pre-stressing have been
successfully tested and experimentally verified on long-
lasting test.

The changes that took place in the bridge technology
market in the early nineties rapidly brought about the
need to ensure the competitiveness of segment bridge
systems, in particular by making their price more realis-
tic and by pointing to their quality and overall reliability

Bridge over the Vah river at 2.3195 km

Is designed as two parallel identical bridge structures
From the static point of view, they reperesent a 10-span
continuous girder with the spans of (28.4 + 432 +
+49.8 + 4 x 57.4 + 52 + 49.8 + 32.8), total length of the
bridge being 500.82 m. The bridge is built in the direc-
tional curve of A = 2,000 m radius, constant longitudinal
gradient of 0.5 %, and uniform transversal gradient of
2 %. The division of individual spans has been designed
so as to respect the course of the Vah river and the con-
ditions given by construction technology — cantiliver con-
struction method by assembling precast segments.

The substructure — internal point supports are de-
signed as circular columns of 3,000 mm diameter with a
wider crossbeam making it possible to place the super-
structure using a pair of HKL bearings with carrying ca-
pacity of up to 13,000 kN on the substructure. The foun-
dation of the substructure in the flood area has been
designed as spread foundation in open construction pits
with peripheral sheet pile walls of 12.5 to 14 m length
The piers situated in the Vah riverbed are founded using
piles of 1.24 m diameter and 12 m length, the total of 12
pcs/foundation. The protection of the pier shaft against
abrasive effects of the water flow, originally proposed as
stone revetment, has been ensured using multiple crys-
tallising coating. The coating was applied up to the Q 100
level. The application of the coating resulted in the re-
duction of construction costs and in the increase of the
flow area in the profile by approx. 8 %. Because of the
cantilevered lining of the substructure crossbeam and the

size of the load, it was necessary to carry out its trans-
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Obr. 1. Most cez Véh na dialnici v km 2,3195
Fig. 1. Longitudinal section and plan of the bridge

Nosna konstrukcia — je navrhnuta zo segmentov typ
DPS - Fl vy3ky 3 m so 3irkou prieéneho rezu 13,95 m v
arovni hornej dosky a 3irky 6 m v Urovni dolnej dosky,
kon&tantnej vydky 3 m. Vnutorné segmenty — hribka tré-
mov je v zavislosti od namahania odstupfiovana, a to
0,38 m a 0,5 m. Podobne aj spodna doska ma premennu
hribku od 0,2 do 0,35 m.

Vnitorné nadpodperové segmenty, z dovodu prekro-
&enia hmotnosti viac ako 65 t a pri poZiadavke ich dotva-
rania na stavbu v kompletnom vystrojeni, si navrhnuté
ako delené v diZzkach polovice segmentu 1,5 m. Delenie
segmentu je v osi UloZnej priamky zvislou deliacou rovi-
nou. Vzajomny styk sa realizoval na kontaktni 3karu.
Tento systém delenia vnutornych nadpodperovych seg-
mentov sa ukézal v Ease ako spolahlivy, bezpeény spo-
sob tak z hladiska silového namahania, ako aj vlastnej
montéaZe prieénikov a vahadla.

Systém nosnej konStrukcie vyuZiva ako predpinacie
jednotky v3etky druhy predpinacieho vystrojenia — su-
drZné i nesudrZné kable s vonkajsim predpinacim systé-
mom, pouZitie tyéovych predpinacich jednotiek pri po-
stupnych montaZnych operaciach.

Vedenie drah volnych kablov vyuZiva systém devia-
torov, ktorych tvarova optimalizacia vyrazne zjednodusi-
la naroky na pocetnosf prvkov debnenia deviatorov. V
zasade pracujeme len zo 4 zakladnymi tvarmi deviatorov
a ich modifikaciami. Su¢asfou vybavenia komorového
prierezu su vystuzné rebra, prenasajuce vztlakové sily
deviatora do prierezu a vyuZivaju sa ako kotviace miesta
pre montazne predpinacie prvky. V kazdom poli nosnej
konstrukcie su navrhnuté volné kéable v zostave 18 ¢ Ls
15,5 mm/1 800 MPa v celkovom poéte 2 x 4 = 8 kablov,
v krajnych poliach v poéte 2 x 3 = 6 kablov. Kable s
uloZené v rure HDPE ¢ 125/4,8 mm. Lana sa napinaju

verse pre-stressing, using bar pre-stressing reinforce-
ment CPS 32, the total of 2 x 13 = 26 pcs/cross beam.

The superstructure has been designed from DPS-FI
type segments of 3 height, with a 13.95 m cross section
at the level of the upper slab and 6 m width at the level
of the lower slab, and a constant height of 3 m. Internal
segments — the thickness of the girders is graded, de-
pending on the load, ranging from 0.38 m to 0.5 m. The
lower slab is also of variable thickness, ranging from 0.2
to 0.35 m.

Because the weight of 65 t has been surpassed and
because there is a requirement that they be supplied to
the construction site as a complete assembly, the pier
internal segments have been designed as sectional, at
the length of one half of the segment, i. e. 1.5 m. The
segments are sectioned along the bearing line by means
of a vertical dividing plane. The mutual contact is aﬂgc-
ted to the contact cold joint. This system of sectiopmg
pier segments over the supports has shown, over time,
to be reliable and safe both as regards the stress and
the assembly of cross girders and balance beam.

Prestressing units used in the superstructure system
include all types of prestressing means — grounted ca-
bles in ducts, unbonded external tendons, bars.

A system of deviators is used in guiding the trajecto-
ry of unbonded (external) cables. Owing to the optimis-
ation of their shape, it was possible to reduce significant-
ly the requirements concerning the number of parts of
deviator forms. Basically, we work only with 4 basic
deviator shapes and their modifications. The fittings of
the chamber section include the reinforcing ribs which

carry the lifting forces of the deviators to the cross sec- .

tion and are used as anchoring sites for prestressing
assembly units. In each span of the, superstructuré.
external cables are designed in the configuration of 18
¢ Ls 15.5 mm/1,800, the total of 2 x 4 = 8 cables, in outer
spans 2 x 3 = 6 cables. The cables are led through 2
HDPE tube of 125/4.8 mm diameter. The stressing of the
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postupne, po jednotlivych lanach. Doteraz vykonané
skudky napétosti kabla a zvoleny pracovny postup pred-
pinania v in situ preukézal spolahlivost postupného pred-
pinania jednotlivych lan v systéme kabla, kde ubytok
napatosti oproti klasickému® predpinaniu je max. 11 %.
Po predpnuti vSetkych lan sa volny priestor v rire HDPE
vyinjektuje cementovou injektaZnou maltou v 2 stupfioch.

Segmentové konStrukcie umoZfiuji jednoduché a
bezporuchové zriadenie prisluSenstva mosta. Horny po-
vrch segmentu je rovinny, vystrojeny Gchytnymi a kotev-
nymi pripravkami pre systémové kotvenie bezpeénostné-
ho zariadenia, odvodnenia, vedenia inZinierskych sieti.
Zriadenie izolaéného systému, vzhladom na rovinnost a
bezprienikovosf horného povrchu segmentu, je jednodu-
ché a bez narokov na realizaciu komplikovanych de-
tailov.

Segmentova konstrukcia svojim technologickym, sta-
vebnym, montaZnym postupom umoZfiuje ,vsunuf* do jej
zostavy aj monolitické Casti. Tento postup sa pozitivne
odsku3al pri zriadovani monolitického nadpodporového
prieénika estakadneho mosta V1 v Bratislave.

Tento princip umoZfiuje kombinovaf samostatné mo-
nolitické a montované kinematické celky, vytvaraf netra-
diéné mostné objekty. Prikladom tohto postupu je objekt
na dialnici D61 Horna Streda—Nové Mesto nad Vahom.

Most cez Biskupicky kanal a rieku Vah
Mostny objekt v celkovej dizke mosta 794,5 m (obr. 2)

tvoria tri samostatné dilataéné celky, kde dilataény celok

Obr. 2. Most cez Biskupicky kandl a Vih - segmentova
konstrukcia

Fig. 2. Longitudinal section and plan of the bridge
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strands is done gradually, one by one. The tests of cable
stress performed to date and the selected procedure of
pre-stressing in situ have confirmed the reliability of gra-
dual pre-stressing of individual strands in the cable sys-
tem, where the loss of stress compared with the ,classi-
cal® prestressing is max. 11 %. After all the cables have
been pre-stressed, free space in the HDPE tube will be
grouted with cement mortar injections in two stages.

The segment structures enable a simple and problem-
free mounting of bridge accessories. The upper planar
surface of the segment is fitted with gripping and ancho-
ring fixture for the systemic anchoring of safety equip-
ment, drainage, guiding of suppli network. The establish-
ment of an insulation system is simple, given the obsta-
cle free of the upper surface of the segment, and does
not require execution of complicated details.

The segment structure makes it possible, thanks to
the technological, building and assembling procedures
involved, to .insert“ also monolithic parts. This method
has been tested with positive results in the monolithic on
pier segment and cross beam in the bridge V1 in Bra-
tislava.

This principle makes it possible to combine indepen-
dent kinematic monolithic elements and assemblies, and
to create unconventional bridge structures. One exam-
ple of such method is the bridge of D61 motorway on the
Horn& Streda—-Nové Mesto nad Vahom.

Bridge over the Biskupice channel
and the Vah river

The bridge structure, with overall bridge length of
794.5 m (Fig. 2), consists of three independent dilata-
tion units; dilatation unit No. 1 crossing the Biskupice

' T
|
|

1

" WAL

1DILATACNY CELOK - LETMA BETONAZ - 2 ETAPOVA

Comi o ?L—J’ﬁ :? 600 q:) 0%

®
- : ® T ? e
<mm ' 180 0 2 217 D0 - 32 0m %—'J
£, TECHNOLOGA LETWA-BrTOW TECHMOLOGA LTk WONTAD T i
—

|

=T
E !

L L LT

2 DILATACNY CELOK - LETMA MONTAZ
; 3.3 E bl ) @ 015 g)
| | 1 :

Cromd sam : !

1
LI 1T

3 DILATACNY CELOK - LETMA MONTAZ

e LS

—Tett- —

L v va s /

A -
o S

IE.____I".___

—

InZinierske stavby, rof. 46, 1998, & 1-2



MOSTY, TUNELY =

Obr. 3

&. 1 premostujlci Biskupicky kanal je navrhn.utfr ako 3-
polovy spojity priamopasovy nosnik budovany technol6-
giou dvojetapovej letmej betonaZe. Dilataéné Pelky 0 2
a & 3, navrhnuté ako 6 a 7-polové spojité sustavy, su
realizované technolégiou letmej montaZe na vy3Sie opi-
sanych principoch. Nosna kon3trukcia sa sklada zo seg-
mentov typu DPS—FI, kde geometriu segmentu v pohla-
dovej ploche prebera aj monolitickad &asf mosta. :
Dal&i inovaény proces segmentovej technologie pri
komorovych prierezoch je v optimalizacii usporiadania
volnych kéblov, vo vedeni ich dréh, vedeni kablov cez
dve polia, upresneni polohy kotiev v miestaqh nadpqd-
perovych segmentov, postupe ich predpinania, ako i v
problematike uplatnenia prie¢neho predpatia segmentov
monostrandami.
Zigastnené organizacie:
— investor: Slovenska sprava ciest Bratislava,
— realizator: Doprastav, a. s. Bratislava,
— projektant: Geoconsult, s. r. o. Bratislava.

Obr. 4

channel is designed as a 3-span continuous girder, built
in situ using two-stage free cantilever method with the
constant height. Dilatation units No. 2 and No. 3 de-
signed as 6- and 7-span continuous systems are execu-
ted using the free cantilever method according to the
aforesaid principles. The superstructure consist of DPS-
FI type precats segments, where the geometry of the
segment in the end view is also reflected in the monoli-
thic part of the bridge.

Another innovative solution of segment technology in
the chamber cross section is represented by the optimi-
sation of the configuration of external cables, guiding of
their trajectory guiding of cables through two spans, pre-
cision of the location of anchors in the sites of on piers
segments, method of their pre-stressing and transverse
pre-stressing of segments with monostrands.

Participating organisations:

— investor: Slovenska sprava ciest, Bratislava,
— contractor: Doprastav, a. s. Bratislava,
— design: Geoconsult, s. r. o. Bratislava.

Pofadatel
e-mail: dorg@ova. pvinet.cz

Organizaéni garant

Prihlagovani

CESKA SPOLECNOST PRO BEZVYKOPOVE TECHNOLOGIE

4. KONFERENCE 0 BEZVYKOPOVYCH TECHNOLOGIICH

13. a 14. fijna 1988
LAZNE JESENIK

Konference bude zaméfena na navrhovani, realizaci a vyhodnocovani vystavby
a rekonstrukei inzenyrskych siti bezvykopovymi technologiemi.

Misto konéni konference: Kongresovy sél, Priessnitzovy lééebné 16znd, Jesenik, CR

DORG, sr.o. Ceské Ves, Ing. JiFi Jedlicka, tel.: 0645/411 203, 401 066,

Kongresové centrum Brno, a.s., Vlosta Valentovd, tel.: 05/411 58 657, fax: 05/334 277
e-mail: congressbrno@iraveller.cz

nejpozdéji do 30. kvétna 1998

Kongresové centrum Brne, a.s.
Valentova Viasta
Vystaviité 1, POB 22

647 00 Brno
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Rekonstrukcia cesty 1/18 Kosariska—-Dubna

skala - mostné objekty

Reconstruction of the road 1/18 Kosariska-Dubna skala
- bridge constructions

Edita BUCIOVA - Rébert TURANSKY - Daniela PURTZOVA — Karol LESAK

Cesta 1/18 je suCasfou medzinarodnej cestnej siete eu-
ropskeho fahu EB5. RekonStruovany (sek sa nachadza
v kafione Vahu cez chranend oblas! Malej Fatry — v
subehu rieky a Zeleznice. Intenzivna faZka doprava spé-
sobila naklafianie uZ vojnou poskodenych opornych
marov. Vytvorili sa pozdlZne trhliny na ceste, & spolu s
nepriaznivymi smerovymi pomermi ohrozovalo zjazdnost
celého useku.

Stavbu investorsky zabezpeéil CIU Banska Bystrica.
Kompletnu projektovi dokumentéciu vypracoval Dopra-
voprojekt, a. s. Bratislava. Realizaciu zabezpeéil Dopra-
stav, a. s. Bratislava, OZ Zilina na zaklade medzinarod-
nej sufaZe na realizaciu stavby.

Stavba bola Eiastoéne financovana z pbZitky EBOR
v Londyne a realizovala sa v obdobi r. 1994 aZ 1996 za
27 mesiacov.

Rekonstruovany usek v diZke 2 046 m, s dvoma
mostami, zarubnymi a opornymi mirmi, poloestakadou a
preloZzkami réznych vedeni, sa realizoval vo velmi sties-
nenych podmienkach bez vyli&enia verejnej dopravy a v
ochrannom pasme Zeleznice.

Z objektov stavby boli najzloZitejsie — most nad Ze-
leznicou a poloestakada.

Most nad Zeleznicou

Poloha mosta nad dvojkofajnou Zelezninou trafou Zili-
na-KoSice bola situovana tak, aby nebol zasiahnuty

portdl tunela. Dizka mosta je 102,6 m s rozpatiami 30— °

40-30 m, uhol kriZenia so Zeleznicou je 46,399 (obr. 1).
Most je monoliticky, predpéty, zaloZeny plo&ne (krajné
opory) aj hibinne (podpery). Vibrobaranené piléty ¢ 1,23
m majd diZku 9 a2 11 m. Medzilahlé podpery s stenové,
Zelezobeténové. Krajné gravita&né opory su zaloZené na
nasype. PoZas vystavby bola nosna konstrukcia uloZené
na lisoch s moZnostou dodatognej eliminacie pripadného
sadnutia.

Prie€ny rez mosta je jednokomérkovy Sirky 128 m s
obojstrannymi konzolami premennej dlzky. Prie&ny skion
mosta je po dizke nivelety premenny — vyriedil sa v nosnej
konStrukcii mosta — bez vyrovnavacieho beténu (obr. 2).

Most sa vybudoval na podpornom ledeni z prvkov
PEINER a PIZMO kolmym premostenim obidvoch kolaji.

Mgnoliticky most z B 40 je dodato&ne predpaty 12-
lanovymi kablami ¢ Lp 15,5/1 800 MPa predpinacou silou
wﬂ ocelové, bezSvové ¢ 80 x 2.

::9- Edita Buciovda ~ Dopravoprojekt, a. s. Bratislava: Ing.
Obert Turansky; Ing. Daniela Purtzova: Ing. Karol Lesak —

Doprastav, a_ s Bratislava, OZ Zilina.
T

Road 1/18 is a part of europian international traffic net-
work E85. Reconstructed section is situated in protected
territory Mala Fatra in the contact of river Vah canyon
and railway. Heavy traffic caused inclination of retaining
walls, which were deteriorated already during the war.
There were created longitudinal cracks on the road, what
together with unfavorable direction situation endangered
practicability of the whole section.

Investor of the construction was CIU Banska Bystri-
ca, complete design documentation ensured Dopra-
voprojekt Bratislava a. s. Realisation was ensured on the
base of international competition by Doprastav a. s. en-
terprise Zilina.

Bridge construction was partly financed from the loan
EBOR in London. Construction was realized in 27
months, in the years 1994-1996.

Reconstructed section in the length of 2,046 m with
two bridges, retaining walls, half approach bridge and
relaying of various lines was realised in very tight condi-
tions without excluding public traffic, in protective zone
of railways.

The most complicated constructions were — bridge
over railway and half approach bridge.

Bridge over railway

Location of the bridge over double-track railway Zilina—
Kosice was so situated, that the tunnel face should not
be interfered.

Length of the bridge is 102.6 m with spans 30—40-30
m crossing angle with railway is 46.39¢ (Fig. 1). It is a
monolithic prestressed bridge, the end supports (abut-

Obr. 1
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Betonarska vystuz 10 425 (V) je doplnena siefovinou
KARI.

Vystavba mosta zagala v marci 1995 a v novembri
1995 bol cely objekt vratane prisluSenstva a vozovky
hotovy. Hned po ukon&eni prac sa na most presmerova-
la doprava, aby sa mohli ukoné&if prace na prifahlom
cestnom telese.

Poloestakada

V tesnom slbehu cesty so Zeleznicou, kde nemohol byt
umiestneny opormny mur, bol navrhnuty 18-polovy polo-
estakadny most diZzky 254,7 m (obr. 3). Pévodne navrh-
nuté plodné zakladanie mosta pod ochranou mikropil6to-
vych stien budovanych z vozovky sa kvdli zmene hibky
zakladania a premavke muselo zmenif. Spodna stavba
sa zaloZila na korefiovych mikropilétach z GEWI ty&i s
antikoréznou ochranou. Celkove sa zabudovalo 1 040 m
tychto mikropilét.

Nosnu konStrukciu tvoria opakované prosté polia z
dodatoéne predpétych prefabrikatov KA90 dlzky 14 m.
Krajny Zelezobeténovy nosnik piného prierezu je na sty-
ku s komunikaciou rieSeny ako zéverny murik s precho-
dovou doskou. Konstrukcia prieéneho rezu mé spriaho-
vaciu 0,2 m Zelezobeténovu dosku (obr. 4).

Vystavba objektu zagala v marci 1995 a v novembri
toho roku bol most spojazdneny. Prace boli pri stiéasnej
premavke mimoriadne narocné.

Obr. 3

ments) are square founded, intermediate supports have
deep foundations. Piles ¢ 1.23 m with lengths 9 till 11 m
were drived in by vibro pile driver. Intermediate supports
are reinforced concrete walls. End gravitational supports
(abutments) are founded on embankment. Bearing struc-
ture was during construction placed on jacks, with pos-
sibility additionally eliminate posible subsidence.

One chamber cross section of the bridge is 12.8 m
wide with double sided cantilevers with variable length.
Cross inclination of the bridge is over the length of for-
mation line variable — and was solved in bearing struc-
ture of the bridge — without equalising concrete (Fig. 2).

The bridge was build up on supporting scaffolding
from elements PEINER and PIZMO by perpendicular
bridging both rails.

Monolithic bridge made from concrete B 40 is post-
tensioned with 12-strand tendons ¢ Lp 15.5/1,800 MPa
with prestressing force 2.36 MN. Steel seamless cable
conduits are of diameter ¢ 80 x 2. Reinforcing steel
10 425 (V) is replenished with netting KARI.

Building up the bridge started in march 1995 and in
november 1995 was the whole construction including
accesories and roadway, ready. Immediatly after finish-
ing the bridge the traffic was redirected over the bridge
for enabling to finish works at adjacent road bed.

138 2 550 l
1

Obr. 4
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Obr. 5

Ugastnici vystavby:
- investor: Cestny investorsky Gtvar Bansk4 Bystrica,
- projektant: Dopravoprojekt, a. s. Bratislava,
- zhotovitel: Doprastav, a. s. Bratislava, OZ Zilina.

LITERATURA

[1] Baciova, E.—Ho3ek, S.—Bekeé, J.—Lesék, K.-Turansky, R.:
RekonStrukcia cesty 1/18 KoZariskd-Dubné skala. InZinier-
ske stavby, 43, 1985, & 9-10, s. 326-330.
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Half approach bridge

In tight contact of the roadway and railway, where there
was not possible to place retaining wall, it was designed
a half approach bridge of length 254.7 m with 18 fields
(Fig. 3). Originally designed square foundation of the
bridge under the protection of micropile walls build up
from roadway, had to be modified because of foundation
depth changes and existing traffic. Subgrade foundation
was build on root micropiles from GEW|, bars (rods) with
anticorrosive protection. Total there were build in 1,040
m of this micropiles.

Bearing construction create repeated simple fields
from posttensioned prestressed precast units KA 90
with length of 14 m. End reinforced concrete beam with
full cross section is in the contact with road solved as
closing wall with transition slab. Construction of cross
section has 0.2 composite reinforced concrete slab
(Fig. 4).

Construction of the bridge started in march 1995 and
in november of the same year the bridge was function-
ing. The works during running traffic were extremely
demanding.

Construction participants:

— investor: Cestny investorsky (tvar Banské Bystrica,
— designer: Dopravoprojekt, a. s. Bratislava,
- producer: Doprastav, a. s. Bratislava, OZ Zilina.
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Most D 211-00 na dialnici D1 Hybe-Vazec cez

Beliansky potok

Bridge D 211-00 on the motorway D1 Hybe-VaZec across
Beliansky potok

FrantiSek VYLETELKA - Elena PRISTACOVA - Miroslav MATASCIiK

Na vystavbe dialnice D1 Hybe—VaZec je v km 7,47100
navrhnuty predpaty most D 211-00, jednokomorového
prierezu, premosfujuci udolie Belianskeho potoka.
Zakladné udaje mosta D 211-00:
— celkova di?ka mosta: 342 m,
— pocet poli: 9 (30,23 + 7 x 40 + 30,23 m),
— max. vySka piliera: 16,5 m. ‘
Parametre mosta zohladfiuju tvar premosfovanej pre-
kazky a su prispbsobené technolégii pouZitej pri vystav-
be nosnej konstrukcie (obr. 1).
Nosna konstrukcia bola budovand z dodatoéne pred-
patého beténu na vysuvnej skruZi. )
Tvar podpier aj nosnej kon3trukcie bol prispésobeny
tejto technoldgii.
Predpinacie kable su tvorené 13 lanami. 60 % kablov
je stykovanych spojkami v pracovnej 8kare, 40 % kéblov

On the motorway construction D1 Hybe—-VaZec is on the
kilometer 7.47100 proposed the prestressed bridge D
211-00, with the one-chamber cross section bridging the
valley of Beliansky potok.

Basic data of the bridge D 211-00:

- total length of the bridge: 342 m,
- number of fields: 9 (30.23 + 7 x 40 + 30.23 m),
— maximum height of the pillar: 16.5 m.

Parameters of the bridge take into account the shape
of the bridged barrier and are adapted to the technology
used at building up bearing construction (Fig. 7).

Bearing construction is made from posttensioned pre-
stressed concrete using sliding centering.

Shape of supports and bearing construction was
adapted to this technology.

Prestressing tendons have 13 strands. 60 % of ten-
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Ing. FrantiSek Vyletelka; Ing. Elena Pristatova — Hydrostav,
a. s. Bratislava, OZ $ala; Ing. Miroslav Mafa&k — Dopravo-

projekt, a. s. Bratislava.

Obr. 1. Pozdliny rez a pédorys mosta
Fig. 1. Longitudinal section and plan of the bridge
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Obr. 2. Prieény rez
Fig. 2. Cross section

prechadza cez pracovnu 3karu bez spojkovania a su
ukotvené v prie&nikoch.

Existujice geologické pomery (podmaiané raZelino-
vé podioZie do hibky 3 m) uréili spdsob zaloZenia objektu
- plodné zaklady na velkopriemerovych Zelezobeténo-
vych pilétach priemeru 1 240 mm a vyligili moZnost rea-
lizécie vodorovnej nosnej kon&trukcie mosta na pevnej
skruzi. V $tadiu pripravy vystavby bola preto navrhnuté
a vyrobena podperna posuvnéa skruz U-40, ktora okrem
zékladnych podpier, umiestnenych na zékladnych pat-
kach piliera, nevyZaduje dalgie medzipodpery.

Posuvni skruZ tvoria dva priehradové priestorové
nosniky (obr. 3) obdlZnikového prierezu, rozmerov 2.5 x
x 3,5 m, dizky 77,7 m, ktoré st od seba osovo vzdialens
8 m.

Na hlavnych nosnikoch st na nosnych kladkéch ulo-
Zené posuvné plosiny pre uloZenie samotného debnenia
mosta. Spojenie hlavnych nosnikov je vytvorené vysuv-
nymi plo&inami pri hornom pase a prieénymi stuZidlami
pri dolnom péase. Zvislg podpernd konStrukciu tvori sys-
tém PIZMO s upravenymi atypickymi stuZidlami.

BetonaZ mostného pola sa realizovala v jednej eta-
Pe, €o znamend, Ze celé pole mosta v dizke 40 m sa
beténovalo v jednom zabere. BetonaZ postupuje od vy-
sunutej konzoly debnenia, smerom k uZ hotovému polu
mosta. Na zabezpeZenie spracovatelnosti beténovej
Zmesi pofas celej betonaZe bola navrhnuta receptira
beténovej zmesi B 35, s prisadami na spomalenie tuhnu-
tia na 5 hodin.

Technologicky takt jedného 40 m pofa bol 21 a? 24
dni. Ku koneu roka 1997 bolo hotovych 8 poli mosta, k
terminu april 1998 je nosna konstrukcia jedného mosta
dokongend. Pouzitie vysuvnej skruZe sa ukazalo ako
velmi efektivne, vzhladom na dosiahnuté maximéine tem-
PO vystavby niekolkych poli 18 a2 21 dnf na pole.

Uastnici vystavby:
~ Obstarévatel: Slovenské spréava ciest Bratislava,
= Projektant; Dopravoprojekt, a. s. Bratislava,
Mydrostav. a. s. Bratislava, OZ Sala.

Obr. 3. Pohlad na posuvni skru U-dObnen ISD NOE

Fig. 3. View on the movable centering U-40 with the form-
work ISD NOE

dons are jointed by couplings in construction joints,
40 % of tendons go through construction joints without
jointing and are anchored in cross beam.

Existing geological relations (dipped peat ballast into
depth of 3 meters) assigned the way of the object foun-
dation — area foundations on the big diameter reinforced
concrete piles of the diameter 1,240 mm.

The inproper geological terms eliminated the possi-
bility of the realization of the horizontal load-carying
bridge construction on the fixed centering. On the con-
struction preparation stage was therefore proposed and
processed the supporting movable centering U-40, which
besides the basic supports placed on the basic foots of
the pillar, doesn't request any others intermediate sup-
ports.

Movable centering is created of lattice girder with
rectangle cross section 2.5 x 3.5 m, of the length 77.7 m,
which are axial distant one from another 8 m.

On the main beams are on the load-carying pulleys
placed movable platforms for the placing of the single
bridge formwork. The connection of the main beams is
created with the pushing out platforms by the upper band
and with the lateral reamers by the lower band. The
system PIZMO create the vertical supporting construc-
tion, with the modified atypical reamers.

The pouring of concrete of the bridge field is realized
on one stage, which means, that the whole bridge dia-
meter of the length 40 m is concreted at once. The
pouring of concrete goes forward from the pushed out
formwork console, in the direction to the completed
bridge field. For the workability arrangement of the con-
crete mixture during the whole casting were proposed the
composition of the concrete mixture B 35, with ingredi-
ents for the set deceleration for 5 hours.

The technological tact of one field of the length 40 m
was 21-24 days. Till the end of the year 1997 were
completed 8 fields of the bridge and to the date 04/98 is
the load-carying construction of one bridge ready.

Using of sliding centering has shown to be very ef-
fective as to the maximal speed of building up the bridge
- 18 to 21 days a field.

Participants:

— client: Slovenskd spréva ciest Bratislava,
- designer/consultant: Dopravoprojekt, a. s. Bratisiava,
— contractor: Hydrostav, a. s. Bratislava, OZ Sala.
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Obj. 207-00 zakladanie mosta na mikropilotach

3 kotvenie stavebnych jam

207-00 Bridge foundation on micropiles and anchorage
of slopes of excavation pits

Jozef SIKORA - Martin PANEK - Roébert TURANSKY - Tomas KOMZiK

Mostny objekt 207-00 na tejto stavbe je situovany v
zosuvnom Gzemi. Tento objekt je najvacsim mostnym
objektom stavby ,Cesta I/11 Cadca—O8&adnica®. Kon-
Struk&ne ide o prefabrikovany 7-polovy most so spriahu-
jucou doskou. Celkova diZka mosta je 210 m. Nosna
kon&trukcia mosta je z nosnikov 1-90 vy3ky 1,4 m a dlzky
30 m. Spriahujuca doska je premennej hribky od 19,4
cm do 27 cm z beténu C 25/30 (B 33). Sirka spriahujicej
dosky 12,83 m. Sirkové usporiadanie mosta vyhladovo
vyhovuje dialniénym parametrom a v budulcnosti sa uva-
Fuje, Ze bude sluZif pre jeden smer dialnice. Pri vystav-
be cesty I/11 bolo potrebné, vzhladom na svahovité
(izemie predisponované zosuvnymi procesmi, zabezpe-
&if stabilizaciu vykopov stavebnych jam na zakladanie
mostnych pilierov a zarove vlastné piliere zakladat hib-
kovo pod $mykovu plochu. Pévodny néavrh zakladania
mostnych pilierov sa rieSil zaloZenim pilierov na Siroko-
profilové piléty ¢ 1 260 mm. Vzhladom na vyskyt fazko
vitatelnych poldh zdravych pieskovcov v zosuvnom de-
laviu, pristupilo sa na alternativne rieSenie zakladania na
injektované mikropiloty, ktoré projektovo aj realizaéne
rieSila firma GEOstatik, s. r. 0. Zilina.

Trasa v tomto Useku prechadza zloZitym geologickym
prostredim v svahovitom teréne. Uzemie je budované
flySoidnymi horninami paleogénu, a to flovcami a pies-
kovcami. Pokryv svahu tvori deluvialny zosuvny komplex
reprezentovany hlinitokamenitymi sufami. Mocnosf zo-
suvnych delivii dosahuje 6 az 7 m. Clenitost svahu je
podmienené geologicko-tektonickou stavbou, geomorfo-
logickym vyvojom a rozvojom geodynamickych javov —
svahovych deformacii. Prave v tejto Zasti uzemia vedie
trasa cesty mostnym objektom, ktorého zakladanie si
vyZiadalo aj netradiény spdsob zabezpeCovania svahu
kotvenim v zosuve.

Mostné piliere su priamo situované v zosuvoch. Vy-
kopom stavebnych jam pre zaklady mostnych pilierov by
doslo k podrezaniu svahov, a tym k reaktivizacii poten-
cionalnych zosuvov s nasunutim zeminy na stavenisko a
existujicu komunikaciu, ako aj k oslabeniu pokryvnych
materidlov vo vy3Sich Eastiach svahov.

Pazenie stavebnych jam kotvenim
a klincovanim

Svahy vykopov stavebnych jam pre zaloZenie mostnych
pilierov v zosuvnom Gzemi bolo treba navrhnuf tak, aby

Ing. Jozef Sikora; Ing. Martin Panek — GEOstatik, s. r. 0. Zilina,
Ing. Rébert Turansky, Ing. Toma$ KomiZik — Doprastav, a. s.
Bratislava, OZ Zilina.

The bridge 207-00 is situated in sliding ground. This
bridge is the biggest bridge of the project ,The road /11
(Gadca-O&&adnica“. Total length of the bridge is 210 m.
There is the bridge of seven fields. Cross section of
bridge is designed as a composite structure. It is created
by 9 precast girders of prestressed concrete with depth
1400 mm and with length 30 meters and composite
slab with a thickness from 19.4 cm to 27 cm of concrete
C 25/30 (B 33). The width of composite slab is 12.83 cm.
The cross section of the bridge suits to the parameters
of the highway and it will be one side of the highway in
the future. Because the area of the construction of the
road 1/11 is predisposed by sliding processes it was ne-
cessary to support excavation pits for foundation of the
piers and at the same time the piers to found under
sliding surface.

Foundation of the piers was originally designed by the
large diameter piles ¢ 1,260 mm. Because of ocurrence
of hard bored sandstones in sliding deluvium the foun-
dation was created by grouted micropiles. Design and
:_Zealization of micropiles was done by GEOstatik Co.Ltd

ilina.

The route in this area is in difficult geological struc-
ture in the terrain of slopes. Slope dissection was crea-
ted by geological-tectonic structure geomorfological sur-
roundings and expansion of geodynamical phenome-
nons-slopes deformation. The foundation in this area was
solved by untraditional way of supporting of slope — by
anchorage in drift.

Area consists of flysch ground — sandstones and clay-
stones. Cover of slope consists of deluvial sliding com-
plex — loam stone debris. The depth of sliding slopes is
6-7 meters. The slopes would be cut by excavation of
foundation of bridge piers and it would cause reactiva-
tion of potential drifts.

Bracing of foundation pit by anchoring
and nailing

It was necessary to design slopes of foundation pits for
piers and abutment to protect stability of sliding area as
a whole as well as stability of slopes over the road.

Being possible to excavate the foundation of the pier
to the level of the piling is necessary to support the
slopes of the foundation pit against sliding (Fig. 1)-

In order not to break the stability of the area and not
to activate earth pressure on the pier No. 4 is designed
everlasting stabilisation of the slopes of foundation pit. It
was used the technology of the anchoring of the siopé

I
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Obr. 1. ZaloZenie piliera na mikropilétach a kotvenie svahov

B Ve o8 /

Fig. 1. Foundation of pier on micropiles and anchoring of slope

sa zabezpecila stabilita zosuvného Uzemia ako celku,
ako aj stabilita samotnych svahov nad cestou.

Aby bolo moZné vykopal zéklad piliera po Uroven
pilotovania, je potrebné zaistif svahy zakladovej jamy
proti zosunutiu (obr. 1) tak, aby sa nenarusila stabilita
uzemia ako celku a v budlcnosti sa neaktivizovali zem-
né tlaky na pilier & 4. Preto je navrhnuta stabilizacia
svahov stavebnej jamy v trvalej uprave. PouZila sa tech-
nolégia kotvenia svahu po jednotlivych etdZach cez ho-
rizontdlne kotevné tramy so zaistenim vykopov svahu
klincovanim (obr. 2).

Na zabezpeéenie stability svahu stavebnej jamy, ako
aj zosuvu nad stavebnou jamou, bolo navrhnuté kotve-
nl_a svahu horninovymi kotvami 6 ¢ Lp 15,5 mm v dvoch
vySkovych Urovniach v trvalej antikordznej Uprave pre-
mennej diZky 16 m. Kotvy st opreté o kotevné monolitic-
k? tramy. Cez vynechané prestupy v kotevnych tramoch
S0 kotvy napnuté na poZadovanu silu F, = 800 kN.
Korene kotiev dizky 8 m si umiestnené pod ¥mykovou
plochou zosuvu v paleogénnom podio?i.

Dotasné zabezped&enie stability svahu pred kotvenim
bglo navrhnuté a U(spedne zrealizované spdsobom
klincovanej zeminy s krycou striekanou beténovou vrst-
vou. Takto je zabezpe&ena stabilita svahu po&as celej
vystavby.

Jednotlivé klince sa po nastriekani beténu vftaju na
dlikuls m. Do predvitaného otvoru ¢ 76 mm, ktory sa
vypinil cementovou injek&nou zmesou, sa zasunul klinec
oV 25 mm. Jednotlivé klince su ukon&ené hlavou
S0 zévitom, na ktori sa naskrutkuje roznasacia doska
200 x 200 x 10 mm s maticou a podioZkou. Aby bolo za-
bezpedens krytie klinca, boli na klince osadené centra-
tory na troch miestach po dizke klinca.

Po z_atuhnuti injek&nej zmesi sa dotiahla matica mo-
gt‘ﬂnkloyym kfﬁts.om. aby sa zamedzilo deformaciam kon-
- fukcie. Pri klincovani svahu sa postupovalo od vrchu
Mmerom nadol po jednotlivych pracovnych Grovniach.

one floor by another using horizontal anchoring beam
with supporting of slopes by nailing.

It was designed anchoring of the slope by earth an-
chors 6 ¢ Lp 15.5 mm in two high levels (to protect of
stability of the slope and sliding over building pit). 16
meters long anticorrosive anchors are leaned on anchor
cast in—situ concrete beam. The anchors are prestressed
to required force F = 800 kN. The roots of anchors are
8 meters long and they are situated under sliding sur-
face of subgrade.

Temporary protection of the stability of the slope
before anchorage was designed and constructed by shot-
crete, reinforcement nailed to the slope. The nails of the
length of 5 meters were bored to the slope after shot-
creting. The nail ¢ V 25 mm was inserted to the hole ¢
76 mm which was filled by cement mortar. The nails are
completed by the head with screw. It is screwed the deck
200 x 200 x 10 mm with nut and base on this head.

Obr. 2. Prikotvenie svahu cez kotevné tramy
Fig. 2. Anchoring of slope through anchoring beams
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Obr. 3. Vitanie mikropilét
Fig. 3. Boring of micropiles

Vy3kova vzdialenosf medzi klincami je 1,5 m.

Ako vystuZ striekaného beténu bola pouZita KARI sief
150 x 150 x 6 mm. Striekany betén B 20 sa aplikoval s
pouZitim primesi na urychlenie tuhnutia beténu a znize-
nie zmrasfovania vytuhnutého beténu.

PouZitou technolégiou klincovanej zeminy a kotev-
nych tramov bol zabezpe&eny vykop stavebnej jamy v
zosuvnom tzemi do hibky 10 m.

Zakladanie mostnych pilierov na
mikropiloty

Zakladanie pilierov mosta sa riesilo hibkovo pomocou
injektovanych mikropilét (obr. 3) v kombindcii s hornino-
vymi kotvami, ktoré sliZia na zachytenie vodorovnych sl
od aktivnych zosuvov, v ktorych sl mostné piliere zalo-
Zené.

Pri zakladani piliera & 4 boli pouZité mikropiléty s
dvojitou protikoréznou ochranou a s dovolenym namé-
hanim F,,, = 500 kN. Mikropiléty sd dlZky 10 m, s votknu-
tim pod $mykovu plochu zosuvu. InjektaZ mikropilét sa
realizovala cez manzety v osovej vzdialenosti 0,5 m po
celej dlzke mikropiléty tak, aby sa zamedzilo U&inkom
vzperu a zaistilo sa zaroveri spolupésobenie mikropilét s
okolitou zeminou (obr. 4). Mikropiléty maju injek&ént rur-
ku, aby bola moZna pripadna opakované injektaz ich ko-
refiovej asti na dosiahnutie poZadovanej unosnosti. Na
zéklade vysledkov preukaznej zataZovacej skisky sa
potvrdila poZadovana Unosnosf.

Zachytenie horizontélnych sil zosuvu je zabezpeZené
horninovymi lanovymi kotvami cez zakladovy blok most-
ného piliera dizky 20 m a s korefiovou &asfou dizky 8 m.
Kotvy st 6 ¢ Lp 15,5 m s trvalou antikoréznou ochranou
pri dovolenom naméhani F_ = 800 kN.

Obr. 4. Zakladanie mostnych pilierov na mikropiléty
Fig. 4. Foundation of bridge piers on micropiles

The nut was driven by moment's key after strength-
ening of injection mixture to prevent deformation of the
construction. The nailing of the slope was done from the
top to the bottom on each working level. Level distance
is 1.5 m.

KARI net 150 x 150 x 6 mm has been used as a re-
inforcement of shotcret. Shotcret B 20 has been used
with addition for acceleration of the concrete hardening
and lowering of the concrete creep.

By using the technology of the nailed earth and an-
chors beams was suported the excavation pit in sliding
area to the 10 meters depth.

Foundation of bridge piers on micropiles

Foundation of bridge piers was designed by using grou-
ted micropiles combined with earth anchors, which catch
horizontal force from active slides, where are bridge piers
founded (Fig. 3).

There were used double anticorrosive protection mi-
cropiles with allowed stress allowance of 500 kN for foun-
dation of pier No.4. The length of micropiles is 10 meters
with sticking under sliding surface. Injection of micropiles
was done through collars in the distance of 0.5 m in
whole length of micropiles to inhibit effect of buckle
and to ensure co-operation of micropiles with the ground
(Fig. 4). There are injection tube in micropiles to ensure
repeating injection of micropile's root to reach required
capacity.

Interception of horizontal forces of the slide was de-
signed by earth rope anchors through the basements of
the pier. The length of anchors is 20 meters an the root
is 8 meters long. Anchors are 6 ¢ Lp 15.5 m, with anti-
corrosive protection about allowed stress F = 800 kN.
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KonStrukcie cestnych tunelov na dialnicnej

sieti na Slovensku

Construction of road tunnels on the motorway network
in Slovakia

Stefan CHOMA - Koloman V. RATKOVSKY

Navrhované koridory trasy dialnice su situované do (ize-
mia so zloZitou topografiou Zapadnych Karpéat, kde sa
striedaju Udolné nivy, hlboké Gdolia a horské masivy.
Vedenie dialnice je tu spojené s velkymi inZinierskymi
dielami — umelymi objektami, ako su mosty, estakady a
tunely.

Najma tunely s zo v3etkych druhov inZinierskej &in-
nosti najviac spéaté s horninovym prostredim, v ktorom
sa stavebné dielo realizuje. Tunelova stavba velmi citli-
vo reaguje na vietky zmeny horninového prostredia, na
pritomnost réznych porich a anomalii, vyskytujlcich sa
v trase realizovaného podzemného diela. Tuto skutog&-
nost treba redpektoval najma v zloZitych geologickych
podmienkach.

Tunelové stavby na cestnych fahoch velmi zhospo-
dérfiuju dopravné podmienky tym, Ze skracuju diZku tra-
sy, zniZuju spotrebu pohonnych latok, st navrhované vo
velmi priaznivych vySkovych a smerovych pomeroch,
minimalizuju emisie Skodlivin z vyfukovych plynov, zdber
pody a lesného fondu je zanedbatelny atd. Mnohé z tych-
to vymenovanych faktorov maji vplyv aj na podmienky
zlepSenia Zivotného prostredia.

Dialniéna siet s tunelovymi objektami

Dialniéna siet, na ktorej s navrhnuté tunelové objekty,
sa dotyka najma dialni&nych fahov D1, D2 a D18. Tunely
maji premennt di#ku od 300 do 7 400 m. Prehlad na-
vrhnutych tunelovych objektov je na obr. 1.

_ v §0éasnosti je rozpracovanych 100 km dialnic, vo
V{acerych usekoch. V roku 1998 bude dobudovany dial-
niény tah D61 a &asf dialnice D1 po Ladce a do prevadz-
ky bude uvedeny usek dialnice D2 Bratislava—&tatna
hranica Rakiiska a Madarska.

Vyhladové &asové horizonty su:
= ukongenie sdvislého (seku dialnice a s danim do
ptevédzky sa uvaZuje od hranic s Madarskom a Ra-

kl':skom po hranice s Polskom do r. 2000,
= Suvisly Usek dialnice aZ po hranicu s Ukrajinou v r.

2005, &im by projekt vystavby dialnic na Slovensku bol

V prvej faze ukon&eny a Slovensko bude tak priprave-

né na napojenie sa na europsky tranzitny systém.

Toho &asu sa razi tunel Branisko v diZke 4 800 m v
pinom profile, dalej prieskumna &tdlfa tunela Ovéiarsko
a robia sa geologické vitacie prieskumné prace pre tunel
Vi§fiové—Martin a tunel Sitina. Ostatné tunely st v rdz-
nom stupni rozpracovanosti.

ISnlg' Stefan Choma; Doc. Ing. Koloman V. Ratkovsky, CSc. —
ovenska sprava ciest Bratislava.

The proposed motorway routes are situated in areas with
a very complex topography of the Western Carpathian
Mountain Range, where deep valleys alternate with moun-
tain ranges. These motorways include many engineering
structures — artificial objects such as bridge and tunnels.

Tunnels are tightly connected with the rock environ-
ment in which construction takes place. Tunnels are very
sensitive to all changes in the rock environment, the
presence of various faults and anomalies exist along the
route of construction. This fact has to be respected,
especially in complex geological conditions.

Tunnel structures make transport conditions on road
very efficient as they shorten the route, decrease fuel
consumption, minimise emission of harmful exhausts,
enable the designer to select a very efficient vertical and
horizontal alignment, and minimise the need for land and
forest acquisition. Many of the above mentioned issues
are of great influence on the improvement of the envi-
ronment.

Tunnel structures on the motorway
network

Most of the tunnel structures are located on the D1, D2
and D18 motorway routes. The length of the tunnels
varies from 300 m to 7,500 m. All proposed tunnels on
the motorway network including their length are shown
on the map of the Slovak Republic (Fig. 1).

At present approx. 100 km of motorways are under
construction. By the end of 1998 the D61 route and part
of the D1 route up to Ladce will be completed as well as
the D2 motorway section in Bratislava, Viedenska road -
the state border of SR/H and SR/A.

The following time schedule has been set:

-~ to complete and put into operation the continuous
motorway section from the borders with Austria and
Hungary to the border with Poland by the year 2000;

- to complete und put into operation the continuous mo-
torway section up to the border with the Ukraine by the
year 2005, which would accomplish the first phase of
the motorway construction programme in Slovakia, and
thus connect Slovakia to the European motorway
network.

At present the Branisko Tunnel (in the length of 4,800
m) as well as the pilot adit of the Ové&iarsko Tunnel are
under construction and various geological survey work
for the Visflové-Martin and the Sitina Tunnels is being
performed. Other tunnels are in various stages of pre-
paration.
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Navrh technolégie razenia

Na rozdiel od va&Siny stavebno-technickych povrchovych
objektov, projektanti tunelov sa musia zaoberaf aj uva-
hami o volbe raziacich metéd a ich kompatibilnosti s
podzemnym prostredim razenia a v mestskych oblastiach
este i s prihliadnutim na 3pecifické otazky vplyvu Sirenia
vibraénych G&inkov a hluku poéas vystavby tunela a
naslednej dopravnej prevadzky.

Volba technolégie razenia tunela musi preto zodpo-
vedaf danym poZiadavkam prostredia a zavisi predoviet-
kym od geologickych podmienok. Slovensko je st&asfou
velmi zloZitého alpsko-karpatského horotvorného pasma
s premenlivou geologickou stavbou. Tunelové stavby,
ktoré budl prechadzaf tymto prostredim, velmi citlivo
reaguju na vietky zmeny horninového prostredia, na
pritomnost porich a anomalii, vyskytujicich sa v trase
realizovaného podzemného diela.

Pri vystavbe tunelov v geologickych podmienkach
Slovenska predpokladame pouZitie dvoch progresivnych
technolégii razenia, a to:

— Novou rakiskou tunelovacou metédou (NRTM),
— pomocou tunelovacieho stroja, oznaéeného ako meté-
da TMB.

Obidve technolégie vychadzaji z aplikacie najnovsich
poznatkov mechaniky skalnych hornin a zemin a sprava-
nia sa horninového prostredia pri vytvarani tunelového
diela.

Zéakladné mySlienky NRTM sU vieobecne zname.
Hlavna vyhoda a prednosf tejto metddy je v jej univerzal-
nosti, prispdsobitelnosti danym horninovy podmienkam a
tvarovému usporiadaniu tunelového prierezu. Najéastej-
8im a najbeZnejSim spbsobom rozpojovania skalnych
hornin je vftacia a trhacia technika, pripadne pouzitie
raziacich strojov s vyloZnikovou frézou.

Pre jednoduchost a lahku pristupnost tejto technolé-
gie sa tato metdéda zatial pouZiva pri stavbe tunelov a
§tdIni najéastejSie.

Na tunely dihdie ako 2 km a pri vhodnych geologic-

Driving techniques

Beside other important tasks the designers of tunnels
have to decide upon an appropriate driving method. This
task is crucial especially in cities, where vibration and
noise during construction have to be minimised.

Therefore, the proposed driving method has to re-
spond to the demands of the environment and is mainly
dependent upon the geological conditions. As the Slo-
vak territory belongs to the complex Alpine—Carpathian
mountain range of a variable geological composition,
choosing the most appropriate driving technology is very
important.

The following two progressive driving techniques
have been proposed to be applied for the construction of
tunnels in the geological conditions of Slovakia:

— the New Austrian Tunnelling Method (NATM)
— TBM driving method — using a tunnelling machine.

Both techniques apply the latest knowledge from rock
and soil mechanics and behaviour of rock environment
influenced by construction of tunnels.

The basic ideas of the NATM are well known. The
main advantage of this method lies in its versatility and
its ability to adjust to both rock conditions and the layout
of the tunnel cross-section. Widely recognised ways of
rock disintegration in this method are the Drill and Blast
method and the application of Tunnel Sequential Ma-
chines (TSM) — machines with a beam cutter. Due to its
simplicity and availability, this method is mostly used for
tunnel and adit driving.

For tunnels longer than 2 km and in suitable geolog-
ical conditions, the use of the tunnel boring machine
(TBM) is highly recommended. The TBM is a tunnelling
machine which is able to cut the whole tunnel cross-
section simultaneously and all work behind the cutting
head is completely mechanised. The TBM creates a Cir-
cular tunnel cross-section. The use a TBM of a diameter
of approx. 12 m is planned for the construction of the
Visfiové tunnel.

The output of driving using the tunnelling machine is

I
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kych podmienkach sa uvaZuje razenie s pouZitim tunelo-
vacieho stroja TBM. Pod tymto pojmom rozumieme tune-
lovaci stroj, ktory jednym pracovnym (konom opraciiva
cely tunelovy profil naraz a vietky prace za rozpojova-
cou hlavou st komplexne mechanizované.

Tunelovaci stroj s frézovou hlavou, rotujicou okolo
pevnej osi, vytvara kruhovy prierez tunelového otvoru v
hornine. Jeho pouZitie sa uvaZuje pri stavbe tunela Vis-
fiové s priemerom tunelového stroja asi 12 m.

Vykony razenia tunelovacim strojom su 3 aZ 4-krat
vyssie ako pri pouZiti konvenénej metédy razenia. Nado-
bidacie naklady su vak vysoké, pri pouZiti ur&itej dlzky
tunela sa v3ak eliminujd, resp. su niZie ako pri metéde
NRTM.

Tunelové stavebné konstrukcie

Ostenia 3tdini a tunelov sa odliSuju kon&trukéne podia

metédy pouZitej pri razeni. V naSich podmienkach sa

stretdvame s dvoma odliSnymi spésobmi, a to:

— ostenia 3t6Ini a tunelov pouZivané pri razeni metédou
NRTM

— ostenia StIni a tunelov pouZivané pri razeni tunelova-
cim strojom (TBM).

Ako najdblezitejsi faktor, ktory ma vplyv na konstruké-
né usporiadanie ostenia, je pouZita technolégia vystavby
a inZiniersko-geologické podmienky v trase tunelového
diela. UvaZujeme s razenim len v skalnych horninach.

Pri razeni s nasadenim vftacej a trhacej techniky,
resp. raziacich strojov s vyloZnikovou frézou metédou
NRTM sa pouZiva obvykle dvojvrstvové ostenie pre tu-
nelové profily. Prvotné (primarne) ostenie je zo strieka-
ného beténu s dofasnym zabezpedenim lica skalného
vyrubu zodpovedajlceho poruSenosti a stlagitelnosti hor-
niny (kotvy, ocelové skruZe v kombinacii s ocelovou sie-
fovinou umiestnenou v striekanom beténe). Druhotné
(sekundarne) ostenie je z monolitického beténu uklada-
né do pojazdného ocelového debnenia. Viastna ochran-
na izolaéna vrstva z f6lif sa uklada pred betonaZou na
vrstvu zo striekaného beténu.

Charakteristicky priklad tunelového ostenia tunela
Branisko a jeho detailné kon&truk&né usporiadanie je na
obr. 1 v prispevku na s. 57.

Tunelové riry nad 2 000 m sa navrhujl s prieskum-
nou $tdlfiou, umiestnenou v druhej tunelovej rire, ktorej
piny profil sa bude razit a? po vybudovani celého dialnié-
ného fahu. Kon&trukcia ostenia je v danom pripade jed-
noducha, je beZne jednovrstvova s provizérnym zabez-
peenim vyrubu z kotiev (najvhodnejsia z plastickych
kotiev), ocelovych skruZi, siefoviny a striekaného beténu
hl‘l_ibky 50 aZ 150 mm pri razeni konvenénym spdsobom.
Pri pouZiti raziaceho tunelovacieho stroja — mechanizo-

Obr, 2, Navrhy prieénych rezov cestnych tunelov razenych
8 TBM (dvojvrstvové ostenle)

a = tunel s pozdiznym vetranim: 1 - gabarit, 2 - vozovka a
le} kondtrukcia, 3 - kolektor, 4 - prudovy ventilator, 5 -
skladba ostenia (vypli medzery medzi ostenim a licom
Vyrubu, tubingy, medziizoldcia, monoliticky betén); b -
tunel s prieénym vetranim: 1 - priméarne tubingové ostenie,
2 - sekundérne monolitické ostenle, 3 - medziizolacia,
4a - podpera, 4b - beténovy medzistrop, 5 - odvodhovaci
kandl vozovky, 6 - stredny odvodiovaci kandl, 7 - pozdi2-
na drendz, 8 - betén. dno, 9 - prie&na drend, 10 - chod-
nik, 11 - kanal pre odvod zne&isteného vzduchu, 12 - Ka-
Nl pre privod Zerstvého vzduchu

BRIDGES, TUNNELS

3-4 times greater than by using other conventional dri-
ving methods. The financial costs of the TBM are high
but they diminish beyond a certain tunnel length and are
comparatively lower than when using the NATM.

Structural parts of tunnels

Construction of lining in drifts and tunnels varies accor-
ding to the chosen driving technique. Generally we use
two basic types:

- lining used for the NATM

— lining used for the TBM.

The layout of the tunnel lining basically depends on
the building technique used and the geological conditions
found in the line of a tunnel.

The two-layer lining is usually used when driving by
the Drill and Blast method, the NATM, and TBM. The

Fig. 2. Cross-sections of road tunnels driven by TBM (two-
layer lining)

a - tunnel with longitudinal ventilation: 17 - clearance, 2 -
pavement, 3 - collector, 4 — booster van, 5 - lining compo-
sition (gap filling between lining and rock, tubing, sealing,
cast-in-situ concrete); b - tunnel with transverse ventila-
tion: 1 — primary pre-cast lining, 2 - secondary cast-in-situ
lining, 3 - sealing, 4a — concrete Inter-ceiling, 4b - cantile-
ver, 5 - pavement drainage conduit, 6 - central drainage
conduit, 7 - longitudinal drainage, 8 - concrete bottom,
9 - transverse drainage, 10 - sidewalk, 11 - channel - pol-
luted air, 12 — channel - fresh air
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vaného &titu sa ostenie sklada prevazne z prefabrikova-
nych dielcov — tubingov, kde priestor medzi licom horni-
ny a rubom ostenia sa vypliiuje maltou alebo drobnym
Strkom.

Pri razeni s nasadenim mechanizovanych tunelova-
cich strojov sa pouZiva jednovrstvové a dvojvrstvové
ostenie, zavislé od pouZitelného druhu tunelovacieho
stroja a od hydrogeologickych podmienok. Ide o tunelo-
vacie stroje:

— s rozpernymi doskami, TBM — gripper,
— s ochrannym pladtom, TBM - Stit.

V prvom pripade tunelovaci stroj nema ochranny plast
a pohybuje sa dopredu cyklickym spdsobom. V danom
pripade lice vyrubu je nechranené a podla potreby sa za-
bezpeéuje kotvami, oblukovymi skruZami a siefovinou, na
ktoru sa nana3a striekany betén hribky 50 az 300 mm a
&asto tvori definitivne ostenie.

Pre kvalitativne lep&i pohyb strojového privesu za tu-
nelovacim strojom a celého dopravného systému dnu a
von z tunelovej riry uklada sa na dno za telesom stroja
do cementovej malty prefabrikovany dielec (tubing).

V druhom pripade tunelovaci stroj ma ochranny plasf,
tvori akysi druh posuvného paZenia, postva sa dopredu
kontinudlne pomocou horizontainych hydraulickych vy-
suvnych lisov (hydromotorov) umiestnenych po vnu-
tornom obvode plasta 3titu. Ostenie moze byt jedno-
vrstvové alebo dvojvrstvové podla hydrogeologickych
podmienok.

V skalnych horninach sa &astejsie stretavame s dvoj-
vrstvovym ostenim, kde vonkajSie (primarne) ostenie je
zo segmentovych prefabrikatov (tubingov), spojovanych
na pero a drazku. Rub ostenia sa vyplfiuje drobnym $tr-
kom, v spodnej éasti cementovou maltou. Vyroba oste-
nia je velmi naroéna a vyZaduje vysoku kvalitu a pres-
nost vyroby, s toleranciami +1 mm.

Vnitorné (sekundarne) ostenie je z monolitického
beténu, ukladaného do pojazdného debnenia. Kontaktna
plocha medzi vnitornym a vonkaj$im ostenim sa izoluje
pomocou plastovych folii. Medzivrstvové Skary medzi
tubingami sa v tomto pripade neutesfiuju. -

Vnutorné ostenie cestného tunela zavisi od poZiada-
viek prevadzkového vybavenia, ktorého prvky su &asto z
monolitického beténu a z prefabrikovanych dielcov. Za-
visi to napr. od navrhnutého systému vetrania (s medzi-
stropnou doskou alebo bez nej), od poZiadavky uloZenia
a zoskupenia inZinierskych sieti (kdblové kanaly alebo
kolektory), od druhu odvodnenia tunela, od kon3trukcif
vozoviek a pod. Rozne spdsoby usporiadania cestnych
tunelov (ostenia a vnitorné vybavenie) su zobrazené na
obr. 2. Montované ostenia vnutornych osteni podliehaju
prudkému vyvoju. Hladaju sa rieSenia, ktoré by zjedno-
dusili vyrobu a montaZ ostenia, zdokonalili tesnenie os-
tenia, vylepSili jeho statickld funk&nosf pri maximalnom
vyuZiti pevnostnych vlastnosti obklopujicej horniny,
upravili vnitorné lice montovanych prvkov ostenia tak,
aby nebolo potrebné pripadné zabudovanie vnutorného
ostenia, ktoré by splfiovalo poZiadavky (¢elu podzemne;
stavby. Obzvlast vysoké naroky na tunelové jednovrsto-
vé ostenie sa kladd tam, kde sa oakdavajl vysoké prito-
ky podzemnej vody, resp. tunel sa razi vo zvodnenych
zeminach kvartéru. Segmentové ostenie v tychto pripa-
doch vyZaduje osobitné ocelové formy a presnost vyro-
by tubingov +0,5 mm. Skary sa musia starostlivo oZetro-
vaf a utesnif.

is

primary lining is made of shotcrete together with anchors,
steel arches combined with a steel mesh. The secondary
lining is made of cast-in-situ concrete laid in form, The
protective insulation foil layer is laid on the shotcrete
primary lining before concreting. The typical example of
this tunnel lining Branisko is shown in Fig. 1 (pp. 57).

Tunnels over 2,000 m are designed with the pilot drift
located in the line of the second tunnel tube, whose full
cross-section will be driven after the construction of the
whole motorway route is completed. In this case, lining
construction is very simple. When driving by the conven-
tional method is usually a one-layer lining provisionally
strengthened with anchors (preferably plastic anchors),
steel arches, mesh and shotcrete 50-150 mm thick.
When using the TBM-shield the lining structure is formed
by tubing — pre-cast segments, where gaps between the
rock and lining are filled with mortar or fine gravel.

When driving by the TBM, one or two-layer lining is
used subject to hydro-geological conditions and tunnel-
ling machine type, which can be:

— TBM - gripper
— TBM - shield.

In the first case the tunnelling machine has no pro-
tective skin plate and moves forward in a cyclic motion.
In this case the right side of the excavated rock is unpro-
tected and where needed, is secured by anchors, steel
arches and mesh fixed with shotcrete 50-300 mm thick
often forming a permanent lining.

For better quality of trailer movement behind the tunnel-
ling machine and whole transport system, the tubing is laid
in cement mortar on the bottom behind the machine.

In the second case a skin plate protects the tunnel-
ling machine and moves forward continuously with the
help of hydraulic jacks placed in the inner circuit of the
shield. The lining is of one or two-layer depending on
hydro-geological conditions.

In rocks, a two-layer lining is preferable where the
primary lining is made up of tubing connected by tongue
and grove. The external circumference of the lining is
filled with fine gravel and the bottom part, with cement
mortar. Lining production must be of high quality and
accuracy, with a tolerance +1 mm.

The secondary lining is made of cast-in-situ concrete
laid in portable form. Shield foils insulate the contact
plane between the inner and outer lining. Inter-layer gaps
between the tubing are not sealed in this case. The se-
condary lining of road tunnels depends on the demands
made on service equipment whose parts are made of
cast-in-situ concrete and/or precast concrete units. It
depends for example on the designed ventilation system
(with or without inter-ceiling slab), on the required posi-
tioning of public utilies — collectors, tunnel drainage, road
pavement construction, etc. Various cross-sections of
road tunnels are shown in Fig. 2.

Pre-cast concrete lining is subject to enormous de-
velopment. New solutions are under research which
would simplify the production and assembly of lining,
improve its sealing and bearing capacity, and adjust the
right side of the pre-cast tubing so the secondary lining
would not be necessary, etc. Where a high inflow of
underground water is expected, particularly high de-
mands are pade on the one-layer tunnel lining. In this
case the segmented lining requires special steel forms
and very accurate production with a tolerance of +0,5
mm. All gaps have to be sealed carefully.

IR
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Zaver

Vystavba dialniénej siete s mnohymi tunelovymi objekta-
mi v SR je velkym krokom vpred, &o prispeje k zvySeniu
socidlneho, spolofenského a kultirneho Zivota v nasej
krajine. Cez Slovensko budi prechadzaf déleZité eurép-
ske koridory, a preto ma ich vystavba mimoriadne déle-
Zity vyznam.

Skusenosti s vystavbou tak naro&ného diela s poZa-
dovanym strojovym vybavenim, ako i pouZitim novych
progresivnych beténovych konStrukcii v nasich dodava-
telskych firmach su zatial skromné. Bude preto potrebné
vyuZit vBetky vlastné skryté rezervy, rozSirovaf si svoje
odborné vedomosti, zapojit do &innosti popredné nage a
vyuZit | zahraniéné kapacity, ziskat Spi¢kovi zahraniénu
technolégiu a potrebné finanéné prostriedky, aby sa toto
velkolepé dielo podarilo.

BRIDGES, TUNNELS

Conclusion

Motorway network construction including many tunnels
in the Slovak Republic is a significant step forward which
results in an increase in the quality of social and cultural
life in our country. Many important European corridors
will run through Slovakia which makes this construction
programme even more important.

Among our contractors there exists a lack of experi-
ence with such a demanding construction programme
and in the application of required technological equip-
ment and new progressive concrete structures. It will be
therefore necessary to increase our professional skills
and konwledge, to involve our experts, together with their
foreign counterparts and to obtain the high-quality for-
eign technology and necessary financial means to fulfil
all of these tasks successfully.

Tunel Branisko - prvy dialnicny tunel

realizovany na stavbe dialnice D1 na Slovensku

Tunnel Branisko - the first motorway tunnel realized by the
construction of the motorway D1 in Slovakia

Peter HRMO

Pohorie Branisko predstavuje najobtiaZnejsi usek diafni-
ce D1 v (seku Behédrovce—Branisko, kde v relativne krat-

Obr. 1. Prieény rez tunelove] riry
a - bez spodne| klenby, b - so spodnou klenbou

Fig. 1. Cross section of tunnel pipe
a - without lower vault, b - with lower vault

Chain of mountains Branisko represents the most diffi-
cult sector of the motorway D1 in the sector Beharovce—
Branisko, where in relative short sector with the direct
ground plan length of not whole one kilometer, is neces-
sary to overcome the height difference of 246 metres.

Ing. Peter Hrmo — Hydrostav, a. s. Bratislava.

—
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Obr. 2. Tunel Branisko — vstup z vychodnej strany
Fig. 2. Tunnel Branisko — entry from eastern side

kom useku v priamej pddorysnej dizke ani nie celého
jedného kilometra treba prekonat vySkovy rozdiel 246 m.

Tunel Branisko je projektovany pre dialniént dopravu
a sklada sa z dvoch tunelovych rdr, z ktorych v prvej
etape sa buduje len jedna, juZna tunelova rura. Do vybu-
dovania severnej tunelovej rlry bude juZna tunelova rura
slizif pre obojsmerni premavku.

Zéakladné technické parametre tunela:

- dizka razenej &asti tunela je 4 823,55 m,

— svetla Sirka tunela 9,5 m,

— 8irka vozovky medzi obrubnikmi je 7,5 m,

— §irka chodnikov 2 x 1 m,

— vySka prejazdného profilu tunela je 4,5 + 0,1 m,
— svetla 3irka nad obrubnikmi je 2,2 m.

V tuneli budd vybudované Styri jednostranné a dve
dvojstranné zalivy Sirky 3 m a diZky 40 m. Zalivy budd
slizif na odstavenie vozidiel s poruchou, pripadne na
otaéanie osobnych vozidiel v pripade neprejazdnosti tu-
nela. Vzdialenosf zélivov je 700 aZz 750 m.

Investor, Slovenska sprava ciest, objednal realizaciu
tunela priamym zadanim u ZdruZzenia Branisko, ktoré
zdruZuje firmy realizujuce vylomové aj stavebné préce.
Lidrom zdruZenia sa po dohode &lenov zdruZenia stala
Vodohospodarska vystavba, §. p. Bratislava, ktora zastu-
puje podniky: Banské stavby, a. s. Prievidza, Vahostav,
a. s. Zilina, Banské zdruZenie Spi§ a Hydrostav, a. s.
Bratislava. Tieto firmy sa zlGé&astfiuju na realizacii tunela
Branisko. Vy58im dodavatelom stavebnej &asti jednej
polovice tunela, t. j. 2,4 km z vychodnej strany, je Hyd-
rostav, a. s. Bratislava a zo zdpadnej strany tunela Va-
hostav, a. s. Zilina. Generalnym projektantom stavby je
INCO — Banské projekty Bratislava a spracovatelom rea-
lizaénej dokumentacie je Terraprojekt, a. s. Bratislava.

Realizacia vlastného tunela Branisko rakiskou tune-
lovacou metédou zacala v roku 1997, siéasne zo strany
zapadného aj vychodného portélu a planovana lehota
vystavby je 36 mesiacov. Pri realizacii tunela sa vyuzi-
vaju vysledky skuSok a geotechnickych merani, ziskané
pri realizacii prieskumnej Stélne Branisko, ktora bola
ukonéena v roku 1997,
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The tunnel Branisko is designed for the motorway
transport and consists of two tunnel tubes, from which is
only one built in the first stage — the south tunnel tube.
Before the north tunnel tube is built, the south tunnel tube
will serve for the both-way transport.
Basic technical parameters of the tunnel Branisko:
- the length of the tunnelling part of the tunnel is
4823.55 m,

— the clear width of the tunnel is 9.5 m,

—the width of the roadway between the kerbs is
7.5 m,

— the width of te pavements is 2 x 1 m,

— the height of the cross-over profile of the tunnel is 4.5
m+ 0.1 m,

— the clear width above the kerbs is 2.2 m.

Four one-way and two double-way bays of the width
3 m and length 40 m will be built in the tunnel. The bays
will serve to put the defected cars aside, in case that the
tunnel can't be passed. The distance between the bays
is from 700 to 750 metres.

The client — Slovenska sprava ciest — ordered by
direkt commission the tunnel realization by ZdruZe-
nie Branisko, that associate the companies realizing
excavation and construction works. The leader of the
assotiation became Vodohospodarska vystavba, §. p.
Bratislava after the agreement between the members
of the assotiation. Vodohospodarska vystavba, . p.
Bratislava represents the companies: Banské stavby,
a. s. Prievidza, Vahostav, a. s. Zilina, Banské zdruZe-
nie Spi§, Hydrostav, a. s. Bratislava. These all take
part in the realization of the tunnel Branisko. The ge-
neral contractor of the building part of one half of the tun-
nel, that is 2.4 km from the east side, is Hydrostav a. S.
Bratislava and from the west part of the tunnel is
it Vahostav, a. s. Zilina. General designer of the con-
struction is INCO — Banské projekty Bratislava and the
elaborator of the working drawings is Terraprojekt, a. S
Bratislava.

The realization of the tunnel Branisko by NATM '?9‘
gan in 1997, all at once from the west side and east side
portal, and the planned time for the construction is 36
months. By the realization of the tunnel are used the
results of the tests and geotechnical measurements,
obtained by the realization of the investigation gallery
Branisko, which was completed in 1997.
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Most 207-00 nad dialnicou D2/D61 Bratislava-

statna hranica SR/MR a SR/Rakusko

Bridge 207-00 over D2/D61 motorway Bratisava-Slovak/
Hungarian and Slovak/Austrian border

Viadimir PUKANCIK -

Usek dialnice D2/D61 predstavuje severojuZné doprav-
né spojenie v priestore juZzne od Bratislavy. Ide o dialni&-
nu stavbu od mosta Lafranconi po hraniény priechod s
Madarskom s dialniénou kriZovatkou pri Jarovciach s
odboéenim na hranicu s Raktskom.

Suéasfou dialniénej krizovatky pri moste Lafranconi
bolo aj dobudovanie mosta nad dialnicou — objekt
207-00.

VSeobecné udaje

Mostny objekt na vetve mimouroviiovej kriZovatky dial-
nic D2 a D61 premosfuje 2. a 3. polom existujlcu dial-
nicu D2. Most je smerove v obliku R = 2492 m a vy3-
kove v zakruZovacom obliku R = 1 500 m. Uhol kriZenia
je 34,65, DIzka mosta je 186,6 m. Tvori ho 5 poli, ktoré
sU vybudované ako monolitickd spojita konstrukcia z do-
datotne predpatého beténu. Sirkové usporiadanie na
moste zodpoveda poloviénému profilu diafnice s volnou
Sirkou medzi zvodidlami 11,75 m. Prieény sklon vozovky
je jednostranny 4,5 %.

Obr. 1. Celkovy pohfad na most
Fig. 1. Greneral view of the bridge

Geologické podmienky

Uzemie je tvorené kvartérnymi sedimentami na neogén-
nom podioZi. Kvartér tvoria prevaZne pies&ité Strky moc-

Ir\osti 8 aZ 13 m, ktoré vykazuji zna&né rozdiely v ufah-
osti.

Ing. Viadimir Pukan&ik — Dopravoprojekt, a. s. Bratislava; Ing.
Viadimir Budinsky - Cesty Nitra, a. s.

Viadimir BUDINSKY

The D2/D61 motorway section is the north/south link locat-
ed south of the capital Bratislava. The section represents
the motorway projects starting from Lafranconi Bridge up to
the border crossing with Hungary as well as Austria.

The bridge 207-00 represents an inevitable part of the
Project to complete the interchange at Lafranconi Bridge.

General Data

The bridge 207-00 situated at an interchange branch is
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Obr. 2. Dialnica D2/D61 - situdcia
Technické idaje: kategéria D26,5/100, diZka stavby 17,8 km,
poéet mostov 13, mimodroviiové krizovatky 2, odpoéivadlo
- 1 obojstranné; O dialniénd krilovatlka, s dialnica
v prevéadzke, dialnica vo vyhlade, cxmxs stavba
diafnice, — — — — cesty

Fig. 2. Motorway D2/D61 - layout

Technical data: category D26.5/100, length 17.8 km, No. of
bridges 13, interchanges 2, rest areas — 1 both sided; O
motorway Interchanges, ssssssss motorway in operation,
— motorway under construction, txxxs motorway
construction adressed, — — — = roads
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Obr. 3. Most 207-00 na dialnici D2/D61

a — pozdiZny rez, b — pbdorys, c — prieény rez

Fig. 3. Bridge 207-00 on the motorway D2/D61

a - longitudinal section, b — ground plan, c - cross section

Technické rieSenie mosta

Zakladanie, spodna stavba

Projekt predpokladal zakladanie medzifahlych podpier na
velkopriemerovych vitanych pilétach budovanych systé-
mom Delmag s preinjektovanim péty piléty. Vzhladom na
ekonomicku naroénost a efektivnost injektaZe v danych
geologickych podmienkach, bola zvolena vibrodrapako-
va metéda budovania pilét. Nasledné zataZovacie a dy-
namicko-penetraéné skusky potvrdili predpokiad projek-
tanta. Ug&inok vibracie sa prejavil znaénym zhutnenim
celej oblasti pozakladu a umoZnil skratit piloty a vypustit
injektaZ podloZia.

Medzilahlé podpery 2, 4, 5 su rieSené ako dvojice
kruhovych pilierov, podpera 3 ako jeden kruhovy pilier
votknuty do zakladovej patky. Zaklady podpier 3 a 4 boli
vybudované v predstihu ako stéast dialnice pod mostom.

Nosna konstrukcia

Nosnu konStrukciu po statickej stranke predstavuje mo-
noliticky spojity nosnik z dodatoéne predpétého beténu
budovany etapovite po jednotlivych poliach. Rozpétia
jednotlivych poli si 25 + 40 + 45 + 40 + 25 m.

Vyskové pomery v kriZovatke si vyZiadali minimalizo-
vaf vy3ku nosnej konstrukcie na 2 m (pomer hribky k
rozpatiu 1/18,5) o malo nepriaznivy vplyv na pokrytie
hlavnych tahov/8mykov v beténe. V prieénom reze tvori
nosnu konStrukciu komérka vysky 2 m s asymetrickymi
konzolami 2,5 a 3,5 m.

Navrh asymetrickych konzol bol vyvolany Gpravou
Sirkového usporiadania na moste, pricom zaklady pod-
pier 2 a 3 boli vybudované uZ v predstihu. Tato asymet-
ria sa prejavila posunom faZiska nosnej konitrukcie o 76
cm smerom von z pddorysného oblika, &o sa, pri pomer-
ne malom smerovom obliku, javilo vhodné z hladiska
redukcie krutiacich Géinkov. Podrobny staticky vypoéet s
priestorovym modelom v3ak ukazal, Ze vplyv vyloZenia
vnutornej konzoly bol vyznamnej§i ako vplyv pédorysné-

passing over the existing motorway D2. The bridge is
curved in both planes. The crossing angle is 34.69,

The bridge length is 186.3 m. The bridge consists of
5 spans of in-situ cast prestressed concrete. The road-
way width conforms to a half motorway sectional profile
with 11.75 m clearance between safety barriers.

The subsoil consists of quaternary sediments, mostly
sand gravel of thickness 8 to 13 m, on a neogen bed.
The in-situ tests reported considerably high variations in
sediments compactness.

Foundation and substructure

It was supposed to set the piers on large diameter cast-
in-place bored piles (system Delmag) with additional
cement grout injection of the pile toe. Taking into consi-
deration economy and effectiveness of injection in given
geological strata a vibro-grap method of pile construc-
tion was chosen. Following dynamic-penetration site
tests have confirmed the designers assumptions. The
vibration effect has resulted in significant compaction of
surrounding subsoil enabling thus to shorten the pile
length and to exclude injection. Conforming the restric-
tions under the bridge the piers consist of double or sin-
gle circular pier embedded into foundation slab.

Superstructure

Structurally, the deck is designed as a continuous beam
of in-situ cast prestressed concrete constructed by span-
by-span method on fixed falsework with four spans of
25 + 40 + 45 + 25 m. Restricted by vertical clearances
in the interchange, the depth has to be minimised to 2 m
(depth/span ratio 1/22.5). On its cross-section the deck
is made of a single box beam with asymmetric cantile-
vers of 2.5 and 3.5 m. This solution induced due to ad-
ditional arrangement of cross-sectional profile characte-
ristics on the bridge was made at times when foundation
of piers 2 and 4 had already been built. The asymmetry
resulted in a shift of the centre of gravity out of the ho-
rizontal curve (R = 249 m) by 76 cm. It seems to be ra-
ther convenient from the view of torsion reduction.
A detail structural analysis of 3D beam finite element
model, however, has revealed reduction of torsion dué
to asymmetry but increased magnitude of vertical forces
on internal piers. This is the reason why internal bea-
rings at piers 2, 4, and 5 are illogically* larger (11, '
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ho zakrivenia osi mosta. Z tohto dévodu su aj vnitorné
loZiska (hrncové loZiska kruhové) na podperach 2, 4, 5
_neologicky* va&sie (11, prip. 13 MN) ako loZiska vonkaj-
gie (5, prip. 7.5 MN).

PozdlZne predpétie nosnej kondtrukcie zabezpe&ui
kéble vytvorené z 12 lan ¢ Ls 15,5/1 800 MPa. Navrhnu-
té su ako priame kable pri hornom a dolnom okraji a zdvi-
hané kéble vedené v tramoch. Casf kablov je spojkova-
nd v pracovnej Skare na konci prisiuénej etapy, min.
40 % kablov cez Skaru prebieha. Limitovanie hrubky tra-
mov kvéli zniZeniu viastnej tiaZe a nové poZiadavky na
zvySené krytie vystuZe beténom neumozZnili spojkovat v
trdme vedfa seba viac ako jeden kébel. To si spétne vy-
Jiadalo riesit pomerne zloZité pddorysné vedenie kablov
v oblasti pri podperach. Aj z tohto dévodu bola &ast
kéblov kotvena v samostatnych blokoch na spodnej do-
ske, resp. pri tramoch.

Zaver

Napriek tom, Ze mostny objekt predstavuje klasicky typ
konstrukcie, bolo potrebné polas projektovych a reali-
zagnych préc riedif niekolko zaujimavych technickych a
teoretickych problémov, &o prispelo k zaujimavosti a pro-
spednosti diela z pohladu projektanta a aj zhotovitela.

BRIDGES, TUNNELS

respectively 13 MN) than the external bearings (7, or
respectively 7.5 MN).

The longitudinal prestressing consists of tendons of
12 strands ¢ Ls 15.5/1,800 MPa. The tendons are de-
signed as straight tendons at a top and bottom flange
and draped tendons in webs. A part of the tendonds has
been coupled in construction joints at the end of the
respective construction section. Minimum 40 % of conti-
nuity tendons pass trought the construction joints with-
out coupling.

Limiting of the web thickness due to dead-weight
reduction and new requirements to increase the concrete
cover has not allowed to couple horizontally more than
one tendon in the web. Consequently it was necessary
to solve relatively complicated tendons layout in the
area of piers. For this reason some tendons were an-
chored in concrete blocks situated in the fillet between
the web and the flange or on bottom flange.

Conclusion

The bridge is an example of a typical bridge structure.
Despite of this, due to implementation of the Project in
stages with consequent changes, several technological
and theoretical issues had to be addressed during its
design and construction. This has made the work of both
designer and contractor more interesting.
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Most D 202-00 na dialnici D1 Hybe-Vazec
Bridge D 202-00 on the motorway D1 Hybe-Vazec

Karol BOHUNICKY - Margita GASPARIKOVA

Na stavbe dialnice D1 Hybe—VaZec v km 3,24750 je si-
tuovany most D 202-00 Vychodna. Je to most na dialni-
ci, ktory sa sklad4d z dvoch mostnych navzajom rovno-
beZnych objektov. Mostny objekt preklefiuje udolie s
bezmennym potokom a polnou cestou. Uhol kriZenia s
polnou cestou je 709. Volna vySka pod mostom je maxi-
malne 20 m.

Most je navrhnuty na zafaZovaciu triedu A podla STN
73 6203. Nosna konstrukcia mosta je monoliticka spoji-
t4, z dodato&ne predpéatého beténu, budovana technold-
giou letmej betonaZe z medzilahlych podpier.

Dizka mosta 375 m je rozdelena na 7 poli s rozpatim

On the motorway construction D1 Hybe—VaZec on the
kilometer 3.24750 is situated the bridge D 202-00 Vy-
chodna. That is the bridge on the motorway, which con-
sists of two bridge objects, together parallel. The bridge
object arch the valley with the stream without name and
the field road. The angle of the crossing with the field
road is 709. The free height under the bridge is maximal
20 m.

The bridge is proposed for the loading class A in
accordance with STN 73 6203. The bearing structure of
the bridge is monolith connected, from the additionaly
prestressed concrete, built in the technology of free can-
tilever construction of the between lying piers.

376.00

3500, 61,00 L 81,00

41,00 L 61,00

61,00 L 35,00

Fig. 1. Scheme of the bridge D 202-00 - lon-
gitudinal and cross section
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35 + 5 x 61 + 35 m. Sirka mosta je 28,5 m. Stavebna
vySka mosta je 3,4 m. Most je priamopéasovy. Horna
doska ma v prie€nom smere nabehy hribky 250 aZ 500
mm. Dolna doska mé& v pozdi2nom smere premennd
hribku 250 aZ 550 mm. Tramy majl v pozdiZnom smere
takisto premennl hribku 450 aZ 600 mm. Nosnéa kon-

Ing. Karol Bohunicky — Hydrostav, a. s. Bratislava; Ing. Margita
GaSparikova — Dopravoprojekt, a. s. Bratislava.

The bridge length of 375 m is divided into 7 fields with
the span 35 + 5 x 61 + 35 m. The width of the bridge
between the railings is 27.5 m. The construction height
is 3.4 m. The bridge is straight. The upper slab is in the
constant width of 250 mm. The lower slab has in the
lengthwise direction the various width of 250-550 mm.
The beams have in the lengthwise direction also the
various width 450600 mm. For the bearing structure of
the bridge is used the concrete B 40. The reinforcement
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Obr. 2. Pohlad na most pred dokonéenim
Fig. 2. View at the bridge before completing

Strukcia mosta je z beténu B 40, betonarska vystui
10 425-V a predpinacia vystuZ z lan 12 ¢ LP 15,5/1 800
MPa. Napatie pri predpinani je 1 430 MPa. Pouzili sa
kotvy typu Projstar.

Most je zaloZeny na velkopriemerovych pilétach ¢
1 180 mm. Na piléty si nabeténované Zelezobeténové
monolitické pétky, do ktorych sl kotvené piliere. Piliere
sa beténovali postupne po vySke 3 m. Nosna kon&truk-
cia mosta nad podperami mé prieéniky hridbky 1 000 mm.
V prie&niku s vynechané otvory pre prechod celou ko-
mérkou. Most je letmo beténovany ako vahadlo, ktoré je
osadené na pilieri so zadrodkom 10,5 m a piatimi lamela-
mi diZky 4,85 m. Vahadlo sa robi beténovacimi vozikmi.
Po dobeténovani vahadia sa zmonolitfiuje stredna &ast v
dizke 2 m debnenim zavesenym na koncoch vahadla.
Zarodky boli beténované na podpernej konstrukcii Hiine-
beck a stabilizaéna veZa pod vahadlo je z konStrukcie
PIZMO.

Ugastnici vystavby:
- investor: Slovenské sprava ciest Bratislava,
- projektant: Dopravoprojekt, a. s. Bratislava,
- realizator: Hydrostav, a. s. Bratislava, OZ Mochovce.

—
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Obr. 3. BetonaZ posledného pola
Fig. 3. Concreting of the last field

is proposed from the grade 10 425~V and the post-tension-
ing reinforcement is with the ropes ¢ 12 Lp 15.5/1,800 MPa.
The tension by the post-tensioning is 1,430 MPa. The
anchors, which are used, are of the type Projstar.

The bridge is based on the big diameter piles ¢ 1,180
mm. On the piles are placed the reinforced concrete
monolith foots, in which are tied pillars. The pillars were
concreted gradually by the height of 3 m. The bearing
structure of the bridge above the supports is braced with
the cross beam of the thickness 1,000 mm. In the cross
beam are omitted the openings for the pasage during the
whole chamber. The bridge is concreted like a cantile-
ver, which is settled on the pillar with the germ of 10.5
m and with five lamellas of the length 4.85 m. The sad-
dle is made with the concreted barrows. After the saddle
concreting is the middle part monolithed on the length of
2 m with the casinghang on the ends of the saddle. The
germs were concreted on the supporting construction
Hinebeck and the stabilisation tower under the saddle is
from the construction PIZMO.

Participants:

- client: Slovenska sprava ciest Bratislava,
- designer/consultant: Dopravoprojekt, a. s. Bratislava,
— contractor: Hydrostav, a. s. Bratislava, OZ Mochovce.
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Oblikovy most cez Val v Povazskej Bystrici
Arch bridge over the Vah river in PovaZska Bystrica

Viadimir PIONTEK

Vedla existujliceho patpolového oblikového mosta bolo
treba postavif z kapacitnych dévodov novy most. Navrh
nového oblikového mosta sa ukézal z architektonického
hladiska vzhladom na stary most idedlnym riedenim,
pretoze sa musel niveletou, tvarom a rozpatiami poli
prispdsobif starému mostu. Most prechadza cez inundag-
né uzemie, koryto rieky Vah a energeticky kanal, na kto-
rom sa v buddcnosti uvaZuje s plavebnou prevadzkou.
Podpery nového mosta musia byf v zakryte s podperami
existujiceho mosta aj z hydrotechnického hfadiska.
Rozpétia poli nového mosta st 45 + 2 x 50 + 45 + 50
m. Rozpétia prvych $tyroch poli nového mosta su totoz-

a Obr. 1
OLD BRIDGE NEW BRIDGE
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Next to the existing five-span arch bridge over the
Vah river (built during 1946—48) another bridge was re-
quired. With regard to the existing one and from the
designers view, the best solution was to design another
arch bridge.

The new bridge had to be adapted to the old one by
its vertical alignment, shape and spans. The bridge goes
over a flood area and the river bed plus power plant
channel where in future navigation is expected. The new
bridge piers must be in their plan in line with those of the
old bridge due to hydro-technical reasons. The new
bridge spans are 45 + 2 x 50 + 45 + 50 m. The first four
spans of the new bridge are identical with those of the
existing one. The 5™ span follows navigation require-
ments (Fig. 1).

The arches are in their bases fixed in massive piers.
The rise of arches is 6.65 m in the middle. The cross-
section height is 0.6 m at the top and 0.77 m at the base.
The whole bridge is of reinforced-concrete. The arch and
the walls are of concrete C-/28 (B 30), the deck of C-/35
(B 40). The static effects of arches in individual segments
are individual. There is a dilatation joint dividing the deck
over each pier.

The subsoil is made of a layer of coarse alluvial gra-
vel, with a layer of sandstone and marlite underneath.

The old bridge has got spread footings. Due to the
vicinity of the old bridge foundations and lack of informa-
tion concerning their real position, deep founding has
been preferred.

All the bridge piers have been based on large diam-
eters piles (¢ 1,230 mm) excavated by a vibratory grab.
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Ing. Vladimir Piontek — Dopravoprojekt, a. s. Bratislava.
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né s rozpatiami existujiceho mosta. Rozpétie piateho
pofa nad kanalom zohladfiuje poZiadavku pre plavebny
gabarit (obr. 1).

Obluky su v pétkach votknuté do masivnych podpier
mosta. Vzopétie oblikov v strednici je 6,65 m. Hrubka
oblikov vo vrchole véitane mostovky je 60 cm, v patkach
77 cm. Cela nosna konStrukcia je zo Zelezobeténu. Ob-
lik a steny su z beténu C-/28 (B 33), mostovka z C-/35
(B 40). Staticky pdsobia obliky v kaZdom poli samostat-
ne. Nad kaZdou podperou je mostovka predelena dila-
taénou Skarou.

PodloZie pre zaloZenie mosta tvori aluvidlna vrstva
hrubého 3trku, pod ktorou sa nachadza vrstva pieskov-
cov a sliefiovcov.

Stary most je zaloZeny plo3ne. Vzhladom na blizkosf
zékladov starého mosta a zarovefi ich nepotvrden( sku-
to&nl realizdciu, bolo navrhnuté hibinné zakladanie.

VSetky podpery mosta su zaloZené na velkoprieme-
rovych pildtach ¢ 123 cm hibenych vibrodrapakovou
met6dou. Piléty su votknuté do armovanych zakladovych
pétiek a do vrstvy poloskalnych hornin.

V tomto ojedinelom pripade, ked vedla tradiénej ob-
likovej kon3trukcie bolo treba postavit novy most, bolo
hlavnou prioritou zachovat raz dany pdvodnou mostnou
konstrukciou. Najprijatelnej&im rieSenim bolo zopakovat
tvar oblikov uZ existujiceho mosta (obr. 2).

Technol6gia vystavby na pevnej skruZi bola pouZita
vzhladom na nerovnak( diZku poli a ojedinelost vystav-
by takejto obllikove] kon&trukcie.

Zugastnené organizéacie:

- investor: Slovenska sprava ciest — investorsky Utvar

Banskd Bystrica-Zilina,
- projektant: Dopravoprojekt, a. s. Bratislava,
- realizdcia: Cestné stavby, s. r. 0. Zilina.
LITERATURA

[1] Piontek, V.: Oblikovy most cez Véh v PovaZskej Bystrici.
InZinierske stavby, 45, 1997, & 3, s. 123-124.
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Obr. 2

The piles have been fixed in reinforced base toes and
into a semi-rock layer.

Conclusions

In this unique case, where a new bridge was built right
next to a traditional arch structure, priority No. 1 was to
preserve the original nature derived from the original
bridge. The best acceptable solution was to repeat the
shape of arches of the existing bridge (Fig. 2).

The superstructure was cast-in-place on a fix false-
work. The technology was applied due to unequal length
of individual segments and the unusual repetition of the
arch structure.

The bridge was put into operation in 1997.

Construction participants:

- investor: Slovenska sprdava ciest — investiény Gtvar
Bansk4 Bystrica-Zilina,

— design: Dopravoprojekt, a. s. Bratislava,

— producer: Cestné stavby, s. r. 0. Zilina.
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Most D 207-00 JanoSikova studnicka
Bridge D 207-00 JanoSikova studnicka

Milan STADLER

Na stavbe dialnice D1 Hybe—VaZec je v km 5,74450 vy-
projektovany most D 207-00 Jano$ikova studniéka. Dial-
niény most sa skladd z dvoch rovnobeZnych mostnych
objektov s maximalnou vySkou pod mostom viac ako 20 m.

Most je navrhnuty na zafaZovaciu triedu A podlfa STN
73 6203. Nosna konstrukcia je monoliticka, spojita, z do-
datoéne predpatého beténu, budovana technolégiou let-
mej betonaZe z medzilahlych podper.

[

Obr. 1. Prvé nasadenie beténovych vozikov
Fig. 1. First using of concrete barrows

Dizka mosta 375 m je rozdelena na 7 poli, s rozpatim
35 x 5 x 61 a 35 m. Prieény rez mosta je jednokomérko-
va konStrukcia s obojstrannymi konzolami vyloZenymi
3,13 m. Celkova Sirka komérkovej konStrukcie s konzo-
lami je 13,27 m. Vy3ka kombrky je v pozdiZnom smere
konstantna 3,3 m. Hornd doska ma kon3tantn( hriubku
250 mm. Dolna doska a tramy maju premenlivil hribku.
Prie€ny sklon mosta je vytvoreny nato&enim komérky. Na
nosnu konStrukciu je pouZity betén B 40. Predpinaciu
vystuz tvoria lana 12 ¢ Lp 15,5/1 800 MPa, ktoré se pre-
dopnu na 1 470 MPa. Kotvy su typu MONOS 2400.

Spodna stavba sa skladéa z dvoch opér I. a VIII. a zo
Siestich medzilahlych podpier - pilierov Il. aZ VII. Podpe-
ry su zaloZzené na monolitickych pétkach uloZenych na
vitanych pilétach.

Investorom stavby dialnice D1 je Slovenské& sprava
ciest, a. s. Bratislava. Projektantom mosta D 207-00 je
Dopravoprojekt, a. s. Bratislava. Realizatorom stavby
mosta D 207-00 je Hydrostav, a. s. Bratislava, OZ Podu-
najské Biskupice.

Ing. Milan Stadler — Hydrostav, a. s. Bratislava.

On the motorway construction D1 Hybe—VaZec is on the
kilometer 5.74450 designed the bridge D 207-00
Janosikova studni¢ka. The motorway bridge consits of
two parallel bridges of the maximal height under the
bridge more than 20 meters.

The bridge is designed for the loading class A accor-
ding STN 73 6203. The bearing structure is monolithig,
continuous made from post-tensioned prestressed con-
crete built with free cantilever method.

The bridge length of 375 m is divided into 7 fields with
spans 35 + 5 x 61 + 35 m. The cross section of the bridge
is one chamber construction with double sided cantile-
vers with reach 3.13 m. Total width of the chamber
construction with cantilevers is 13.27 m. The height of
the chamber is in longitudinal direction constant 3.3 m.
Upper slab has constant thikness 250 mm. Lower slab
and beams are of variable thicknesses. Cross inclination
of the bridge is created by chamber rotation. For bearing
structure is used concrete B 40. Prestressing steel
are strands 12 ¢ Lp 15.5/1,800 MPa which are presres-
sed to 1,470 MPa. The anchors are of the type MONOS
2400.

Obr. 2. Nosné kons$trukcia pred dokoné&enim
Fig. 2. Bridge superstructure before completion

Subgrade (lower construction) consist of two abut-
ments |. and VIIl. and of six intermediate piers II.-VII.
Monlithic base of piers are placed on bored piles.

The building owner of the motorway D1 is Slovenska
sprava ciest Bratislava. The designer of the bridge
D 207-00 is Dopravoprojekt, a. s. Bratislava. The con-
struction of the bridge 207-00 realized Hydrostav, a. s.
Bratislava, OZ Podunajské Biskupice.
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Diagnostikovanie a oprava nedostatoéne
zainjektovanych kablovych kanalikov

predpatych betonovych mostov

Diagnostics and rehabilitation of incompletely grouted cable
ducts in prestressed concrete bridges

Jan KUCHARIK - Miroslav CERVENAN

KaZdorotne sa na Slovensku realizuju opravy a rekon-
Strukcie dialni€nych a cestnych mostov a medzi nimi sa
vyskytujd i mosty z dodato&ne predpétého beténu. Opra-
vy a rekonStrukcie sa vykondvaju na zaklade projektov,
ktoré vychadzaju z vysledkov prehliadok a diagnostic-
kych prieskumov tychto objektov. Ak ma stavebny zasah
priniesf poZadovany efekt, je nutné, aby sa diagnostiko-
vali existujice poruchy konétrukcie a stanovil sa ich roz-
sah a intenzita. V pripade mostov z dodato&ne predpa-
tého beténu je pre vypracovanie kvalitného projektu dé-
leZité poznat:

- stav injektaZe kablovych kanélikov,

- stav kor6zie predpinacej vystuZe,

- velkost predpinacej sily.

Zistenie tychto Udajov vyZaduje vykonat diagnosticky
prieskum, ktory je ndro&ny na pristrojové vybavenie a
vyZaduje skuseny personal. Nemenej naro&né je zhod-
notenie vysledkov prieskumu a definovanie zaverov, kto-
ré budl sliZif ako vstupy pre projektové riedenie.

V pripade, Ze ochrana predpinacej vystuZe nie je
dostatoénd, treba navrhnuf a vykonat opravu — reinjek-
taZ kablovych kandlikov. To vyZaduje pouZit 3pecialne
technolégie a vhodné materidly.

Diagnosticky prieskum stavu a ochrany
dodatoéne predpiétej vystuze

Najefektivnejfou metédou identifikicie nedostato&nej
injektaZe kablovych kandlikov je vizudina kontrola pomo-
Cou endoskopu. Kontroluje sa stav injektaZe predovset-
kym v miestach, kde je najva&si predpoklad, Ze nastalo
sadnutie injektdZnej malty vplyvom odli&enia a odpare-
nia vody, ako su kotevné oblasti a najvy&sie miesta kab-
lovej drahy. Pre kontrolu endoskopom sa najprv vyvita
otvor priemeru 10 aZ 12 mm (v zdvislosti od hribky
endoskopu), prechadzajlici cez kryciu vrstvu a ocelovu
trubku. Ak injektaz nie je dostatoénd, skontroluje sa za-
rovef i vyskyt vihkosti a korézie predpinacej vystuZe.
Endoskop umoZfiuje i vytvorenie fotosnimku kontrolova-

Obr, 1. Endoskopické kontrola nezainjektovane| predpina-
ce| vystuie so Supinkovou koréziou

Fig. 1, Inspection by endoscope in incopletely grouted pre-
Stressed cable with corrosion

Ing. J&n Kucharik, CSc.; Ing. Miroslav Cervelan — VUIS-Mosty,
S. 1. 0. Bratislava.

In Slovakia every year highway and road bridges are being
repaired and reconstructed, among them the brid-
ges made of post-tensioned concrete. Repairs and rehabil-
itations are based on the design elaborated as a result of
observations, diagnostics and inspection on these struc-
tures. To increase the efficiency of rehabilitation it is nec-
essary to inspect the existing damages in the structure and
to determine their range and intensity. To elaborate a high-
ly qualified design for rehabilitation of post tensioned con-
crete bridges the following items must be observed

— the quality of concrete in cable ducts,

- the state of corrosion in pre-stressing tendons,

- magnitude of pre-stressing force.

To obtain these data it is necessary to make inspec-
tion, which requires high level equipment, and experi-
enced staff. And it is also difficult to evaluate the inspec-
tion results and to define the conclusions, which will
serve as an input for the repair design.

In case of insufficient protection prestressing tendons,
it is indispensable to design and realize the re-grouting
of cable ducts. This requires the use of special techno-
logies and convenient materials.

Inspection of the corrosion protection
in post-tensioned tendons

The most efficient method of identifying insufficient grou-
ting of cable duct is visual control by means of endo-
scope. The state of grouting is being checked in places
with the highest probability of appearing cavities. As a
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ného miesta (obr. 1 a 2). Odkrytie vystuZe v sonde
umoZfiuje priamu kontrolu a detailné posudenie korézie,
je v8ak néaro&né a predstavuje nepriaznivy zasah do
konstrukcie.

Rozsah nezainjektovaného Useku a tesnost kablové-
ho kandlika sa stanovuje informativne prefuknutim stla-
&enym vzduchom, alebo naplnenim tlakovou vodou. Po-
merne presne mozno stanovif objem nezainjektovaného
a dostato&ne tesného useku pomocou vakuovacej vyve-
vy, ktor4 je stiéasfou zariadenia na vékuovl reinjektaz.
Pomocou vyvevy sa z dutiny odéerpa vzduch, pricom sa
meria jeho objem, ktory zodpoveda velkosti dutiny.

Na kontrolu injektaZe sa pouZivaju aj nedestruktivne
metédy, ktoré sa vyzna&uju réznym stupfiom presnosti a
vyskou obstaravacich nakladov. Ide o:

— kontrolu ultrazvukom,

— preZiarenie rdéntgenom.

— preziarenie gama ZiariGom alebo linearnym urychlova-
com.

Spolo&nou nevyhodou tychto metéd je, Ze musia byt
pristupné protifahlé povrchy konStrukcie. V pripade pre-
Jarovania sa ziskané snimky musia po merani vyvolaf,
t. j. vysledky nie st zname hned pri merani. Z uvedené-
ho vyplyva i istd obmedzenosf pouZitia tychto metod.

Sledovanie pomocou prenikania radarovych alebo
infragervenych vin predstavuje metédy pomerne naklad-
né a z hladiska efektivnosti menej spofahlivé.

Vyhodnocovanie diagnostickych
prieskumov - posudenie stavu
predpinacej vystuze

Na diagnostikovanie stavu predpinacej vystuZze neexis-
tuje u nas zatial jednotne akceptovany postup. Na zakla-
de viacro&nych skusenosti zostavili VUIS-Mosty internu
klasifikdciu stupfia korézie predpinacej vystuZe zistova-
ného vizudinou prehliadkou:

— vystuZ bez korézie — vystuz ma pbvodnl ocelovosivu
farbu,

— jemnd povrchovd kordzia — korbzia vytvara suvisly
jemny povlak, ktory moZno trenim o makkul latku (ko-
7a, textil) odstranif, dbytok profilu nie je meratelny,

- jamkovéd korézia — kor6zia vo forme bodiek vytvaraju-
cich priehlbinky oslabujuce prierez,

— stredne silnd povrchovd kordzia — korbzia vytvara
povlak, ktory oslabuje profil do 0,1 mm,

— silnd povrchovd korézia - viditelné su kry3taliky a
zrnka kordzie, povrch vystuZe nie je rovny, oslabenie
profilu je 0,2 aZ 0,3 mm,

— Supinkové korézia — korozivne produkty sa odlupuiju
od jadra vystuZe, oslabenie je viac ako 0,4 mm.

Korbzia predpinacej vystuZe prebieha odliSne od ko-
rézie makkej vystuZe. Okrem klasickej korézie ocele,
ktor4 predstavuje oxidaciu Zeleza a vznik jeho oxidov,
vyznamna je i medzikryStalicka a vodikova kor6zia. Kym
oxidacia znamena oslabenie plochy vystuZe, dalSie dru-
hy korézie naru$aji vnitorné véazby a spdsobuju zmenu
mechanickych vlastnosti (pevnost v tahu, prieénom fahu,
taZznosf atd.)

Z hladiska vplyvu korézie na vystuZ s podstatné tri
aspekty:

— zniZenie prierezovej plochy,

— zniZenie pevnosti v fahu,

— zniZenie predpinacieho napétia (predpinacej sily).

result of waterbleed and evapouration (for example in the
anchorage zones and the highest points of calbe ducts).

To check the ducts by endoscope a hole is rilled (10-
12 mm diameter — depending on the thickness of endo-
scope), which crosses the cover layer and the steel tube.
In case of insufficient grouting the state of humidity and
corrosion in prestressing tendons must be checked.

The endoscope enables to make a photograph of the
checked spot (Fig. 1, 2). Uncovering the tendon in the
probe enables direct examination and detailed judgement
on corrosion, but it is difficult and it means negative in-
terference into the structure. The size of non-injected
area and the tightness of cable ducts is determined only
approximately by blowing in compressed air or filling by
compressive water. It is possible to determine quite ac-
curately the volume of ungrouted and sufficiently tight
section by means of vacuum pump, which is a part of re-
injecting equipment. The vacuum pump pumps the air out
of the cavity in the duct, while measuring its volume
which depends on the size of the cavity.

To inspect the grouting there are also other non-de-
structive methods which differ in accuracy and expen-
ses. They are:

— utrasonic method,
- X-raying method,
— Gamma radiography method.

The common disadvantage of these methods is the
neccesity of having full access to opposite surfaces of
the structure. In case of X-raying or gamma radiography
method the obtained shots must be developed, so that
the results are not available during the measuring pro-
cess. As a consequence, these methods are not used in
a large scale.

Scanning by radar or infrared waves are costly and
less efficient and less reliable methods.

Evaluation of inspection surveys of the
state of prestressing tendons

In our country there is no widely accepted procedure for

inspection of the state of prestressing tendons. Based on

several years of experience VUIS-Mosty LTd. made up
the classification of the corrosion grade for prestressing
reinforcement obtained by visual inspection:

- zero corrosion — reinforcement has the original steel-
gray colour,

- slight surface corrosion — slight surface layer which
can be replaced by soft cloth, profile reduction is not
measurable,

— pit corrosion — corrosion in form of spots, forming small
holes weakening the cross-section,

— medium sized surface corrosion — corrosion creates a
surface layer which reduces the diameter up to 0.1
mm,

— intensive surface corrosion — visible crystals and par-
ticles of corrosion products, surface is rough, the pro-
file is weakened up to 0.2-0.3 mm,

- peel off corrosion — products of corrosion are peeled
off the wire, the thickness is reduced more than to 0.4
mm.

The developmet of corrosion of prestressing rein-
forcement is diffrent from the corrosion of mild reinforce-
ment. Besides typical steel corrosion (oxidation of iron
and development of its oxids) development of inter-crys-
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Tabulka 1. Vysledky skisok pevnosti predpinace] vystuie v zévislosti od priemeru vystuie
Table 1. Strength test results of prestressing reinforcement depending on the diameter of wire

Vzorka Priemer vzorky (mm) Sila F_ Pevnost o_ Pevnost o_
Sample Diameter Force Strength Strength
o D1 D2 D3 Dm (kN) (MPa) (MPa)
Al 4,55 4,50 4,55 4,533 28,0 1 735
A2 4,50 4,55 4,50 4,533 275 1 704 1 694 (100 %)
A3 4,60 4,60 4,65 4,617 21,5 1 642
B1 4,30 4,20 4,50 4,333 23,4 1 587 ‘
B2 4,55 4,50 4,55 4533 26,7 1 654 1 580 (93,3 %)
B3 4,40 4,50 4,50 4,467 235 1 500
iy | 4,70 4,55 465 4,633 27,7 1 643
c2 4,55 4,55 4,60 4,567 276 1 685 1 669 (98,5 %)
ca 4,55 4,55 4,55 4,550 273 1 679
D1 2,90 3,20 3,10 3,067 10,0 1 353
D2 3,40 3,80 3,50 3,567 13,8 1 380 1 267 (74,8 %)
D3 3,45 3,40 3,35 3,400 9.7 1 068

ZniZenie prierezovej plochy moZno zmeraf. Problé-
mom je skutognosf, Ze vystuZ sa dodava v tvarovych
toleranciach, t. j. prierez nie je idealne kruhovy, a takisto
v rozmerovych toleranciach. To znamena, Ze men3i uby-
tok 0,1 aZ 0,2 mm je problematické posudit.

ZniZenie pevnosti v fahu nie je dostatoéne experimen-
talne overené a zdokumentované v odbornej literature.
Vo VUIS-Mosty sa preto vykonali skusky z odobranych
vzoriek patentovanych drbtov odstranenych kablov. Po-
sudzovali sa vzorky z tychto typov vystuZe:

- vystuZ bez kordzie — A,

- vystuz s jamkovou koréziou - B,

- vystuZ so stredne silnou kordziou - C,
- vystuZ so Supinkovou kordziou — D.

Vzorky boli zbavené vystuZe, viackrat sa odmeral ich
priemer a v trhacom stroji sa zistila sila, pri ktorej nasta-
lo porudenie. Pevnost o_ bola stanovena zo zistenej sily
pri poruSeni F_ a skutoCnej prierezovej plochy vystuZe.
Vysledky skiSok su v tab. 1.

Na zéklade vysledkov skusok bolo odporucené pre
statické postdenie uvaZovaf z charakteristikami paten-
tovaného drotu uvedenymi v tab. 2.

Velkos! predpinacej sily v prevadzkovanej kon3truk-
cii je ovplyvnena technologickou disciplinou pri vnasani
predpétia, skuto&énym priebehom strat predpéatia a zme-
nou mechanickych vlastnosti predpinacich vystuzi. Preto
je problematické prognézovaf velkos! predpétia len na
zéklade kontroly stavu vystuZe z hladiska korézie.

Vhodné riedenie predstavuje overenie velkosti pred-
pinacej sily zistenim velkosti napéatia v betone, alebo
priamo predpinacej sily vo vystuZi pristrojom na meranie
predpinacej sily. Na zistovanie velkosti napatia v betone
uprednostiujeme metddu uvolfiovania napati jadrovym
vyvrtom. Jej princip je zaloZeny na umelom zasahu do
konStrukcie, ktory spdsobi, Ze v uréitom mieste nastane
nulova napétost. Tato zmena sa prejavi deformaciou na
povrchu beténu a prave meranim tejto deformacie sa sta-
novuje velkost pévodnej napétosti. Prednostou tejto meto-
dy je. Ze umozZfiuje ur&if absolitnu hodnotu napatosti.

Obr. 2. Endoskopicka kontrola predpinacej vystue v duti-
Ne so sadnutou injektaZnou maltou

Fig. 2. Inspection by endoscope in cable duct with settied
mortar

talic and hydrogen corrosion can be found. While oxida-
tion causes reduction of cross-sectional area, the other
kinds of corrosion destroy internal structure and cause
deterioration of mechanical properties (tensile strength,
deflected tensile strength, ductility and others).

Corrosion affects the prestressing tendons in three
important ways:

- reducing cross-sectional area,
- reducing tensile strenght,
- reducing prestressing force.

It is possible to measure the reduction in cross-sec-
tion area. Problems arise from the fact, that prestressing
reinforcement is supplied in shape tolerances. The cross-
section is not exactly circular, and there are also size
tolerances. It means that small reductions ranging from
0.1-0.2 mm are difficult to assess.

Reduction of tensile strength has not been sufficient-
ly verified by experimental methods and there are no
published references. In the company VUIS-Mosty we
have tested samples of prestressing wires in the replaced
cables. The samples of the following types of reinforce-
ment corrosion have been assesed:

- wires with no corrosion — A,

— wires with pit corrosion - B,

— wires with medium sized surface corrosion - C,
— wires with peel off corrosion — D.

The samples were cleaned off corrosion, their cross-
section was measured several times and the force which
caused the ruptures in wires was determined by the ten-
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Tabulka 2. Charakteristiky predpinace| vystuZe v zévislostl od stupiia korézie
Table 2. Characteristics of prestressing wires depending on different degree of corrosion

Stupen korézie Ubytok ¢ Pevnost A_ Maximéalna sila F_
Degree of corrosion Reduction Strength Max. force
(mm) (%) © 4.5 (%) ¢ 7 (%)

1 bez korézie 0 100 100 100
without corrosion

2 jemné povrchova 0 98 98 08
slight surface corrosion

3 jamkova 0 20 20 90
pit corrosion

4 stredne silna 0.1 95 91 92
medium sized surface c.

5 silna 03 85 74 78
intensive surface corrosion

6 Supinkova podfa skut. 70 ¢ skut x 0,7 R,
pell off corrosion measured real diameter

Naij&astejsi spdsob vyuZitia tejto metody je zisfovanie
tlakovej rezervy v priereze, t. |. stanovenie U&innosti
predpatia. Zistené napétie zahffia UZinky, ktoré su viac-
menej stabilizované (vlastna tiaZ, predpatie, objemové
zmeny beténu pod.) a G&inky, ktoré sa vyrazne menia
potas kratkeho &asu (dopravné zataZenie, teplota). Na
kratkych mostoch preto nie je mozZné meraf potas pre-
mévky, pri va&Sich mostoch je nutné zabranit vytvoreniu
zhluku vozidiel na moste po&as merani. Zarovefi je po-
trebné zistif priebeh tepldt v jednotlivych prierezoch, vy-
po&tom uréif napétie od teploty a jeho velkost od ziste-
nej hodnoty napétia odpogitat.

Vysledky diagnostického prieskumu stavu
injektaze na vybranych mostnych
objektoch

V ramci technolégie oprav nedostato&ne zainjektovanych
kablovych kandlikov pracovnici VUIS-Mosty vykonali roz-
siahly prieskum a diagnostiku stavu injektaZe. Zname su
informacie z 11 mostov v Slovenskej republike a v Ces-
kej republike.

Pri diagnostike sa zisfoval stav zainjektovania, tes-
nosf a objem zistenej dutiny. Tento objem bol kontrolny
Gidaj, ktory sa porovnaval s objemom injektaZnej maity,
spotrebovanej pri injektaZi. Na zaklade objemu kéblové-
ho kanalika a objemu vystuZe na dlzke 1 m sa uréila tzv.
teoreticka doinjektovana diZka. Skuto&na dizka mohla byt
samozrejme ind, lebo pévodny nedoinjektovany priestor
sa mbZe nachadzaf nad sadnutou maltou, vyplﬁajacou
dno kanalika.

V tab. 3 st uvedené vybrané (daje z reinjektaZe 11
mostnych objektov. Celkovo sa kontrolovalo 10 242 ot-
vorov, resp. miest, pri ktorych bol predpoklad vyskytu
poruchy zainjektovania dutiny. V 3 731 pripadoch sa
zistila porucha, t. j. nedostatoéna alebo Uplne neusku-
to&nend injektaZ, ktora sa musela opravif zvacsa meto-
dou vakuovej reinjektaZe. Udaje v tab. 3 ukazuju, Ze
poruchy injektaZe na prefabrikovanych nosnikoch a mo-
nolitickych mostnych kon&trukcidch maji €asto rozdielny
charakter a pri€inu.

Pri prefabrikovanych nosnikoch, ktoré sa injektuji na
stavenisku pred definitivnym uloZenim do kon3trukcie

sile test. Tensile strength o_ was determined by the rup-
ture causing force F_ and the real cross-section area of
wires. The tests results are published in Tab. 1, Tab. 2.
shows the characteristics of the coroded wires, obtained
by test results which are reconmended for structure ana-
lysis.

The magnitude of prestressing force in the exploited
structure is detemined by application of technology rules
during the process of prestressing, real volumes of pre-
stressing loss and change of mechanical properties of
prestressing reinforcement. Therefore it is difficult to
predict the magnitude of prestressing on the base of
inspection of the corrosion state in cables.

One of the best solutions is to verify the magnitude of
the prestressing force by measuring stress in concrete,
or by measuring directly hte prestessing force in wires or
strands by prestressing force measuring instrument.

To measure the stresses in concrete we prefere the
holow core drill method. It is based on the action applied on
structure which causes zero stress in sample area. This
change is reflected by deformation on the concrete surface.
By measuring this distortion by gagues we can determine
original stresses. The advantage of this method consists in
the possibility to determine the absolute value of stresses.

This method is most frequently used for detecting
pressure allowance in concrete cross-section, i. e. quan-
tifying prestressing efficience. Stresses in concrete aré
caused by constant effect (structure load, prestressing,
rheological changes in concrete, etc.) and highly chan-
gable effects such as traffic load and temperature influ-
ences. In short bridges is not possible to perform mea-
surement during the traffic, in case of long-span bridges
it is neccesary to alliminate the traffic jam on the bridge
during measurement. We must also find temperature
gradients in different cross-section, calculate stresses
from temperature effects and substract its size from the
estimate value of stresses.

Result of inspection of grouting state
in selected bridges

In the research of rehabilitation technologies for incom*
pletly grouted cable ducts, VUIS-Mosty Ltd. performed
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prevaZuje najma porucha nedoinjektovanych usekov v
kotevnych oblastiach v diZke 0,5 aZ 2 m, &o predstavuje
asi 5 % diZky kéablového kandlika. Této porucha je spd-
sobena nadmernym sadnutim malty, ktoré velmi fahko
mbZ%e nastaf, ak sa pri technologickom postupe vyroby
malty nedodrZi poZadovany vodny suginitel injektaZnej
malty. Pri tychto prefabrikovanych nosnikoch sa vyskytli
i dalSie typy portch, napr. Upine nezainjektovany kabel,
vytetena malta z dutiny atd. Tieto poruchy sa ale Statis-
ticky vyznamne neprejavili v danom subore poruch.

Pri monolitickych mostnych konstrukciach sa vo vaé-
&ej miere prejavujlu prave poruchy nezainjektovania ce-
lych, resp. vyrazne dihych Easti kablovych dutin, ktoré
su sice po&tom nie &asté, ale ide o poruchy vaésieho
rozsahu.

Je niekolko priéin, Ze druhy a rozsah portch pri obi-
dvoch typoch mostnych predpatych konStrukcii si roz-
dielne. Prefabrikované nosniky sa sice injektuju na sta-
venisku, ale prakticky na medziskladke s relativne dob-
rym pristupom k injektaznym, odvzdusfiovacim a vytoko-
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extension survey and inspection of grouting, thus ga-
thering data from 11 bridges in Slovak and Czech
Republic respectively.

During the isnpection quality of grouting tightness and
volume of indicated cavity was detected. The volume of
cavity was compared to the volume of grouting mortar
used at repair to secure the required quality of repair.
The volume of cable duct and volume of reinforcement
within 1 m length determined the teoretical length of the
re-grouting cable.

The real length can differ from the theoretical one, as
the original non-grouted space can be situated above
settled mortar, which fills the bottom of the duct.

Tab. 3 shows the selected data from the repair (re-
grouing) of 11 bridges. The total number of inspected
cavities or spots with hight probability of deteriorations is
10 242.

In 3,731 cases incompletely grouted or ungrouted
ducts were found which had to be injected by vacuum
re-grouting method.

Tabulka 3. Vybrané Gdaje z reinjektaZi mostnych objektov v SR a CR
Table 3. Some data from the repair of bridges in Slovak and Czech republic

fslo | Opis konStrukcie, rok inejkiaZe Potet Potet (%) Celkové reinjektovand | Priemernd, reinjektovand
No. | Type of structure, year of repair kontrolovanych| nezainjektovanych | dizka (m), resp. objem | dfZka (m), resp. objem
otvorov otvorov dutin (1) dutiny (1)
Number Number (%) Total repaired Average length
of inspected of incompletely | length (m) and volume of repaired cavity (m)
holes grouted cavities of cavities (1) and their volume (1)
1 15-pofovy cestny most, prefabrikované 4 B60 1035 (21.3 %) 1554m 1.5m
nosniky, CR 1994 35751 3451
15-span road bridge, precast beams
2 5-pofovy dialnitny most, prefabrikované 1 487 978 (65,8 %) 1233 m 1,26 m
nosniky 1-67/30 m, CR 1994 14801 1,511
5-span highway bridge, precast beams |-67
3 2-pofovy dialnitny most, prefarikované 896 248 (27.6 %) 470 m 1.9m
nosniky KA 73/18 m, CR 1995 288 | 1,161
2-span highway bridge, precast beams KA
4 | 3-polovy cestny komdrkovy most, CR 1995 nezndmy 326 603 m 185m
3-span road box girder bridge unknown 7001 2141
5 2-polovy trdmovy predpdty monoliticky 600 129 (21,5 %) 770 1 5971
cestny most, CR 1995
2-span girder monolithic bridge
6 5-polovy cestny most, prefabrikované 256 96 (37.5 %) 127 | 1,331
nosniky 1-73, SR 1996
5-span road bridge, precast beams |-73
T 2 jednopolové dialniéné mosty 160 75 (46,9 %) 87 m 1,16 m
prefabrikované nosnfky 1-74/30 m, CR 1996 94 | 1,251
2 single highway bridges, |-73 beams
] 2 dialnitné mosty po 4 poliach 462 284 (61,5 %) 250 m 09m
prefabrikované nosniky 1-67/27 m, CR 1997
2 highway 4-span bridges |-67 beams
9 3-polovy cestny most, prefabrikované 1138 686 (60,3 %) 24701 361
nosniky, CR 1997
3-span road bridge, precast beams
10 | 2 dvojpolové dialniné mosty, monolitickd 96 6 (6,3 %) 951 1581
predpatd komdrkova konstrukcia, CR 1997
two 2-span highway bridges, monolitic
concrete box girder
11 | 5-polovy spojity monoliticky komdrkovy 287 194 (67,6 %) 1086 m 56m
predpaty most nad dialnicou, SR 1997
5-span monolithic concrete box girder
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vym otvorom. DlZka nosnikov nepresahuje 30 m, &o
umoZfiuje kontrolu injektaZe i v miestach stykov prvkov
nosnikov. Ozna&enie, poloha a vzéjomnéa prepojenost
injektaZnych a vytokovych otvorov sa pri nosnikoch
opakujii a umoZfiuju rutinni a zabehnutd pracu.

Monolitické alebo segmentové predpété spojité most-
né konstrukcie maiju naproti tomu pomerne dihsie drahy
kablovych kandlikov, ktoré su &asto vedené a oznacené
komplikovane. Takisto &asto nie je moZny staly pristup k
celej kon&trukcii po&as injektaZe, a tym aj jej kontrola.
InjektaZna stprava sa na takychto konstrukciach musi
prestvat, pristup a pracovny priestor pri niektorych in-
jektdZach mozZe byf faZko pristupny. Tieto technologické
podmienky sa ako priginy nekvalitného injektovania
prie&nej vystuZe prejavuju i na mostoch z prefabrikova-
nych nosnikov. Prieéna predpéta vystuZ sa takisto injek-
tuje aZz po uloZeni nosnikov na opory a technologické
podmienky injektaZe tejto vystuZe si podobné ako pri
monolitickych mostoch. Pri segmentovych konStrukciach
sa vyskytuje i problém kvalitného napojenia injektaZnych
kanalikov v miestach stykov segmentov a moZnosf vy-
skytu vzéjomného neZelaného prepojenia kéblovych
dutin, resp. nezistitelného a neopravitelného vytoku in-
jektaZnej malty podas injektaZe, pretoZze miesta vytoku
malty nemusia byt operativne pristupné.

Pre podrobnej&i rozbor prigin portch injektaZe sa daju
aplikovat i daldie informacie ziskané pofas reinjektaz-
nych prac, napr. podrobnejSie Statistické rozdelenie jed-
notlivych kategéril velkosti nezainjektovanych dlZok. Tie-
to poznatky méZu pomdct pri odhade mnoZstva potreb-
nych reinjektdZnych prac pri planovani rekonstrukcii
mostov, ako aj pri tvorbe podmienok spolahlivosti ochra-
ny predpatej vystuZe v zavislosti od technologickych
postupov a podmienok v metodikach navrhu alebo hod-
notenia spolahlivosti mostnej konStrukcie.

Zaver

Nedostato&ne zainjektované kablové dutiny patria medzi
typické poruchy modernych predpéatych mostnych kon-
Strukcii. Uvedenej problematike diagnostikovania, klasi-
fikovania a oprav poruch kablovych dutin sa venuje zvy-
Sena pozornost a su su€asfou vyskumného programu. V
ramci neho bolo vyvinuté zariadenie pre vakuovu rein-
jektaz a nové druhy modifikovanych injektaZznych malt s
vy&8imi kvalitativnymi parametrami (nizke sadanie, mini-
malne zmrasfovanie a vy38ia pevnosf). Vysledky sa
uspedne aplikovali pri opravach mostov.
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The data in Tab. 3 show that incomplete grouting in
prestressed beam bridges and cast in situ concrete brid-
ges have often different character and cause.

In precast post-tensioned concrete beams, which are
injected in situ before assembling the most frequent
deterioration are the ungrouted parts of cable ducts in
anchorage zone troughout the length 0.5-2 m, which
represents 5 % of cable duct length. This effect is caused
by bleeding of mortar, which can occur during the mixing
process when w/c — ratio has not been observed. In the
precast beams also other types of damages occured,
i. e. completely ungrouted tendon, leaking mortar from
duct, etc. These damages are not statisticaly consider-
able in the observed group of damages.

In monolithic concrete bridge structures occur also
ungrouted cavities of great lengths. They are less fre-
quent, but more dangerous.

There are several reasons why the two kinds of pre-
stressed concrete bridge structures show damages of
different kind and size. The precast beams are grouted
in situ but there is a good access to grouting holes, vents
and outlet holes. The beams are usually not longer than
30 m, which enables grouting inspection to be performed
even in the joints of beams elements. Location of grou-
ting and outlet holes is constant and therefore easy to
work with.

Monolithic or segmental multispan bridges have lon-
ger cable ducts with complicated rout of cables. This type
does not enable free acces to the structure and there-
fore the throrough inspection is not possible. Grouting
equipment must be replaced and in some grouting posi-
tion the access is difficult. These technological conditions
cause problems during grouting in transverse pre-
stressed tendons in bridges assembled from precast
beams. Transverse prestressed tendons are grouted af-
ter assembling. Technological conditions are similar to
those in monolithic structures.

In case of segmental structures the problem is high
quality connection of cable duct in segment joints or
slight leakage of grout mortar.

The analysis of causes of incomplete grouting cable
ducts can contribute to define the volume of repair works
when organizing bridge rehabilitation programme. This
analysis can be applied in stating the rules and regula-
tions of protection of prestressed reinforcement arising
from technologies and conditions of application. The
output of this analysis can be applied in reliability anal-
ysis of bridge structures.

Conclusion

Incompletely groutech cable ducts are a typical damage
in prestressed concrete bridge structures. The above
mentioned problems of diagnostics, inspection and clas-
sification of damages in grouted ducts are paid special
attention in the research programme in Slovakia. In this
programme we have developed special equipment l!or
vacuum grouting and new types of modified grouting
mortars with higher parametres (low bleeding, mir\if_"al
shrinkage and higher strength). These results are applied
in the repair of incompletely grouted cable ducts.

The actual situations in materials and technologies
resulting from research enables higher level of bridge
rehabilitation.
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Obnova a zosilnenie predpatia viaduktu

Podturen

Rehabilitation and strengthening of the Podturei viaduct
prestress

Ladislav BUCI

Viadukt Podturefi prevadza dialnicu D1 pri Liptovskom
Mikulasi na dizke 1 038 m cez &iroké udolie rieky Vah a
vo vyske do 35 m nad terénom. Postaveny bol v rokoch
1979 aZ 1983 technolégiou letmej montaZe (obr. 1).

Obr. 1. Celkovy pohfad na viadukt
Fig. 1. General view of the viadukt

Potas 15-roénej prevadzky mosta boli pozorované na
fiom niektoré nedostatky rézneho pdvodu. Hlavné z nich
suvisia so zatekanim z vozovky do nosnej konstrukcie a
cez kontaktné Skary medzi segmentami ku kablom pred-
pinacej vystuZe. Ich Zivotnost mdZe byf velmi ohrozena
koréziou najméa v miestach, kde nie su dostato&ne chra-
nené injektaZou. Aj z tychto dévodov, na zéklade roz-
siahleho overenia kvality pdvodnej injektaZe a stavu
kablov, analyzy pozorovanych trhliniek a pretvoreni, sa
rozhodlo o sanécii predpatia.

Situaény opis premostenia

Viadukt tvoria dva sibeZné samostatné objekty, navrh-
nuté ako spojité nosniky, s rozpétiami poli 58 aZ 70 m.
Nosna konstrukcia kaZdého z nich je delena na 3 dila-
la‘éné celky, vzajomne spojené kibami uprostred skrate-
nych poli. V prieénom smere ma nosna konétrukcia ko-
morkovy prierez stéalej vysky 3,8 m (obr. 2).

Spdsob predpétia nosnej konitrukcie zodpoveda
technolégii vystavby (obr. 3). PouZité su kéble z lan 10
¢ Lp 15,5/1 600 s velkosfou predpinacej sily 1 160 kN.

Ing. Ladislav Buci, CSc. - Dopravoprojekt, a. s. Bratislava.

The D1 motorway near Liptovsky Mikul&3 crosses a wide
valley of the river Vah by the 1,038 m long viaduct Pod-
turefi some 35 m above the ground level. The bridge was
built during 1979-1984 free cantilever method (Fig. 1).

During 15 years of its operation, some defects of
different origin have been observed. The major ones are
related to leaking from the bridge carriageway into the
cells of ist superstructure and to prestressing cables
through joints between precast segments. The cables
durability may thus be seriously jeopardised by corrosion,
in particular at places insufficiently protected by grout-
ing. For this and some other reasons, and based on an
extensive quality inspection of the original grouting and
condition of cables, and an analysis of cracksand deflec-
tion, it was decided to carry out remedial works.

A brief description of the bridge

The viaduct consists of 2 parallel independent structures
designed as continuous beams with spans of 58-70 m.
The segmental superstructure of each of them has been
divided into 3 dilatation units, interconnected by expan-
sion joints in the middle of the shortened spans. In its
cross-section, the superstrucutre is of box girders of
constant height of 3.8 m (see Fig. 2).

The prestressing cables layout is in compliance with
the applied method of construction (Fig. 3). The cables
used consist of 10 strands ¢ Lp 15.5 mm/1,600 with pre-
stressing force of 1,160 kN/cable.

Defects observed and their reasons

All defects observed and diagnosed (except for leaking,
which will be remedied by water-proofing membranes
replacement) are related to the deck prestressing and are
the following:

— cracks in superstructure webs,
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Obr. 2. Pozdliny a prieény rez mosta

Fig. 2. Longitudinal and cross section of the bridge (sche-
me)
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Obr. 3. PozdiZny rez usporiadania kablov

a — horné kable, rady A, B-E, b - doiné kable, rad F, ¢ -
pozorované roztvorenia $kar a Sikmé trhlinky, d - zmrasfo-
vacle Skary

Fig. 3. Cables layout - longitudinal section

a — cables at the level of the upper flange (A, B-E), b -
cables at the level of the bottom flange (F), ¢ — observed
opening up of joints and inclined cracks, d - shrinkage
cracks on both sides of the cast in situ segment

Pozorované nedostatky a ich pri¢iny

Vietky pozorované a diagnostikované nedostatky okrem
zatekania, ktoré bude odstranené vymenou izolacie na
viadukte, suvisia s predpatim nosnej konstrukcie. Ide o:
— trhlinky v stenach nosnej konstrukcie,

— linearny narast trvalého pretvorenia v poliach s klbom,
— nedostatoéné zainjektovanie kablovych kanalikov,

— kor6zia predpétej vystuZze a neudplnost kablov.

Trhlinky v stenach nosnej konStrukcie

Trhlinky sa vyskytuju obycajne v polohe, kde su ukotve-
né kable radu F v spodnej doske komorky. Ich Sirka sa
pohybuje v rozmedzi 0 az 1,1 mm. Spbsobené su skra-
tenim dolného viakna konstrukcie od predpatia tymito
kablami na dizku L. z dévodov spojitosti nosnej konStruk-
cie a dotlatenim Skar od zmraStenia monolitického seg-
mentu po jeho stranach uprostred rozpétia (obr. 3).

Linearny narast trvalého pretvorenia v poliach
s klbmi a stav v poliach bez klbov

Maximalne trvalé priehyby aj pri max. [ = 70 m dosahuiju
15 az 32,9 mm, o je 1/2100 rozpétia a netreba im ve-
novaf pozornosf.

Podstatne vacésie priehyby su uprostred skratenych
poli s kibom pri rozpati 58 m, kde dosahuju hodnoty 44
az 63 mm a narastali priblizne linearne. Tieto priehyby
nie su dosledkom straty predpatia, pretoZe nad piliermi v
kibovych poliach neboli pozorované Ziadne trhlinky. Su-
visia so spojitostou Stihlej nosnej kon3trukcie a pomerom
diZok prifahlych poli k pofu s kibom (obr. 4).

Nedostatoéné zainjektovanie kablovych kanélikov

Problémy s injektaZou kablovych kandlikov su veobec-
ne zname. V pripade viaduktu Podtured prvym signalom
boli pozorované vytoky vody z nevyplneného priestoru
za kotvami. Nasledne potom spréavca objektu Riaditelstvo
dialnic vykonal endoskopicku kontrolu stavu zainjektova-
nia kablov [3]. Z vykonanych vySetreni v 1 060 polohach
(100 %) bolo zistené, Ze priblizne len 29,5 % kablov je
spravne zainjektovanych.

Vysledky zhodnocuiju stav kébla len v kontrolovanom
otvore, podfa toho &i bol, alebo nebol zainjektovany.
Vyjadruju presne Ciselny stav, ale len orientaéne skutoé-
ny stav jeho zainjektovania.

iS

— linear increase of permanent deformation in spans with
expansion joints,

— insufficient grouting of cable ducts,

- corrosion of prestressing cables and cables incomple-
teness.

Cracks in superstructure webs

Cracks usually appear at places where the F type cables
are anchored in the bottom flange of the box. They are
0.1-1.1 mm wide. They have been caused by shortening
of the box bottom fibre from prestressing by these ca-
bles at a length of L_ due to the continuity of the super-
structure and by pressing the shrinkage cracks in the
middle of the span (Fig. 3).

Linear increase of permanent deformation in
spans with expansion joint and situation in other
spans

Even in the longest span with / = 70 m, maximum perma-
nent deflections are between 15.0-32.9 mm, i. e. 1/2100
of the span and thus do not require any special atten-
tion.

Considerably larger deflections are in the middle of
the shortened 58 m long spans with expansion joints.
They are within a range of 44-63 mm and increase ap-
proximately linearly. The mentioned deflections have not
resulted from prestress losses, as no cracks have been
observed over the piers of the shortened spans. They
result from the continuity of a slender superstructure and
the ratio of the lengths of adjacent spans to the shor-
tened on (Fig. 4).

Insufficient grouting of cable ducts

Problems related to grouting of calbe ducts are generally
known. In the case of the Podturef viaduct, the first in-
dication of grouting failures was water outlet from the
unfilled space behind the cable anchors. Following these
observations, the bridge owner (Slovak Road Adminis-
tration) carried out endoscopic verifications of the cables
grouting [3]. If the number of spots tested (1,060) is
100 %, approximately 29.5 % of them were grouted
adequately.

The results represent an assessment of the cables
situation in the tested spots only with a view whether or
not the cable has been grouted. They express exactly
the numerical situation, but only roughly the real situa-
tion of grouting.
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Obr. 4. Trvalé priehyby uprostred kibovych poli
a - vplyv spojitosti a pomeru poli na pokles, b - priblizne
linedrna tendencia narastania priehybu v poli 5-6 a 11-12

Fig. 4. Permanent deflection in the middle od span with
expansion joint

a — effect of continuity and spans ratio on the deflection,
b - approximately linear trend of the deflection increase in
span 5-6 and 11-12

i
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Obr. 5. Pohlad na kotvu v rurke nezainjektovaného kabla a
chybajice lano
Fig. 5. View of anchor in the ungrouted cable duct and
strand missing

S ciefom prediZif Zivotnost pévodného predpétia bola
vykonana reinjektaZ kablov. Praca je vysoko odborne
naro&na, ale s malou spolahlivostou (obr. 6). Reinjekto-
vany bol preto len horny rad hornych kéablov a dolné
kable radu F, ktoré treba zachranif vzhladom na ich
Uginnosf. Ostatné horné kable moZno nahradif volnymi.

Korozia predpatej vystuZe

Rozsah korézie sa odhadoval podia:

a) overenia stavu skorodovania in situ. Korozivny
prieskum predpinacej vystuZe vykonal VUIS-Mosty [4].
Overeny bol stav na 10 kabloch v 7 polohach s vysled-
kami:

- Ubytok hmotnosti vplyvom povrchovej korézie 0,21 a?
0,65 %,

- Ubytok pevnosti vplyvom aj interkrystalickej kordzie 0
az 4.8 %.

Pri prieskume boli zistené aj daldie skuto&nosti:

- neddsledné predpétie — prekrizenie 1an v kabli,
- neupiny polet lan v kdbloch — v 2 odkrytych kabloch
polet lan bol 6 a 8 namiesto 10 (obr. 5).

KedZe pochody Setreni boli volené v miestach s vidi-
telnymi poruchami, nemoZno ziskané vysledky zovseo-
becnif pre cely viadukt;

b) normovych (dajov potvrdenych skutoé&nosfou.
Rychlosf korézie zavisi od makro- a mikroklimatickych
podmienok, v ktorych sa predpéta vystuz nachadza, vy-
jadrenych korozivnou agresivitou prostredia podfa
€SN 03 8203/79. Pre jej 3.—4. stupen je zodpovedajlica
ustalena rychlost korézie 25 um/rok resp. 40 um/rok, ak
treba poéitat aj s uinkom chloridov. Tieto podmienky
zodpovedaju stavu mosta cez Hron v Tima&och, ktory
mal podfa nich kolapsovat po 20 rokoch. Stalo sa tak po
22 rokoch, t. j. prakticky v zhode. Ak uvaZime, Ze viadukt
Podtured je v rovnako agresivnom prostredi, normova
Zivotnos! jeho nedostatoéne chranenej predpétej vystu-
Ze by sa dostala do kritického stavu po priblizne 18 ro-
koch (obr. 7). Vysledky korozivnej diagnostiky VUIS-
Mosty takyto stav nastastie nepredpokladaju, ale spolah-
livost predpatia treba zabezpedit.
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To increase the durability of the original prestressing
re-grouting of cables was carried out. This is a very
exacting work, however, with a low reliability (Fig. 6). Due
to this fact, only the cables at the level of the upper
flange A and of the bottom flange F were re-grouted, as
these need to be saved for their effectiveness. The re-
maining cables may be replaced by external ones

Corrosion of the prestressed steel

The extent of corrosion was assessed according to

a) the verification of corrosion situation in situ. The
corrosion survey of the prestressing cables was carried
out by VUIS-Mosty [4]. 10 cables in 7 positions were
verified with the following results:

— decrease of weight as a result of surface corrosion
0.21-0.65 %

— decrease of strength as a result of inter-crystalline
corrosion 0-4.8 %.
In the survey, some other facts have been discovered
- inconsequent prestressing — crossing of strands in a
cable

- incomplete number of strands in the cables - in case
of 2 cables uncovered, the number of strands was 6
and 8 instead of 10 (Fig. 5).

As the survey spots were selected at places with vi-
sible defects, the results obtained cannot be generalised
for the whole viaduct.

b) standard data confirmed by reality. The pace of
corrosion depends on macro- and micro-climate condi-
tions of the prestressed steel, which is represented by
the ambient corrosion aggressiveness in technical stan-
dard CSN 03 8203/79. Its grade 3—4 represents a stabi-
lised pace of corrosion of 25 um/year, respectively 40
um/year, if the effects of chlorides are to be considered
These conditions correspond the ones of the Timade
bridge over the Hron river, which — according to them —
should have collapsed in 20 years. This happened after
22 years, i. e. in fact the forecast was true. Considering
the fact that the Podturefl bridge has the same aggres-
sive environment, the standardised durability of its insuf-
ficiently protected prestressed reinforcement would get
into critical situation after 18 years approximately (Fig.
7). The results of the corrosion diagnostics performed by
VUIS-Mosty have not luckily indicated the situation,
however, the prestressing reliability has to be assured.
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Obr. 6. Vyhodnotenie vysledkov reinjektaZe kablov
a — uspesnosf realizicie podia poctu kablov, b - uspesnost
realizacle podla zainjektovane| diiky

Fig. 6. Re-groutin of cable ducts — assessment of results
a - succes rate of re-grouting by number of cables, b -

succes rate of re-grouting by length grouted
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Obr. 7. Prirastok napati v predpinace] vystuZi od korézie
Fig. 7. Stress increments in prestressed steel from corrosion

Koncepcia opravy predpétia

Zatekanie z vozovky do kontaktnych Skar s hornou ne-
dostato&ne chranenou predpétou vystuZou mbze vply-
vom korézie spdsobif také jej oslabenie, Ze tato v buduc-
nosti neprenesie velké zaporné momenty od vlastnej tia-
7e nosnej kon&trukcie, zodpovedajlce technoldgii letmej
montaZe. D&jde potom k redistriblicii momentov od pilie-
rov do stredu rozpétia, s vyslednym stavom ako na kon-
Strukeii budovanej na skruZi (obr. 8). Tieto prerozdelené
momenty je moZné jednoducho a U&inne zachytit novymi
volnymi kéblami uprostred rozpati i nad piliermi, ako to
je riesené v dokumentacii.

Velkosf a rozsah predpétia volnymi kablami

V z&ujme vylu&it akykolvek kriticky stav v budicnosti, boli
zhodnotené pri nvrhu zosilneni volnymi kablami (VK) 2
extrémne pripady:

A. Pévodné kable (K) maji G&innost 100 %, zmense-
ni o 4,8 % z dovodu ich korodovania. Volné kable sa
doplnia len na pokrytie zvySeného Uginku zataZenia pod-
fa novelizovanej STN 73 6203/86.

B. Pévodné kable si 100% nedginné. Redistribuova-
né momenty vyZaduju predpnif 68 novych VK.

C. Kone&ny navrh — reSpektované kritéria podfa A a
rezervné VK na pokrytie U&inkov od ogakdvanej korbzie
nezainjektovanych kablov (obr. 9).

Pre doplnenie pripadnych dalich VK pre moZny stav
B v budiicnosti na zaklade priebeZného monitoringu su
v komérke NK potrebné priestorové rezervy.

Optimalizacia usporiadania VK v komoérke

Velka dizka premostenia a obmedzené priestorové moz-
nosti v komérke prierezu pre zriadenie kotevnych blokov
a prieénikov deviatorov viedli k alternativnemu rieSeniu
usporiadania VK a deviatorov v pozdiZnom aj prie&énom
smere:

® pozdizny smer. Minimalizécia po&tu kotevnych blo-
kov vyZaduje vaésie dlzky VK. Z kéblov variantne vede-
nych cez 2, 3, 4, 5 poli sa volila dizka 245 m zodpove-
dajuca pre 4 polia. Vyhoda oproti kdblom cez 2 polia je
zrejma z obr. 10;

® prieény smer. Stlaanie Sikmych trhliniek vyZaduje,
aby vertikalne zloZky predpinacej sily VK posobili zdola.
PouZité rieSenie so Zelezobeténovym prieénikom kotve-
nym do steny komérky trhlinu stlaga (obr. 11);
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Obr. 8. Priebeh momentov v poli s /=70 m

a - konzolovd montaZ-vlastné tiaZ, b — konzolova montaz-
hlavné zafaZenie, ¢ — redistribuované G€inky-hlavné zafa-
Zenle

Fig. 8. Course of moments in a span of /=70 m

a - cantilever method-dead weight, b — cantilever method-
principal load, ¢ - redistributed effects-principal load

Concept of the prestressing repair

Leaking from the bridge carriageway into contact joints
with insufficiently protected cables arranged at the level
of the upper flange, may — due to corrosion — lead to
such cables weakening, that they would not be able to
carry large negative moments from the superstructures
dead weight, related to the cantilever method of erection,
in the future. This would lead to a re-distribution of mo-
ments from piers to the middle of the span, with a result
as if the structure was casted in situ on a falsework (Fig.
8). These redistributed moments may, however, easily
and effectively be caught by external prestressing in the
middle of spans and over the piers, just as shown in the
documentation.

Size and scope of external prestressing

In order to prevent any critical situation in the future, two
extreme cases have been considered in the design of
external prestressing.

A. The effectiveness of the original cables is 100 %,
decreased by 4.8 % due their corrosion. External cables
would be added only to cope with the increased bearing
capacity in compliance with the amended technical stan-
dard STN 73 6203/86.

a C
=52 u_n b el

I -

3H /u-u-u =32 el nel b

Obr. 9. Rozsah dodatoéného predpitia volnymi kablami
a - pdvodné predpitie LV =52 + 12=64, b - riedenie pre
stav B I VK = 24 + 44 = 68 > 64, ¢ — koneé&ny stav I VK =
=12 + 16 = 28 < 68

Fig. 9. Scope of additional external prestressing
a - original prestressing, b - design for situation B, ¢ -
final design

e —
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Obr. 10. Optimalizdcie usporiadania kéblov v pozdiznom
smere

a - min. dizka VK 105 mm a 8 blokov, b — max. diZka VK
245 m a 4 bloky

Fig. 10. Optimisation of calbes layout in length
a - min. length of cables 105 m and 8 blocks, b - max.
length of cables 245 m and 4 blocks

® (prava VK v poliach s kibmi. Z priebehu trvalych
pretvoreni nosnej konstrukcie ako celku je zrejmé, Ze
pomerne velké hodnoty priehybov v poliach s kibmi su
désledkom pretvoreni vedlajSich poll. Zmen3it tento ne-
gativny dopad je moZné len vedenim volnych kablov v
prifahlych poliach pri hornom povrchu prierezu (obr. 12).
Manipulacia s vySkovym usporiadanim kéablov v konzole
klbového pola ma na velkost priehybu na konci konzoly
maly vplyv (obr. 13).

Zvlastnosti rieSenia pri oprave

Dodato&né zabudovanie volnych kadblov do nosnej kon-
Strukcie znamenda zavedenie takych novych silovych a
momentovych impulzov do nej, na ktoré nebola navrhnu-
t4. Kotevne bloky volnych kéblov a kotvenie deviatorov
treba preto rozmiestnif velmi uvaZene.

Kotevné bloky kablov

Navrhované s pre dvojice VK. Umiestnené su vidy v
oblasti pilierov, kde je dolna doska komérky zosilnena a
je v nej dostatoZna tlakova rezerva od vlastnej tiaZe
nosnej konatrukcie (obr. 14). Tahové, tzv. unasacie na-
pétia, ktoré vznikaji za kotvami blokov, si z rezervy
od&erpajl len &asf, takZe nembZe nastat porusenie dol-
nej dosky.

Prieéniky (deviatory) pre devidciu VK v poliach

Volné kable si deviované vidy .pred® trhlinkami v 3
poloh&ch tak, aby nastalo dvihanie dolnej &asti prierezu
od vertikalnej zloZky VK (obr. 13).
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Obr. 12. Poloha kéblov v poliach prifahlych polu s kibom

Fig. 12. External cables layout in a span adjacent to that
with expansion joint

B. The original cables are 100 % ineffective. The
redistributed moments would require prestressing of
another 68 new external cables.

C. Final design — respected criteria under A plus re-
serve external cables added to cope with the effects from
the expected corrosion of cables not grouted (Fig. 9).

To potentially add some extreme external cables in
case B in the future (resulting from a continuous moni-
toring), the superstructure boxes have sufficient extra
space.
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Obr. 11. Polohy prieénika pre devidciu kablov

a - pozdiZny rez NK a stlaéanie Sikme] trhlinky, b - prieé-
nik stiaéa trhlinku zvonka, c - prieénik roztvéra trhlinku
zvnitra, d — pouité riedenie

Fig. 11. Location of cables deviating beam

a - superstructure longitudinal section and pressing the
inclined crack together, b — the beam pressing the crack
together from outside, ¢ — the beam opening the crack from
Inside, d - design applied

Obr. 13. Vplyv spojitosti NK a usporiadania VK na priehyb
v kibovom poli

a - ohybové &iara od g, b - tvary kdbla a zodpovedajice
priehyby na koncl konzoly od N = 1,97 MN na kabel

Fig. 13. Effect of superstructure continuity and of external
cables layout on deflection

a - deflection line due to g, b - calbe layout and the res-
pective deflections at the cantilever end due to N = 1.97
MN/cable

InZinierske stavby, ro&. 46, 1998, & 1-2
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Obr. 14. Usporiadanie kéblov

a - pozdiZny rez a polohy prieénikov (deviétorov) a kotev-
nych blokov, b - prieény rez a tuhy prieénik s priehybom
M od sil V

Fig. 14. Layout of external cables

a - longitudinal section and location of cross-beams (de-
viators) and anchoring blocks, b — cross-section and a stiff
cross-beam, with course M from forces V

V prieénom smere komorky su vertikalne zloZky za-
chytené deviatorom v prieéniku, ktory je uchyteny do
stien komérky. Jeho ohybova tuhost musi byf tak velka,
aby preniesol prakticky cely M a do stien presio len tol-
ko, kolko je ich momentova kapacita, dana strmefimi
(obr. 14).

Devidcia VK nad piliermi

V tejto polohe pre deviaciu st vyuZité povodné prieéni-
ky. Kvéli ich minimalnym rozmerom a naru$eniu pvod-
nej vystuZe otvormi pre deviatory sa museli zosilnif dal-
§im Zelezobeténovym prie&nikom.

Horizontalne zloZky od volnych kablov v deviatoroch
su zachytené Sikmymi ocelovymi vzperami (obr. 16).

Obr. 15. Celny pohlad na prieénik (devidtor)
Fig. 15. Front view of a cross-beam (deviator)

iS

Optimisation of external cables layout in the
bridge deck boxes

The length of the bridge and limited space for the an-
choring blocks and deviator crossbeams layout in the
boxes have led to an alternative design of cables ar-
rangement both in length and crosswise:

® in length. Minimisation of the anchoring blocks
number would require cables of higher lengths. For cab-
les, optionally led over spans 2, 3, 4 and 5, a length of
245 m was selected, which corresponds to 4 spans. The
advantage compared to cables over 2 segments is ob-
vious from Fig. 10;

® crosswise. Pressing the inclined cracks requires
the vertical components of the cable forces to act from
the bottom. The applied a reinforced concrete beam an-
chored in the box webs results in compressing the crack
(Fig. 11);

@ external cables layout in spans with expansion jo-
ints. From the course of the structure deformations as a
whole it is obvious, that high values of deflections in
spans with expansion joints result from deflections of the
adjacent spans. This negative effect may only be redu-
ced by running the external cable in the adjacent spans
at the cross-section upper flange. Intervention to the
height arrangement of cables in the joint spans with
expansion joint has only small effect on the deflection
magnitude at the cantilever end (Fig. 13).

Strengthening design specialities

Additional incorporation of new cables into the super-
structure also means introducing such new forces and
moment impulses, for which its has not been designed.
As a result, the layout of cables anchoring blocks and
deviators anchoring must be performed very carefully.

Anchoring blocks of external cables

These have been designed for couples of cables. They
are placed near the piers, where the lower box flange is
thicker reinforced and has a sufficient pressure reserve
from the dead weight of the superstructure (Fig. 14). The
«carrying tensions" developed behind the block anchors
would only take a part of the reserve, so that the bottom
flange may not be disturbed.

Cables deviation in the spans

The external cables are always deviated ,in front of* the
cracks in three positions, so that the bottom part of cross-
section would be lifted by the cable force vertical compo-
nent (Fig. 14).

In the box cross-section, the vertical components are
held by a deviator in the cross-beam, which has been
fixed in the box webs. Its bending stiffness must be high
enough to carry practically the whole M and to transfer
as much to the webs only as their moment capacity is,
given by the stirrups (Fig. 14).

Cables deviation over piers

In this location, original cross-beams have been used.
Due to their minimal size and disruption of their original
reinforcement by deviator openings, they needed addi-
tional reinforcement with another reinforced concrete
cross-beam.
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Obr. 16. Deviadtory nad piliermi

a - prieény rez, b — pozdiiny rez: 1 - zosilfiujaci prieénik,
2 — §lkmé vzpery

Fig. 16. Deviators over plers

a - cross section, b - longitudinal section: 1 - reinforcing
cross-beam, 2 - skew struts

Ué&innost vofnych kablov

Uginnost volnych kablov bola overena sledovanim trva-
lych pretvoreni nosnej konstrukcie s odstrdnenou vozov-
kou a porovnanim stavu pred a po predpéti volnych kéab-
lov (obr. 17).

Zaver

Zaznamenany stav pretvorenia podla obr. 17 potvrdzuje,
Ze NK po predpnuti VK sa sprava podla oéakédvania a
pini hlavné sledované ciele:

— zastavif daldie roztvaranie Skar medzi segmentami a
zvatSovanie pozorovanych trhliniek,

- zvysif zafaZovacie Uinky na viadukte podfa novelizo-
vanej STN,

- vytvorif rezervy v predpéti pre pripad vyradenia &asti
pbvodnej predpatej vystuZe kvéli korézii. V kritickom
priereze uprostred max. rozpétia zo sucasne dopnu-
tych 16 novych VK rezerva tvori 50 %.

Zucastnené organizécie:

— obstardvatel: Slovenska sprava ciest Bratislava,

— projektant: Dopravoprojekt, a. s. Bratislava,

- zhotovitel: InZinierske stavby, a. s. KoSice.
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Obr. 17. Priebeh pretvorenia NK po napnuti volnych kéblov
a - priehyby NK oéistené od sadnutia pilierov, b — zamera-
né sadnutie pillerov (mm)

Fig. 17. Deflection curve of superstructure after spanning
the external cables

a - deflection of superstructure abstracted from pier settle-
ment, b — measured settlements of plers (mm)

The horizontal components of forces from external
cables in the deviators have been caught by skew steel
struts (Fig. 16).

Efficiency of external prestressing

The efficiency of external cables has been verified by
monitoring the permanent deflections of the superstruc-
ture with a removed carriageway and by comparing its
condition before and after having prestressed the exter-
nal cables (Fig. 17).

Conclusions

The recorded situation of deformations (Fig. 17) has

acknowledged that superstructure after external pre-

stressing will function as expected and be in compliance

with the major objectives:

- to stop any further opening of joints between seg-
ments and increasing of existing cracks

- to increase the bearing capacity of the viaduct in
compliance with the amended technical standard STN

— to establish prestressing reserves for situation in futu-
re when a part of the original prestressed cables would
be eliminated due to corrosion. In the critical cross-
section in the middle of the longest span, there is a
reserve od 50 % due to additionally stressed 16 ex-
ternal cables.

Participation:

- client: Slovenska sprava ciest Bratislava,

- designer: Dopravoprojekt, a. s. Bratislava,

- contractor: InZinierske stavby, a. s. Kosice.
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