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IUoTnpa npoéviacng Alga

Fevika

To ouotnpa Alga Cable, np&nv PRECO, 10 onoio a-
vTinpoowneletal otnv EANGSa and tnv EAEMKA
A.E. éxe1 oxedlaoTei phe okonod va kaAUyel Tis oly-
XPOVES KATOOKEUAOTIKES aAMAITNOELS, €OIKOVOUW-
VTAS XWPO EPYACIMV, XPANA, EVED TAUTOXPOVA, ANAO-
MoIEl TNV KATAOKEUN Kal NAPEXEl UPNAN noidTnTa.

H npwtn evaoxdéAnon ths ALGA otov oxedlaopd Kai Tis
epyaoies npoévraons &ekivd 1o 1942, otav e TV &-
YKPITIKN andpacn Tns narévias pe apiBud 399934, 0 G.
Marioni, 16puths Tns ALGA kai o P. Noli, npootdreyav
TNV €QEUPECN TOUS YIa TNV MNPOEVTIACN TOU OKUPOOE-

paros, h okupo&EUaTos - MAIVBwV, ue okond va Xpnol-
ponoinBei oav Péco avTioTaons OTIS EPENKUCTIKES TA-
ogls nou Ogv unopouv va avaidBouv 1a uNikd auTd.

Ané 10 €105 auTd Kal ueTd n ALGA eival cuvexws na-
pouca oTo nedio Tns Npoéviaons, dPeocd N éuueca
péow TwV eTalpeldv (Biarmato, Prebeton Cavi,
Preco) anokra@vras €101 geydAn epneipia, n onoia
NS eNéTpePe TNV Npoondbeia yia épeuva Kai NPoo-
0o va Tnv ouvexiCel eni 50 kal NAéov xpdvia and Tnv
€noxn Tns idpuons Tns.

Introduction

Alga Cable, ex PRECO, is a post-tensioning system
that is represented in Greece by ELEMKA S.A. and is
designed to cover the modern needs to construct
in less space, economically, with simplicity and
high quality.

The first evidence of ALGA active involvement in
the study and development of the prestressing
technology, dates back to 1942 and is proved by
patent 399934, with which G. Marioni, ALGA’s
founder, and P.Noli protected their invention
about the pre-tensioning of concrete, or concrete

Riyad - Wadi Leban Bridge

and bridge elements, to be used as resistant
components in the composite structures.

Since that year, Alga has been continuously
present in the field of prestressing, directly or
through the companies of its group (Biarmato,
Prebeton Cavi, Preco); in this way Alga has
gained a great and precious experience, which
allows to continue the course of research, and its
progress began more than fifty years ago by its
founder, G. Marioni.
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lépupa ASiou

Axios Bridge

H EAEMKA A.E. nou 10pUBnke To 1990 ané Mnxavi-
KoUs, pe dpapa Tnv eioaywyn otov EANNadiké xwpo
TexvikoV YNnpeoidv uPnA®v Anaithoewy, eI0nya-
ye otnv EANGOa 10 oUoTnpa autd, Tou onoiou gival
Kal 0 enionpos AvTinpoownos.

H EAEMKA A.E. epydletal napéxovras Tis UNNpe-
oies Tns oTa Yeyahutepa épya Tns EANGSas (Tégu-
pa Piou - Avrippiou, Tépupa ZIGNPOOPOUIKAS
Ipappns Yynins Taxutntas loBuou KopivBou, Ié-
Qupa MNpeBeviwTikou, ZIdnpodpouikn Meupa AgI-
oU k.0 ) Kkal napéxel Texvikn Ynoothpi§n péoa and
10 éunelpa Kal €10IKA KATapPTIOPEVO TeXVIKO TUAWA
Tns o€ épya ns Méons Avartohns (KahwdiwTés yé-
Qupes: Manama-Muharraq oto Bahrain, Wadi
Leban (Riyad), ZeG&n Abu Dhabi - Dubai k.a.).
Aigupuvel Tis 0paocTnpISTNTES TNS e TNV iGpuon a-
vrinpoowneias oto KUWAIT, eved otnv Kunpo u-
ndpxel Ndn avTinPOownos.

To XUotnpa ALGA CABLE kaAUntel Ta npétuna DIN
4227, BS 4447, prEN 13391 kaBws Kal TOUs KAvovi-

opoUs kal odnyigs yia TNV Epapuoyn ouoTNPAT®wV

3.IY.T. 168p00 KopivBou

Corinth Canal H.S.R. Bridge

F ELEMEA XS
4

‘Féq)upa [peBeviwTiKOoUu

Greveniotikos Bridge

ELEMKA S.A. was founded in 1990 by Engineers
with the vision to establish in Greece High
Level Technical Services and they imported in
Greece this system, for which is the official
Representative.

ELEMKA S.A. gives technical assistance by
providing full in-situ services to the biggest
projects in Greece (Rion - Antirrion Bridge Project,
High Speed Railway Bridge of Corinth Canal Bridge,
Greveniotikos Bridge, Axios Railway Bridge etc)
and gives technical assistance by its efficient and
well trained Technical Department to Middle East
projects (Stay Cable Bridges: Manama-Muharraq at
Bahrain, Wadi Leban (Riyad), Abu Dhabi - Dubai
Over-crossing etc).

ELEMKA is expanding its activities to KUWAIT by
establishing official representation locally, while in
Cyprus is already represented.

ALGA CABLE covers DIN 4227, BS 4447, prEN 13391
and the guidelines of FIP (International Prestressed
Concrete Federation).

lépupa MNMoAUpuhou

PoIimiIos Bridge

o
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Post tensioning system Alga

npoévraons Tou AleBvous Opyavicpou FIP
(International Prestressed Concrete Federation).

Epapuoletal eupéws oTNV KAOTAOKEUN NPOEVTETAUE-
VWV OKUPOOETNHEVWV CUCTNUATWY, ONWS YEPUPES,
KTipIa, OIANG KAl ANNES KATAOKEUES.

Y xedlaoTikd, 1o X0otnpa ALGA CABLE avhkel otnv
karnyopia tns Metévraons, énou n epapuoyn tns
Ouvapns Tns NPoévraons yiveral HETA TNV OKUPO-
0étnon ToU Qopéa K Tnv TomoBETnon npokaTta-
OKEUAOUEVWV OTOIXEIWV, HEOW £VOS CUOTANATOS a-
YKUPWOEWVY KAl TEVOVTWV Ol ornoiol JOAIS NAnpw-
Bouv pe TolpevTévepa, ouvoéovtal dia ouvdageias
nAéov e ToV popéa.

-

|-|

|

|
I

Me Tov 1pdno autd emTuyxdveral peyaAUTeEPN OIKO-
Vopia OTIS KAaTAOKEUES, Oedopévou OTI Sgv analteital
n ayopd €10IKAS KAivns, kal udNIoTa pnopei va epap-
MOOTE( TUNPATIKA, avANOYa WE TIS PACEIS KATACKEUNS,
dleukoNUvovTas Tov MeheTnth kai Tov EpyohdBo pe
TNV anAOTNTd Tou oTn oxediaon Kal TNV epappoyn.

To ouotnpa Alga Cable napéxel Tn duvatdtnta xpn-
ons pias eupeias YKAPas TEVOVTwY anoTeAOUUEV®Y O-
né 7-khwva cupparéoxoiva Siapérpou 0,6” Ikavd va
KOAUYOUV TIS MEPICOOTEPES NEPINTWOEIS EPAPHUOYNS.

Eidikés aykupwoels PIKPOTEPNS A PEYAAUTEPNS IKA-
voTnTas and Tis TUNIKES pnopei va napaxBouyv katoé-
niv €101kns napayyehias pe okond va e§unnpetn-
BoUv €I0IKES KATAOKEUAOTIKES AMNAITACEIS.

The system is widely used at the construction of
pretensioned concrete systems, i.e. bridges,
buildings, silos and other constructions.

ALGA CABLE is a Post-tensioning System which
applies the pretensioning force after concreting or
the installation of pre-cast segments, throughout a
system of anchorages and tendons, which when
filled with grout, they are acting as one body with
the structure.

In such a way we can achieve economical benefits
for the construction, due to the fact that there is no
need to buy a pre-stressing bed, and we can apply
the prestessing force in phases, giving to the

Second Manama - Muharraq crossing project - Bahrain

Designer and the Contractor the advantage of
simplicity for the design and construction.

Alga Cable gives the possibility to use a variety of
tendons by 7-wire PC Strand of 0,6” in a way to
cover most of the cases.

Special anchorages with smaller or bigger capacity
than the typical, can be manufactured if required,
in order to be used in special constructions.
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Kupia xapaktnpioTikd - MASoveKTRpaTa

Mikpés ayKupwmoels, Xwpis KwVIKA oxXAPaTa, pe
peyalUTepes enipdveles Olavouns SUVAPEWY, €-
vod unodoxés e€dywvou oxnparos kabiotouv
TNV TonoBétnon gukoAéTEPN oTov EUAGTUNO N
TOV YETANSTUNMO.

Kawvol oUvoeons yia kavovikous h unepueyédels
OWANVES TEVOVTWV.

IkavéTtnTa TOIpEVTEVEONS ANG PNPOOTd N NAVW
and Tnv aykupwon.

Mep10odTEPOS XWPOS YIa ONAICUO KAl KAAUTEPN
OUMNUKVWON TOU OKUPOOEUATOS OTO YETWNO a-
yKUpwons.

EidIkd oxediaopévol ypUlol Je eviaia enipdveia
Tdvuons, ol onoiol gival ol HIKPOTEPOI Kal EAa-
@pPUTEPOI GTNV KATnyopia Tous. To HIKPO Tous
Bdpos OleukoAUVEl TNV XpPNon TOUS KAl TNV To-
noBétnon Tous otnv aykupwon. Xe kardotacn
avdykns anids npocOetos e€onAiouds unopei
va xpnoigonolnBei yia va yivel n Tdvuon and
METATONIOPEVO ONEIO.

To pikpd Tous Bdpos enitpéne:

MikpOTepPN ekTpONn TOou TéEVOvTa
Niy6Tepo NpboBeTO ONAICUS
MikpoTepes anwAeies Adyw TpIBAS

Eykonés pikpwv d1a0Tdoewv
yla 10 PéTwna aykupwons.

FYEAEMEAEWA

Main features - Advantages
« Compact anchorages, without conical shapes,
with more distribution surfaces, and slots with

hexagonal encasing to make their laying to the
formwork easier.

« Linking cone for normal and enlarged ducts.

+ Arrangement for frontal or lateral grouting.

+ More space for reinforcing and concreting at
the end block.

+ Advanced tensioning jacks with integrated
main pulling area, the smallest and lightest
available in their field. Their light weight
facilitates their handling and installation on the
anchorages and, in case of necessity, simpler
auxiliary equipment can be used for their
displacement.

Their reduced sizes allow:

« A smaller deviation of the tendon
+ Less auxiliary reinforcement

«  Lower friction losses

»  Recesses of smaller dimensions in the concrete

6
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n AykUpwon

Mn kwviké oxnpa

MepiooodTepes empdveles dlavouns SuvApEwY
Ynodoxés e§dywvwv nagipadiov

Ynodoxn yla cwAnvdki eveEPATmons

Kovos évwons pe onsipwpa

N
)

YuvOeCHONOYia TUMIK®Y CWAAV®V

N
o

Yuvdeopohoyia cwAvwV Jeyahutepns SIAPETPOU

Bides ouvdeans otov EUAGTUNO Kal nagiudadia

)

N
o

Casting Unit

Non conical shapes

More distribution surfaces

Slots for hexagonal nuts
Conection hole for grouting tubes
Threaded link cone

Coupling for standard sheaths
Coupling for larger sheaths

Clamping bolts and nuts
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Tévovtee

O1 tévovres eival kataokeuaopévol and xdAuBa u-
YnAASs avtoxns anotehoUpevol and 7-khwva oup-
patéoxoiva dlapérpou 0,6” Twv onoiwv Ta xapa-
KTNPIOTIKA @aivovTal oTov nivaka 1.

O1 tévovrtes, anotehoUvial and CUYKEKPIPEVO MAN-
Bos oupparéoxoivwv kal nepiBaN\ovtal and au-
AakwTh owAiva and xaAuBOOQUANO, oTnv nepi-
NTWON E0WTEPIKDOV TEVOVTWV h and UYNAAS MNUKVO-
TnTas noAuaiBuleviou (HDPE) cwAhves oTnv nepi-
NTWOoN EEWTEPIKADV TEVOVTWYV. ANA®DS arkdlovTas To
péyeBOos TwV CUPPATOOXOIVWV Kal To MAABOS Tous
gival duvartdv va KaTaoKEUAoToUV TEVOVTES JE TNV
emBupnTh IKAVATNTA yia TO KABE €pyo.

MNa va dlacealioTei KAOAUTEPN NPOCTAGIA TWV CUP-
patéoxoivwv and tn didBpwon kal yia va diacea-
NOBei N NAeEKTPOXNUIKNA TOUS POVWOonN, evioTe evOei-
KvuTal va xpnolgonolgital cwAhva and HDPE avri
NS xaAuBsdIvVNS.

Mivaxac 1 - Table 1

Kavoviouos Aiauetpos Ovopacia Bapos OvopaoTikin

Cables

The cables are made up of hightensile steel 0,6”
strands, whose characteristics are listed in Table 1.

The bundle of strands is encased in a sheath of
corrugated steel strip in case of internal tendons, or
in high density polyethylene (HDPE) tubes in case
of external ones. By simply varying the strands size
and their number it is possible to produce cables of
any required capacity.

To assure a better protection of the strands from
corrosion and to insulate them electrically, it is
advisable to use a corrugated HDPE sheath instead
of the corrugated steel one.

XapaktnpioTikés Tipés

Enmipaveia
Norm Nominal Type Weight Nominal Characteristic values
Diameter area
©pavon  XupBartikd épio  EAAxIoTO QopTio oTO
Alappons 0,1% 1% Tns eniphkuvons
[XapnAn xahdpwon]
Braking Proof load Load at 1% elongation
0,1% [Low Relaxation]
Fm fm Fpo.1)  fpo.1) Fp(1)k fp()k
mm inch kgr/m mm? kKN N/mm?> kN  N/mm? kN N/mm?
152 06" Y1770S7 1,086 139 246 1770 212 1525 - -
pr EN
e 152 0,6” Y1860S7 1,086 139 259 1860 223 1600 - -
£k5.2004 15,7 0,6” Y1770S7 1,172 150 266 1770 229 1525 = =
157 06" Y1860S7 1,172 150 279 1860 240 1600 - -
ASTM 152 0,6” Grade250 1,094 1394 240,22 1720 - - 216,2 1550
A416-02 15,24 0,6” Grade270 1,102 1400  260,7 1860 - - 234,6 1680

FELEMEA EF
8



mast er 2

22/9/2006 12:48 11 ™Ai>% 9

—p—

O1 1évovTes pnopouv va KaTaoKeEUAoTOUV OTIS €YKa-
Tactdoels Tns EAEMKA kal va otaloUv o10 €pyo h
Va KATAOKEUAOTOUV €ni TONou oTo £pyoTdéio, nou
gival kai To nio ouvnoes.

TNV NeEPINTWON Tns €Ni TONMOU KATAOKEUNS T OUp-
patéoxoiva npowbouvral otov owAhva (Eikdva
20) pe €10IKES MPOWONTIKES UNXAVES MPIV A PJETA TN
okupod£Tnon, avAloya WE TIS KATAOGKEUAOTIKES a-
naithoels. Eivar enions duvarod va yivel TonoBETnon
TWV oUPPATOOXOIVWV HE €10IKES “kAAToes” Kkal Ba-
poUAka (Eikéva 2B).

To nepiBAnpa Twv TeEVOVTWV KaTaokeuddeTal oTis €-
YKaTaoTdoels gas otn ©gcoalovikn (XaAUBOOPUA-
Mo 0,30 ~ 0,60 mm, yaABaviopévo n anhd) Kaiu-
nTovras 6Ao To €UPOS TWV ANAITACEWV. To XaAu-
BOGPUANO NMou xpnaolyonolEiTal yia TNV Napaywyn
NS OWAAVAS €xel TO NAXOS NMou anaiteitalr and 1o
EN 523.

MpowBnTiKA pnxavn
o Pussing machine

Post tensioning system / \Iga

The cables can be produced at ELEMKA workshop
and sent to the construction site, or can be
manufactured in-situ, that is the most common
practice.

At the case of in-situ construction the strands are
threaded inside the duct (Picture 2a) with special
pushing machines before or after concreting,
according to the construction needs. It is also
possible to install the strands by pulling with
special sockets and a winch (Picture 2b).

The sheath is manufactured at ELEMKA storehouse
at Thessalonica (steel strip 0,30~0,60mm,
galvanized or simple) covering the whole range.
The steel strip gauge that is used to manufacture
the sheath is in accordance with EN 523.

Avéun
Decoiler

ZwhAva npootacias
Protective tube

Eteava 20 - Fistare 2a) LT

Yupparéoxolva
Strands

BapoUhko
Winch

Kd&Atoa n nAektpokdAANon
Socket or welding

Etcava 20 -pistare 26|
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Tonod¢TNON TWV TEVOVTWVY

O1 aykupwogis TonoBetouvral otov EUAGTUNO pe Bi-
o¢es kal na&§iudoia (Eikéva 1, tep. 8-9) kai edv yivel
owoTh eNdAeIPn Pe AAOI, 0 EUNGTUNOS anopakpUve-
Tal MOAU €UKOAa PETA TN okupodétnon. ‘OAes ol &-
VOOEIS TOV TEVOVTWV Npénel va aopaiiovral oAU
NPOGEXTIKA JE Talvia n €101KG BepUONAAGTIKA UNIKA.

H tonoBétnon Twv TevOVIwV Yiveral TAuTtdXpova e
TNV ToNoBéTnon Tou XaAapoU onAIcPoU Kal yid To
Aéyo autd Ba npénel va yiveral KaAh ouvevvonon
TWV OUVEPYEIWV OTE va ano@eUyovtal KaBuoTe-
PNOEIS KAl KAKOTEXVIES.

TonoBereital TuAPA Tou XxaAapoU onAIcpoU Kal a-
KOANOUBEI N ToNoBETNON TwV CWAAVWV NPOEVTAONS
ota evoedelypéva onpeia and tnv peAétn. TonoBe-
TouvTal oTnpiypata and onAiopd @ 12 avd Tm 1a o-
noia dévovtal pe oUpuPa oTov undpxov xaAapod o-
NAICUO.

TonoBétnon Twv TeVOVTwy oTh Bepehinoon Tns yépupas Tou Wadi Leban .

Installation of cables

The anchorages are fixed to the formwork by nuts
and screws (Picture 1, pos. 8-9); which, when
properly greased, can be easily removed after
concreting. All connections along the cable must
be carefully sealed with adhesive tape or heat
shrinking sleeves.

The installation of the cables is done at the same
time that the installation of reinforcement occurs.
Due to this reason it should be noticed that, with
good cooperation between the teams we can avoid
any delay or any construction defects in the structure.

Part of the reinforcement is installed and
the installation of sheath follows at the support
points that are given to the design drawings.
The supports should be @ 12 reinforcement, at a
distance of Tm between them, which are tied with
tie-wire at the existing reinforcement.

e ! Er e il
Tendon installation at the foundation of Wadi Leban bridge
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LioTnpd npoévracng Algacable

Edv 1a ocupparéoxoiva Ba tornoBeTn-
BoUv peTd Tn okupodETnon Ta oTnpiy-
pata autd Ba npénel va gival TOuAdaxI-
oTtov avd 0,5m.

Yav kavovas Ba npéner n NKAAUYN TV
OWNAVWV Va €ival TOUNGXIGTOV ion Npos
™ OIdPETPS TOUS KAl O€ Kapia nepinTw-
on pIkpoTePN Twv 40~50mm (Eikéva 3).

‘Otav nA\nBos Tevoviwy Bpioketal ou-
YKEVTPWUEVO o€ éva onpeio Ba npénel
va AapBdaveral pépiuva woTe va pno-
pei va yivel n éyxuon Tou okupodéua-
TOS KAl N 0wOTHh OOVNOh ToU, YIaTi g
NEPINTWOEIS MOU OV UMNAPXEl XDPOS
va nepdoel o dovntis, dnpioupyou-
vral {npiés oTous TEVOVTES (£10poN
okupodépatos) n dev enituyxdveral
OwOoTh cupnuKvwon.

Iépupes otnv Eyvaria 066
= i = = ~all it

If the strands are going to be
threaded after concreting these
supports should be installed with a
spacing of at least 0,5m.

As a rule the concrete cover of the
sheath should be at least equal to
their diameter and it should be not
less than 40~50mm (Picture 3).

When many tendons are presentin a
section, it is necessary to provide
spaces to pour the concrete and to
vibrate correctly since in case of not
enough space, the tendons will be
harmed (concrete will enter inside
the duct) or the compaction of
concrete will be insufficient.

Bridges at Egnatia Road

11
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Lupparooxoiva

Ta oupparéoxolva eival katackeuaopéva and 7
KA®VOUS: 1 KeVTPIKOS eUBUYPANPMOS KADVOS YUPW
and Tov onoio gival NAeypévol 6 KA@VOI o€ ENIKOEI-
ON PopPA.

Ta ouppatdéoxoiva napackeudlovral pe Tn péBodo
TOU XaunAoU BaBpou xaAdpwons, kal gival nieTo-
noinpéva ané ave§dptnta epyactipia. MpounBeu-
oVTdl 0€ KOUNOUPES ME TIS KATWTEPW OIAOTACEIS:

E€wTepikn AidipeTpos: 1200~1500mm

EowTtepikh AldpeTpos: 700~800mm
MAG@Tos: 700~750mm
Bdpos: 3000~4000kgr

Ta xapaktnpioTikd Twv oupBat®y xaAuBwv, gaivo-
vral otov ivaka 1 (oeA. 8).

H EAEMKA A.E. eiodyel oTnv EANNGOa xdAuBa npoé-
viaons and Tous PeYaAUTEPOUS MPOPNOEUTES TNS
Eup®nns ®ote va e§acpaliCetal n KaAUTepn Moiod-
TNTA KAl 0 duecos xpovos napddoons.

‘Otav anaitouvrail TévovTes eEmTeEPIKNS NPOEVTAONS
pnopei va xpnoigonoinBei xdhuBas pe enkAAuYn
ypdoou n enikepwpévos o cwAnva and HDPE, o o-
noios Ogv éxel ouvdeeia pe Tov popéa (unbonded).
Ta cupparéoxolva autd unopei va gival kal yaABa-
VIopéva, Je O1aPOPETIKA OHWS PNXAVIKA XApaKTNn-
PIOTIKA (MIKpOTEPa Opia diappons kal Bpadaons).

* Na 1évovres ol onoiol Ba TonoBeTnBouv Ta cup-
patéoxoiva peTd Tn okupodéTnon Ba npénel va
xpnoigonoinBsi cwhhva and naxutepo ToEPKI KaTd
0,05mm Kal pe peyaAutepn OIAPETPO katd 10mm.

Strands

The strands are formed with seven steel wires: one
central wire around which the other six are
wrapped.

The strands are generally supplied already
stabilized (low relaxation) and certified according
to the regulations by an independent laboratory.
They are supplied in coils with the following
dimensions

Outer Diameter: 1200~1500mm

Inner Diameter: 700~800mm
Width: 700~750mm
Weight: 3000~4000kgr

The strand properties are shown on Table 1 (page 8).

ELEMKA S.A. imports in Greece PC strand from the
biggest factories of Europe having the best
delivery time and the best quality.

When it is requested to provide tendons for
external prestressing, greased or waxed strand can
be used in HDPE duct, commonly called
unbonded. Such strands can be hot galvanized too
but the mechanical characteristics will be different
(lower yield and breaking values).

* For cables that are going to be threaded after
concreting the steel strip will have to be thicker by
0,05mm and the diameter T0mm above the typical.

1

FELEMEA EF
2
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LwAvee Kail Xovdeopol - Sheaths and Couplings

Edv anaiteital bk R,
~_# If necessary 1

4T15 7T15 12T15 15T15 19T15 22T15 27T15 31T15

Y WA
L e . 45/51 55/61 75/81 80/86 90/96 100/106 110/116 115/121
Sheath QiQe
YUvd
2 o E.OMOS . 50/56 60/66 80/86 85/91 95/101 105/111 115/121 120/126
Coupling Qide
El TnAeokonikn owAnva
. . 55/61 65/71 85/91 90/96 100/106 110/116 120/126 125/131
Telescopic duct QiQe
KapnuAétnta
. . 3500 4500 6000 6500 7500 8000 9000 10000
Radius Rmin
EUOG ,
v Pypoypo AT . 500 600 700 900 1000 1100 1200 1300
Straight line G min

‘O)es o1 diaotdoels ival oe mm - All dimensions in mm

MpowBnon cuppatrdoxoivwv

OnAiopds Metwnou AykUpwons

Threading of strands

End Block Reinforcement

13
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AyKupwoeic

O1 evepyés aykupwaoels Tunou “M” - Eikéva 4 - gival
Kataokeuaopéves and pia xaAuBdivn kepaln, na-
VW OTNV onoia Ta cupuatdéoxoiva ac@ahiovral pe-
Hovwpéva Je eI0IKES oPNVES, Kal and pia opalposl-
on eykiBwt{opevn povada.

O1 ndyies aykupwoels pnopei va givar Tov Tunwv
“B”,“S","F" ka1 “E" h “M” enions, edv auTth pnopei va
givar npooBdaoiun. O1 cUVOEDEIS TwV TEVOVTWV Yive-
Tal Y Pnxavikous cuvoéopous Tunou “K” -otaBe-
pwv A TUnou “V” - KivnTov.

Yndpxel enions o TUnos “G” nou &ivai Kivnth Ke@a-
A, n onoia xpnoiponolgitalr étav dev eniTpénel o
XWPOS TN Xphon Tns “V”.

Anchorages

Mechanical Stressing Anchorages type “M” -
Picture 4 - are formed by a steel anchor head, on
which the strands are individually gripped by
specific wedges, and by spheroidal casting unit.

Fixed anchorages can be “B”, “S”, “F" and “E” or “M"
too, if it is accessible. Coupling of the tendons can
be done with mechanical type “K” -fixed or
movable “V".

Also, type “G” can be supplied, as a movable
coupler, when the space required is less than the
one required by type “V".

Anchorage type “C”, is used as an intermediate
stressing head to allow tensioning of the tendons

Yndpxouv 1éN\0S kal aykupwoels Tonou “C”, nou
Xpnoligonolouvtal oav evOIANECES AYKUPWDOEIS, YId
TNV Tdvuon ano éva evdidueco onpeio, avti and Ta
dkpa. Eivar 1davikés yia Tnv 1dvuon OaKTUNOEIO®V
TEVOVTWV Xwpis Slappdyuata.

lNa va dnpioupynBoUv Tévovres e apiBud oupuard-
OXOIVWV PEYAANUTEPO AN TO TUMIKOG, APKEl va eMINEEOU-
ME TNV aykUpwon PE TNV JEYaAUTEPN IKAVOTNTA (M.X.
yia tévovta 13T15 Ba em\é§oupe aykUpwon 15T15).

‘ONa Ta XapakTNPIoTIKA nou OivovTdl OTIS TEXVIKES
KapTéNES €ival oxeTIkA pe Tn péyiotn duvardtnta 1
oupparéoxoivou, 0,6” (279kN) nou avTioToIxsi o€
xA@AuBa SUPER (150mm?) 1860.

AyKupwoels Tunou “E”

through an intermediate point rather than from
the ends: they are essential for the tensioning of
ring cables without bulk-heads.

To produce tendons with a number of strand
different than the typical one, it is necessary to use
the next anchorage of upper capacity (ie. For cable
13T15 we will chose anchorage 15T15).

All the data given to the technical cards are relative
to the use of the higher capacity of 1 strand, 0,6”
(279kN) SUPER (150mm?) 1860.

Anchorages, type “E”

1
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| Eteava 4 - Pictureld |||

OnAiopdc TOU PHETWNOU OYKUpWONC

H texviki kapTéha Tns aykUpwons “M” divel Tis xapa-
KTNPIOTIKES anooTtdoels “X” Twv aykupwoswv M,FE
kai K yia 3 Tunikés KAAogls OKUPOOEUATOS, CUPPWVA
ME TNV avToXhn KUNIVOPIKOU OOKIMIOU 28NEPV.

H andéotaon petafu Twv aykuphoewyv X*X=X* uno-
pei va petaBAnBei o 0,8X*1,25X=X? H pikpdtepn a-
noéoTaon Tou KEVTPOU pias aykupwaons and Tnv Akpn
Tou peTwnou Ba npénel va gival TouAdxioTov > X/2
+10mm gdv dev anaiteital peyaAltepn enikAAUYN.

MNa okupodéuata evoidueons KAAONS TWV AVAQE-
popevwy, 1Ta dedopéva pnopouv va eEaxBoulv pe
napeuBoAn.

H péyiotn dUvaun npoévraons Fo otnv aykUpwon,
80% Tou opiou Bpauons Tou TévovTta Ba pnopei va €-
@appoobei é1av 10 okupddepa Ba éxel TOUNAXIOTOV
TNV péon avioxn femo ONws Gaiveral GTous Nivakes.

H duvapn 0.5 Fo pnopei va epappooBei d1av 1o okupd-
Ogpa éxel avioxn > 0.65 femo. MNa evdidpeoes Ouvdpels, Ta
Oedopéva pnopouv va e&axBouv pe napeBoAn.

O1 oneipes (6pio diappons > 420 N/mm?) nou ¢ai-
VOVTadl OTOUS NiVAKES nopoUv va avTikaractabouv
ané avriotoixo opBoywvio onAIGUO.

IdoTnuya npoéviacng Alga

End block reinforcement

The technical card of “M” anchorage gives the
characteristic anchorage spacing “X” of type M,F,E
and K for 3 typical concrete classes, according to
their cylindrical characteristic strength at 28 days.

The anchorage spacing X*X=X* can be modified to
0,8X*1,25X=X?. The minimum clearance of an
anchorage to the edge must be > X/2 +10mm, if a
higher cover is not required.

For concrete of intermediate strength the data in
the chart can be interpolated.

The maximum force Fo at the anchorage, 80% of
nominal breaking load, may be applied when the
concrete will have at least the average strength
femo shown in the charts.

The force 0.5 Fo can be applied when the concrete
has reached a strength > 0.65 fcm.o.

For intermediate forces the data can be
interpolated.

The spirals (yield strength > 420 N/mm?) that are
shown in the data sheets may be replaced by an
equivalent orthogonal reinforcement.

o
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Evepyil Aykupwon - Stressing Anchorage

H. | _» S0 @14 J

— ] Al (e=1E

6]

r Aiaragn - Spacing

s = 1 =
A |
N | @ =
:}.I
r i o P
MéyeBos Tévovta - Tendon size 4T15 7715 12T15 15T15 19T15 22T15 27T15
[l Xdpaaykipwons T 0140 0180 @225 @255 (@280 @310 (@340
Casting Unit L 130 160 190 200 220 240 280
y4 120 158 198 225 240 265 290
U M10 M10 M12 M12 M12 M12 M14
Pl Kepahn aykUpwons A 0100 ©125 @170 @190 (@200 @230 @250
Anchor head H 45 45 55 60 70 75 85
El Kdvos - Cone J 65 65 180 210 225 275 275
1 Ztpogés - Turns n 5 6 7 7 7 8 8
Yneipa - Spiral D 0170 ©220 @270 @310 (@330 @360 @390
() 210 012 014 016 018 018 020
5 MepiBAnpa - Sheath Qi 045 055 Q75 080 @90 @100 @110
[3 Eooxn - Recess N 180 220 270 300 320 350 380
R 100 100 110 110 120 130 140
1 “Evepa - Grout I/m 1.1 1,5 2,8 3,0 3,8 4,8 5,8
Méyiotn Advapn Fo / Force max Fo [kN] 893 1562 2678 3348 4241 4910 6026
fek 25 fem,0 26 X 220 280 380 425 475 515 570
[N/mm?] 30 [N/mm?] 30 [mm] 205 270 355 400 445 480 535
M) 35 @)} 33 3) 195 260 340 380 425 460 505

1. fck= KUNIVOPIK XapaKTNPIOTIKA avToxn oTis 28 npépes - cylindrical characteristic strength at 28 days
2. femo= Méon avtoxn okupodEuaTos KaTd TNV TAvUon - average concrete strength at stressing time

3. X=andéctaon didta&ns aykupwoewyv - anchorage spacing

‘O)es o1 dlaoTdoels eival oe mm - All dimensions in mm

31T15

®360
320
310
M14

0260

95

275

0410
020
0115
400
150
6,1
6919
615
575
545

1

P ELEMEA ERS
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Post tensioning system Algaca b | e

Mdyiec Aykupwaoeic - Fixed Anchorages

| =
b T =
u}.—r_ i ot
o -
u o ok . P e
1 iy
o
i = I
rF -
-’"-:\
1
50|
=
Mévo yia 15T15 Jt e
e +
N4 @ Only for 19T15 i
n 1
= ¢ B0 " ’
120 L .
B =1 1 A0

MéyeBos Tévovra - Tendon size 4T15 7715 12715 15T15 19T15 22T15 27T15 31T15
[ AykUpwon TUrnou B L2 - 850 950 950 1050 1150 1250 1350
Anchorage type B L1 900 1000 1100 1100 1200 1300 1400 1500
X 190 250 280 380 380 470 560 510
Y 210 270 420 390 490 470 470 570
71 AykUpwon Tunou S L 400 800 800 900 1100
Anchorage type S X 160 160 240 320 320
Y 160 320 320 320 400
El Y1pogés - Turns n 4 4 6 6 6 7 7 7
Yneipa - Spiral D ®160 @170 ©190 ®190 @200 ©®210 @220 ©®230
() 08 o010 012 014 016 016 016 018
1 Toépki - Stirrups n 6 6 8 8 8
P 50 50 50 50 60
[ NepiBAnpa - Sheath Qi @45 @55 Q75 080 ®9%0 @100 O©110 @115

Inpgiwon: To PAKOS TOU CUPHATOCXOIVOU NMou Ogv éxel oUVAQEIa e To okupddepa eival L+200mm.
The unbonded strand length is L+200mm

*. H noodtnta evéparos gival idia p’ auth nou gaiveral otnv Texvikn KapTéha Tns aykipwons M.

The grout quantity is shown in the technical card of M anchorage

‘O)es o1 diaotdoels ival oe mm - All dimensions in mm

o
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Mdyiec Aykupwaoeic - Fixed Anchorages

) S0_{E<t
| - L g0 |3-';=_ J |
MéyeBos Tévovta - Tendon size 4T15 7T15 12T15 15T15 19T15
Yhpa AykUpwons T 0140 @180 @225 (@255 (@280
Casting Unit L 130 160 190 200 220
KepaAn Aykupwons A ®100 @125 @170 @190 ©@200
Anchor head HF 80 80 80 80 90
He 45 45 55 60 65
El Kdvos - Cone J 65 65 180 210 225
1 Yipogés - Turns n 5 6 7 7 7
Yneipa - Spiral D @170 @220 @270 @310 (@330
(0] o010 012 014 016 018
5 NepiBAnpa - Sheath Qi 045 @55 @75 080 ®90
[ EnmikdAuyn - Covering Re 130 130 130 130 140

Re 170 170 180 190 190

MNa Tnv andéctaon tns SIATAENS TV AYKUPWOOEWV IoXUEl OTI Kal yia TiIs M
For the anchorage spacing see technical card of M anchorage

*. H noodtnta evéparos gival idia p’ auth nou gaiveral otnv Texvikn kapTéha Tns aykUpwons M.

The grout quantity is shown in the technical card of M anchorage
‘O)es o1 dlaotdoels eival oe mm - All dimensions in mm

22T15
@310
240
0230
95
70
275
8
0360
018
@100
140
200

i

27T15
0340
280
0250
105
85
275
8
0390
©20
?110
150
220

31T15
@360
320
0260
115
90
275
9
0410
@20
0115
160
220

1

F EAEMEAENA
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LioTnpd npoévracng A'SGCa b | e

Itadepdg Luvdcopoc - Fixed Coupler

= &
L I ] 1
Tévovras 2/ i Tévovras 1/
tendon 2 ke b | tendon 1
n I A I a
L J A5 o] J el (B0 e
[=] =
Mp= L b J |
Kivntog Zuvdeopoc - Movable Goupler
i
=
L
Tévovras 2/ N Tévovas 1/
tendon 2 a b 1 tendon 1
| S n P IL 1
*) A/ = Emipuknvon tou Tévovta 1 - Tendon 1 elongation
MéyeBos Tévovra - Tendon size 4T15 7T15 12T15 15T15 19T15 22T15 27T15 31T15
[ Xaopa AykUpwons T @140 @180 (@225 (@225 (@280 (@310 @350 @360
Casting Unit L 130 160 190 200 220 240 280 320
Pl Aaktohios Z0Ceugns G ®121 @152 @219 (@229 @254 (©298 (@305 (0324
Coupling sleeve Q 150 155 170 180 200 210 230 250
P Kepahn Tdvuons - Stressing head ~ H’ 55 60 75 80 920 95 105 115
Kepahn X0leuéns - Coupling head  H” 80 80 80 85 95 100 110 120
El Kdvos - Cone J 65 65 180 210 225 275 275 275
E! Kevos - Cone J 140 210 320 410 440 510 550 580
1 Yipogés - Turns n 5 6 7 7 7 8 8 9
Yneipa - Spiral D @170 @220 @270 @310 (@330 @360 @390 @410
o Q10 012 014 016 018 018 020 020
4 MepiBAnpa - Sheath Qi 045 @55 @75 080 ®9%0 @100 @110 O115
@ ©drauos - Tube (0} @140 @170 @240 (@250 (@275 (@320 @325 (@345
P 300 300 320 330 350 360 380 400

MNa tnv andéctaon didtagns tns K 1oxUel 611 kal yia 1is M

For the K coupler spacing see technical card of M anchorage

*. H noodtnta evéparos eival idia P’ auth nou gaiveral otnv TeXVIKA KAPTENA TNs aykUpwons M.
The grout quantity is shown in the technical card of M anchorage

‘O)es o1 dlactdoels eival oe mm - All dimensions in mm
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Kivntéc Zovdeopoc - Movable coupler

F+ Al

E+ Al

- Dil
Imm
————— i —_——

.
e - i "
. S - = - P p— .
[ R e e e . e X Tdvuon/

- . - - 1 . - .. Pull

S I el = _'_ T U I'H - - ' - - ——
Tévo;/.T.cls.{}.L T _\- __. ) -'l_-_ | = i _--I_ . .._,.r - = ﬂ'.l'.é.vov.T.aSZI/"
tendont - .Th ......... R R R T e i o tendon 2
A+ Al
*) A/ = Emipuknvon tou Tévovta 1 - Tendon 1 elongation

MéyeBos Tévovra - Tendon size 4T15 7T15 12T15 15T15 19T15 22T15 27T15 31T15
Bdapos A 600 600 1200 1400 1400 1400 1600 1600
Tube

C ®140 @165 @178 @194 ©194 (0227 Q244 Q244
Aaxrihos ZGCeugns D 300 300 300 300 400 400 400 400
Coupling sleeve

E - - 650 700 800 800 900 900

F - - 1000 1100 1200 1200 1400 1400
MepiBAnpa - Sheath ®i 045 @55 @75 @80 @90 @100 @110 @115

*.H noodtnta evépatos eivar idia p’ auth nou gaiveral otnv Texvikh kKapTéAa Tns aykUupwons M.
The grout quantity is shown in the technical card of M anchorage

Evoéxetal va yivouv alayés - Subject to modifications

‘OAes o1 dlaoTdogels ival oe mm - All dimensions in mm

P ELEMEA ERS
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Post tensioning system / \Iga

Evdidaueon KedaAn Avkipwong - Intermediate Anchor Head

ExTponeis f - - al
Deviators

Mapdyetal enions kai yia cupparéoxoiva
Xwpis ouvdgela -
Produced for unbonded strand too

Tévovras 1/ = =23 Tévovras 2/
L tendonl i = tendon 2
Lear”
*) A/ = Empuknvon Tou Tévovta 1 - Tendon 1 elongation
MéyeBos Tévovta - Tendon size 2T15 4T15 6T15 8T15 10T15 12T15
[1 Kepaln AykUpwons X 140 170 210 210 260 300
Anchor head Y 90 100 140 160 160 160
H 70 80 100 100 140 160
1 Eooxn N 180 210 250 250 300 340
Recess L 1200 1400 1600 1800 2000 2200
| 250 300 400 500 500 600
R1 65 70 90 100 100 100
R2 75 80 100 110 110 110
El Mouordkia - Overlength v 700 700 850 850 900 900
Il MepiBAnpa - Sheath Qi 040 045 @55 060 065 075
E Yrpoogés - Turns n 2 3 3 3 4 4
Yneipa - Spiral (1) (0] 08 08 010 010 010 012
AnmAeies TpIBnNs - Friction loss (2) % 6 6 7 7 8 8

1. H oneipa nepiBAaM\el To nepiBAnpua - Spiral fitted on the duct

2. Evvoei anmAcles J€oa OTOUS EKTPONMEIS, UNOAOYICUEVN O GUPPATOOXOIVa e YPdoo
Mean loss in the deviators computed with greased overlength

*. H noodtnta evéparos eival idia p’ auth nou gaiveral otnv TeXVIKA KAPTEND TNs aykUpwons M.
The grout quantity is shown in the technical card of M anchorage

‘O)es o1 dlaotdogels eival oe mm - All dimensions in mm
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I'puAor peTévraonc

O1 ypUlol peréviaons (Eikdva 5) éxouv oxediaoTel
ME TETOI0 TPOMO WOTE VA PEIMVETAI ONPAVTIKA O O-
VKOS Kal To Bdpos Tous woTe va kabiotavral nio U-
xpnaoTol. O1 avtAies nou xpnaoiponolouvral (Eikéva
6) eival ka1 autés oxedlaopéves WOTE va eival npa-
KTIKES OTN XpPAon TOus.

Ta cupparéoxoiva dianepvouv 1o ypUAo Kal undp-
xel fon katavoun Tns nieons o kABs cuppaTdoxol-
vo. H kepahn Tdvuons Tou ypUlou Bpioketal oTo &-
OWTEPIKO TOU.

8T

‘Otav emituyxdveral n enIBUPNTA ENIPAKUVON Kai TO
@opTio 0 ypUNos xpnalponolsi éva éuBolo KAEIS®-
MaTos MOTE va enavagépsl TNV KEQAAn aykUupwons
ME TIS OQNAVES OTNV APXIKA Tous Béon kal va e&a-
o@alioBei n Tautdxpovn ohicBnon opnvav. H 1d-
vuon pnopei va oAokAnpwOsi og neplocdTepa and
1 Bhpata, avdoya pe TNV avapevopevn enNNRKUV-
on. Edv npénel va yivel anotdvuon autd givail gi-
K16 e €101kés Oiatdsels.

Post tensioning jacks

The post tensioning jacks (Picture 5) are especially
designed in order to reduce their weight and their
volume for better and easier handling. The pumps
that are used (Picture 6) are also designed in such a
way to be very practical to use.

The strands pass through the jack and the pressure
that is applied on each strand is the same at the
entire group. The tensioning head of the jackisina
specially designed recess.

When the required elongation and load are
achieved the jack uses a lock-off piston to return
the stressing head at the anchor head and to
achieve the same wedge draw-in to all the strands.
The tensioning can be done in more than one steps
depending on the required elongation. An already
tensioned cable can be released using a proper
releasing device.

%
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Alaotdoeis - Dimensions

AaktUNios Tdvuons - Stressing ring

I'puos Tunou L - L type jack
yia - for

Méyiotn dUvapn - Capacity max
Aiaotdoels - [mm]

Dimensions

Aiadpoun epuBdhou - Stroke
Mouortdkia - Overlength
AnaIToUPEVOS XWPOS Epyaacias -
Required spacing to work
Evepyn emigdveia - Main section
Bdpos - Weight

L4.6
4T15
[KN] 900
90
D175
0140
155
435
75
125
450
1385

w < Q -~ QO N T O

L7.6
7T15
1600
110
0220
0175
155
445
75
125
460
1405

L12.6
12T15
2700
130
0285
0220
160
470
85
125
490
1460

L15.6
15T15
3400
150
®320
®250
165
495
90
125
520
1515

IdoTnuya npoéviacng A'SG

L19.6
19T15
4300
160
?360
0270
160
490
100
125
540
1530

| Ailadpoun epBéiou
Stroke

L22.6
22T15
5000
180
0385
0295
180
525
100
125
580
1605

[em] 158,92 252,39 437,49 549,02 707,20 791,71

[kg] 55

90

e is the jack length plus 500 mm is the space needed to work

Alaéugg_oio anotrdvuons

s

Yndpxouv kai ypUMol pe peyalutepn diadpopn euBorou
Jacks with higher stroke are available

Controled release of a tendon

145

AvThia npoévraons

200

*e gival To PNKos Tou ypUANou Kai Ta 500 mm xpeidlovTal oav Xwpos epyacias.

255

320

L27.6
27T15
6100
190
0435
0320
180
535
115
125
630
1665

L31.6
31T15
7000
200
D455
?340
180
550
120
125
650
1700

101997 1118,72

410

470

Tensioning pump

23
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Tdvuon

H diadikacia Tns tdvuons yivetar ws e&ns:

a. TonoBetoUpe TNV KEPANA Tns aykUpwons (1), Tis
opnves (2) kar Tnv xTéva (3) ota cuppatTéoxolva.
MnopoUpe edv Béhoupe va Bidwooupe kal Tov da-
KTUNIO Tdvuons e Bides (4) endivw 010 OMUA TNS a-
yKUpwons.

Tensioning

The tensioning procedure involves the following
operations:

a. Installing the anchor head (1), the wedges (2)
and the comb(3) on the strands. We can fix the
stressing ring on the bearing unit by means of two
screws (4) if required.

b. TonoBetoUpe TOoV ypUNO O0TA CUPUATOCXOIVA é-
XpI VA Aakoupnnoel otov 0akTUNo Tdvuons. [a Tn
Oladikacia auth anaiteital avuywTikd pnxdvnua
10 onoio Ba kpaTtd Tov ypUAo.

b. Placing the jack over the strands. For this
operation a lifting device is needed for the jack.

P ELEMEA ERS
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Post tensioning system / \Iga

c. TavUoupe Tov TévovTa péxpl va eniteuxBei n anal-
ToUpevn OUvapn tdvuons N n PEyIoTn eNITPENOE-
vn d1adpoun Tou euBdAou. O ypUMos “ypanwvel” Ta
oupparéoxolva autéuara.

¢. Tensioning of the tendon till the achievement of
the required tensioning force or the allowable
stroke of the jack. The jack grips the strands
automatically.

d. Tiveral n d1ad1kacia Tou KAEIO®UATOS GTNV KEPA-
A TNS ayKUpwons Péow Tou euBAONOU KAEIDMOUATOS.

d. Locking the wedges in the anchor head through
the lock-off piston.

25
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e. To éuBoMo enavépxetal oTnv apxikn Béon TpaBwm-
VTas Tov ypUAo npos 1a niow. O ypUAos pnopsi va
anopakpuvOei edv oAokKANP®ONKE N Tdvuon A va €-
niotégel otov 0aKTUNO Tdvuons (b) koTe va cuvexI-
oT1el n Tdvuon Péxpl va eniTeuxBei n eniBuunTth dU-
vapn Kal enighkuvon.

e. The piston retracts to its original location and is
pulling the jack backwards. Now the jack can be
removed if the tensioning procedure is completed
or it can return to the stressing ring (b) in order to
complete the tensioning, until the final force and
elongation is reached.

‘Otav ohokAnpwBei n diadikacia Tns Téivuons TéTE O
YPUAOS, n xTéva Kal 0 AKTUNIOS Tdvuons Pnopouv
va anopakpuveouv.

H @aivopevikn enighkuvon Tou Tévovta diveral anéd
TO OUVOMNO TwV PETPNUEVWV SIAOPOU®Y TOU EUBO-
Aou o€ mm.

lMNa va kaBopioTtei n akpiBhs emipnkuvon gival ana-
paitnTo va agaipebouv and 1o cUvolo Twv d1adpo-
MOV Tou EBONOU O1 ANWAEIES TNS GPNVWONS TNS Ke-
QANNSs AyKUPWONS, Ol ANWAEIES OPAVWONS PESA OTO
yPUAO, N €NIPAKUVON TwV CUPPATOOXOIVWV péoa
OTO YPUAO (JouoTdKia) Kal N EAACTIKA cuppikvwon
TOU TEXVIKOU AOyw Tns eMIBOAAS TNs npoévraons.

MeploodTEPES MANPOPOpPIeES yia TNV akpiBn e§ayw-
Yh TV anoTeAeopdTwV napéxovral oto Teuxos Me-
0600u Epappoyns kal Xxedlacopolu Tou XUcThpa-
T0S, Ta onoia napéxovtal and 1o TEXVIKO THAPA TNs
EAEMKA AE.

When tensioning is completed, jack, comb, and the
stressing ring must be removed.

The apparent elongation of the cable is given by
the sum of the measured strokes on the tensioning
piston.

To get the actual elongation, it is necessary to clean
the apparent elongation of the geometrical cable
settlement, of the draw-in of the wedges which
block the strands during the tensioning, of the
elongation of the strand over lengths and of the
elastic shortening of the structure, due to the
application of post-tensioning.

More information for the evaluation of the
elongation is given to the Work and Design Method
Statement of the System. These documents are
available at the Technical Department of ELEMKA S.A.
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IdoTnuya npoéviacng Alga

AnwAeiec Adyw TPIBAC

lNa va unoloyioTei n Tdon ox o€ pia Toph x o ano-
oTaon X and TNV KovTIvoTEPN aykUpwon Tavuons, n
endpevn oxéon Pnopei va xpnoiyonoinbei:

Friction losses

To calculate the tension ox in the section x at
distance x from the nearest stressing anchorage,
the following formula can be used:

ox = oie ™

o + kx)

énou:
0i = n 1don oTNV aykUupwon

X = TO WNKos Tou kaAwdiou (m) and Tnv aykUpwon
OT0 X

o = N oAIKN ywvia ektponns (rad) avdueca otnv a-
YKUPWON KAl TO ONMEIO X.

w= ouvieheotns TpIBAs avdpeoa oTa oupuaTo-
oxolva Kal 1o nepiBAnua (rad™).

k = ouvreheoTns Tns aBEANTNS ywvias eKKevTPAOTN-
T0S TOU cuoThpatos (rad / m)

O ouvreleoTtns TpIBNAs e€aptdtal and noA\ous na-
pdyovres:

Anod Tnv eMIPAVEID TWV CUPHATOOXOIVWV KAl TNV Ka-
TdoTaon Tou NePIBANUIATOS, TOV APIBS TwV CUPUATO-
OXOIVWV, TNV KAUNUASTNTA, TNV SUvapn Tdvuons KA.

O ouvteNeoTns TNs ABEANTNS ywVvias EKKEVTPOTNTAS
e€aptdatal and tnv npocoxn nou diveral kard Tnv
TONOBETNON TWV TEVOVTWY, TNV OKANPOTNTA TOU MéE-
pIBAApaTOs, TNV andoTacn TwV GTNPIYUATWV HYETa-
€U TOUS KA.

O1 ouvTeAeoTés 1 kal k pnopouv va AngBouv:

MNa cuppatéoxolva pe cuvAageia:
u=0,2rad’ k=0,01 rad/m

Na cuppatdéoxolva xwpis CUVAPEIQ:
u= 0,06 rad"’ k=0,01rad/m

where:
oi = tension at the anchorage

x= cable length (m) from the anchorage to
section x

o = the total angle of the deviation (rad) between
the anchorage and section x.

u= friction coefficient between strand and sheath
(rad™).

k = coefficient of unintentional angular deviaton
(rad / m)

The friction coefficient depends on various factors:

Superficial strand and sheath conditions, number
of strands, bending radius, tension force etc.

The coefficient of unintentional angular deviation
depends on the care used to install the cables, the
sheath stiffness, the distance among the supporting
combs etc.

The most common values for u and k are:

For bare strands:
u=0,2rad" k=0,01rad/m
For unbonded strands:

u= 0,06 rad’ k=0,01rad/m
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AnwAgiec Aoyw opivwonc

A@ou ol opnves TENIKA KAeIdWooUV, oAicBaivouv &-
Na@pd péoa oTnv KEQAAA TNs aykUpwaons dnpioup-
YOVTAs pia PIKpA anwAeia Tdons oTo Nicw PEPOS
Tns aykupwons. AuTh n anwA&ia Tdons nNpénel va
AapBdverar un’ dYiv 6Tous UNOAoYICHOUS TNS Mpo-
évraons, €101Kd o€ TEVOVTeS PIKPOU PhKous (<15m)
Kal pnopei va undevioTei h va eNaTTwBei v yivel u-
nepravuon.

H enippon tns oAioBnons Twv o@nvav Npénel va a-
vaypd@etal oTo NPOypaAppa Tavuons.

H oAicBnon auth pnopei va AngBei yevikd 5~6 mm.

Losses due to wedge set

After the wedges are finally locked, they slightly
recede into the anchor head causing a loss of
tension at the back of the anchorage.This tension
loss should be taken into account to the
calculations, especially in tendons of short length
(<15m) and can be completely or partially
compensated with overstressing.

The compensation of the wedge draw-in should be
mentioned at the tensioning program.

The wedge draw-in is usually 5~6 mm.

o
i
(01 N :
Ou
O
X
<—d—> /
<~ ———————————>
Ou = Gi 21TE Od=0'1+0'0L
d 2
‘Onou: Where:
r=0oAoBnon Twv opnvedv r= wedgedraw in

/= pnkos Tou Tévovia 6nou yvwpiloupe TNV T6-
on (unopei va A\ngBei 1o PNKos Tou TévovTa)

o/= nT1don Tou Tévovia ot andotacn £ and Tnv a-
yKUpwon

0i= nT1don o610 YypUAO

E = 710 pérpo eAaoTIKOTNTAS Tou XAAuBa

d= 710 pnkos Tou Tévovta nou ennpedletal and
TNV oAicBnon Twv oenvodV

0«= H 1don Tou TévovTa peTd TNV OANicBnon Twv
opNVAV.

oda= H 1d0n 10U TéVOVTa Ot andéotaon d and Tnv
aykupwaon.

/= tendon length where we know the tension
(the cable length can be used)

o,= the tension at distance ¢ from the anchorage

oi= the tension at the jack

E = Elasticity modulus of strand

= the affected tendon length by the wedge

draw-in

o« = the tension of the tendon after the wedge
draw-in

oda = the tension of the tendon at distance d from
the anchorage.

FELEMEA EF
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Post tensioning system / \Iga

Towpevtéveon

H noiétnta Tou napayduevou evéuaros KaBws Kal
ol epyaoies TolpevTéveons kahuntouv 1o EN 445 kai
10 DIN 4227, 81671 KGO€ XUVvBeon EvépaTos eéyxetal
oTd £PYAOTAPIA Pas NPoToU £papuUoobEi.

H EAEMKA A.E. éxovtas KANPOVOUNGEI TNV TEXVO-
yvwaoia tns ALGA kai anokopifovTas JeydAn pnel-
pia anod Tis epyaocies MNMpoéviaons otn [€pupa Tou
Piou-AvTtippiou dnuioUpynaoe éva epyactnpio oki-
M@V, oTIS eyKataoTdogls Tns oTn ©gaoalovikn, Kal
eni 3 étn npaypartonoloUog OOKIWES yia TNV oUVOE-
on evépaTos nou 6a KaAUNTEN TIS AUCTNPATATES NPO-
Olaypagés tou ETAG 013 - GUIDELINE FOR
EUROPEAN TECHNICAL APPROVAL of POST-
TENSIONING KITS FOR PRESTRESSING OF
STRUCTURES - ANNEX C.4.3. SPECIAL GROUT.

H EAEMKA egivail og Béon va napackeudoel TOIUEVTEVE-
Ja Tou onoiou Ta XapakTNPICTIKA gival dpioTa (kai Pd-
NoTa e SoKIPES MOU NP®TN AuTh éKave otnv EANAOQ).
A&iCel va onpeIooUpE Mws N IKavornoinon Twv anai-
thoewv Tou ETAG 013 - SPECIAL GROUT o¢ lMNaveupw-
naikd Eninedo, pnopei va eniteuxBei and eAdxioTes
Eraipeies.

l'a va napackeuaaoTei auté To UPNAAS MNoIATNTAS TOI-
pevrévepa, n EAEMKA xpnoiponolei €101kEs pnxavés,
KATAAANAG KNAIOEUEVO OUVEPYEIO [IE TEXVITES UPN-
Aou eninédou kal EiIdikn LUvBeon Evéuaros.

Grouting

The quality of the produced grout and the work
done complies with EN 445 and DIN 4227, because
every Grout Composition is tested to our labs
before the in-situ application.

Due to the inherited knowledge from ALGA and to
the experience derived during the works on Rion -
Antirrion Bridge, ELEMKA S.A. created its own
Laboratory at its Thessalonica workshop. After 3
years research and trials ELEMKA S.A. succeeded to
develop a perfect grout composition which
complies entirely with the strict criteria of ETAG
013 - GUIDELINE FOR EUROPEAN TECHNICAL
APPROVAL of POST-TENSIONING KITS FOR
PRESTRESSING OF STRUCTURES - ANNEX C.4.3.
SPECIAL GROUT.

ELEMKA is able now to produce this high quality
grout (with tests that only ELEMKA made in Greece
for the first time). We can notice that the
satisfaction of the requirements of ETAG 013 -
SPECIAL GROUT all over Europe, can be achieved
by a small number of companies.

To produce this high quality grout, ELEMKA uses
special Grouting Equipment, technicians with high
level of training and a special grout composition.

== ",
Grouting at Wadi Leban bridge (Riyad)
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Texvikés Tolyeviéveons - Grouting Techiques

O1 TévovTes evepaT@®VOVTAl OUVNBWS APECwWS PETA
TO OQPAYICHA TWV PETOMNWY PE OKUPOOEUA N JE EI-
OIkd kandkia.

Mpiv Tnv evepdtwon, 1o €&eIOIKEUPEVO GUVEPYEID
Tns EAEMKA Ba kdvel é\eyxo pe aépa unod nieon yia
va e§ao@aliosl 611 dev UNAPXOUV UNAOKAPICHEVOI
TévovTes. H xphon vepoU Oev evdeikvutal, yiati o
nepinTwon unAokapiopévou tévovia Ba diaBpwoel
Tov xdAuBa. ‘Otav xpnoigonoloUvidl ayKup®oEls
TUnou “K” Ba nponyeital n ToIPEVTEVEGN TOU NPON-
yoUpEVOoU TEVOVTa and TNV TAVUON TOU ENOUEVOU.

H toipevréveon Ba yivel Pe pnxavés nou pnopouv va
napdyouV éVepad Mou KAAUMTEI TIS AMNAITACEIS TOU £pyOu
(ouvnBws EN 445 kai DIN 4227) kai yiveral und nieon.

‘Otav anoé éAa 1a e§aepIoTIKA TOU TEVOVTA péel EVE TNS
id1as uens pe To Napayopevo autd Ba oppayiCovrai kal
Ba diatnpnBei nicon 5bar oTov Tévovta yia Tmin woTe
va e£a0@aNIoTEl N MANPATNTA KAl N oTeEyavéTNTd TOU.
Ta £161KA oxed1a0péVa CWANVAKIA TOIPEVTEVEONS E
Ta kandkia kai Tis €101kés BanBides e§aopaiiCouv
auTh Tn diadikaaoia.

O Noyos vepou npos Tolpévio (w/z) Ba diatnpeital oe
600 T10 duvaTtév XapnAd enineda ®oTe va e§acPaANi-
Covtal n xapnhn e&idpwon kai petTaBoAn dykou Tou &-
VEPATOS, AANG Kal N AVeTn el0aywyh oTov TEVovTa.

O1 peo)oyikés IKAVOTNTES TOU EVEPATOS EAEYXOVTAI
ano Tous €EIOIKEUPEVOUS TEXVITES HAS [IE TOV KWOVO
nou npoBAéneral and 1o EN 445 kai eival ndvra pé-
oa ota opia 10~ 25sec.

* TNV TEXVIKA KAPTENA TNS KEQANNS aykUpwaons “M”
Qaiveral n BewpnTiKN KATAVAAwoN evéparos oe It a-
vd 1Uno Tévovra.

Tendons are grouted usually immediately after
sealing of the recess in the anchorage zone with
concrete or with grouting caps.

Before grouting, the trained personnel of ELEMKA
will check the tendons for blockage using
compressed air. Water should not be used, because
in the case of a blocked tendon it will corrode the
strands. When type “K” anchorages are used the
grouting of the previous tendon will be done
before the tensioning of the following one.

Grouting will be done with equipment that can
produce grout that covers the requirements of the
project (usually EN 445 and DIN 4227) and will be
done under pressure.

When grout of the same quality as the produced
one comes out from all the grouting vents, they
will be sealed and a pressure of 5 bar will be
maintained for 1 min on the tendon in order to
assure tightness.

The specially designed grouting vents with the
caps and the special grouting valves assure this
procedure.

The water to cement ratio (w/c) will be as low as
possible, thus providing a grout with low bleeding
and volume change, and a fluidity which allows to
pass through the tendon.

The fluidity of the grout is checked constantly by our
trained technicians with the flow cone according to
EN 445 and is always kept between 10~ 25sec.

* At “M” anchorage technical card is seen the
theoretical consumption of grout in It per tendon

type.
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H noodtnta Tou evéparos oe It/m tévovra e§dyeral
and Tn oxéon:

LioTnpd npoévracng Algacable

The grout quantity per It/m can be given by the
formula:

Qi \2
m(—=-)-An
()
1000
Qi(mm) = €0WTEPIKN OIAPETPOS TOU . . .
, Qi(mm) = inner diameter of the sheath
nepIBAAPATOS
5 . . A(mm?) = 1 strand area
Almm?) = enipdvela 1 cUPPATOOXOIVOU L
, , n = number of strands inside the
n = nNANBos cuUPPATOOXOIVWV OTOV

TévovTta

Me 100kgr Toipéviou napackeudlovtal 72~74 It e-
VEPQTOS.

tendon

With 100kgr of cement we can have 72~74 It of
grout.

a  Aoxipn e§avaykaopévns e&idpwons cUPPwva
pe 1o ETAG 013 - Special Grout.

b  Aokipn enikAivous cwhnva cUPewva
pe To ETAG 013 - Special Grouting.

¢ Aokiyn g&§idpwons - MetaBoAns dykou
oUpwva pe 1o EN 445.

d, e Mnxavés evepdtwons.

f  AvrAia kevou.

To vepd CuyiCetal pe akpiBeia pe €101kés diatd&els,
woTte va e§aoceahiCetal n otaBepdTnTa TNS oUVOE-
ONs TOU €VEPATOS.

YuvhBws yia 36~38lt vepou kal 100kg ToIpévTOU
napdyovtal 72~74lt evépatos.

Y& nepinTwon Nou undpxel anaitnon va yivel ToIpeE-
vTéveon gV KeV® undpxel €101KA avThia kevou, n o-
noia pnopei va xpnoipgonolin®ei.

a  Wickinduced testing according
to ETAG 013 - Special Grout.

b  Inclined tube testing according
to ETAG 013 - Special Grout.

¢ Bleeding and Volume change test
according to EN 445,

d, e Grout plants.

f  Vacuum pump.

Water is batched through accurately weighing
devices, in order to secure the stability of the
produced grout.

Usually with 36~38It of water and 100kg of cement
we can produce 72~74lt of grout.
In case that vacuum grouting is required a vacuum
grouting pump can be provided.

o
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H EAEMKA A.E. eival miotonoinyévn kard ELEMKA S.A. is certified with
I1SO 9001:2000/ EN ISO 9001:2000 ané 1o 2001 ISO 9001:2000/ EN 1SO 9001:2000
pe apiBud niotonoinTikoU: 04 100 20010044-E9. certified from 2001 and the certification ID is:
04 100 20010044-E9.
H ALGA Spa eival niotonoinpévn kard
ISO 9001:2000 pe apiBud nicTonoINTIKOU ALGA Spa is certified with 1ISO 9001:2000
IT-0073 1GQ9305 kai hugpounvia with certification ID: IT-0073 1GQ9305
nP®TNS niotornoinons 1o 1993. and date of first certification: 1993.
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