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= Uvod

= Zakladniidea predpjatého betonu
= Napétiv MSPavMSU

= Draha predpinaci vyztuze

= Navrh a posouzeni MSP
= Materialy
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Podklady a literatura

Kontakt: vitek@fsv.cvut.cz
Podklady:

fib — International Federation for Structural Concrete

www.fib-international.org

Casopis Structural Concrete
Bulletiny (od 1998-2020 94 Bul.)
CBS — Ceska betonafska spoleé¢nost CSSI

www.cbsbeton.eu

Studentské clenstvi
dokumenty fib k dispozici

Casopis Beton

Konference ,,Mosty“ — obvykle duben www.sekurkon.cz
Kniha: Historie pfedpjatého betonu, J. Vitek, CKAIT, 2016
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Zakladni idea predpjatého betonu

= Nizka pevnost betonu v tahu
= Reseni 1 - Zelezobeton
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Zakladni idea predpjatého betonu

= Beton — nizka tahova pevnost, vysoka tlakova pevnost
= Redeni 2 — Eliminace tahu = pfedpjaty beton
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Usporadani predpeti
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Draha predpinaci vyztuze

i Vi 2 Casti konstrukce
T O OO SO

\ m— sai " T (1 ’ ’
‘R i ‘:7{’5 - Betonovy nosnik
A B 4 a - Predpjaty kabel
AN L1
et - - Zatizeni ve vzajemne
rovhovaze
" fiia; :
1T f 47
et k 1 ,
: Pe=M =—-pl

P L
SN C L Ve - __ 8Pe
e p_ 12

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - uvod



BK-03 K + C, J.L. Vitek

Draha predpinaci vyztuze

2 Casti konstrukce

- Betonovy nosnik
- Predpjaty kabel

- Sily ve vzajemné rovnovaze
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a=3—10deg=0

cosa =1

Py =P cosa=P

P, =P sina #0
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V4 V4

Principy predpinani

= Predpéti plsobi proti zatiZzeni

= Predpéti vyrovnava cast zatizeni

= Predpéti je dlouhodobé zatizeni

= Predpéti je vhodné pro konstrukce, kde velka cast zatizeni je
dlouhodobé zatizeni. (Je vhodné pro konstrukce s vétSim
rozpétim)

= Pokud se predpéetim vyrovna celé zatizeni konstrukce, je jenom
tlacena

= Stupen vyrovnani zatizeni je rozhodujici pro deformace

* Trajektorie predpéti je zavisla na pusobicim zatizeni

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - uvod
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MSP a MSU (pouzitelnost a bezpe&nost)

Zatizeni se zvétSuje (Predpéti zustava konstantni)

' T O Oy Oy MsP

B e R :-.,Z
T " //+ i I

- / / a_L——"'j Al
=3 Ny N —0“
i R —t—F ==t

HOZFH- Trhlina Plasticita MSU

Rostouci zatizeni g
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Navrh predpéti

1. Stanoveni rozmérd konstrukce (prirezu)
= Zazakladé zkusSenosti a analogickych konstrukci

2. Predpéti se navrhne na zakladé kritérii MSP (na rozdil od
zelezobetonu)

3. Podminka: vyloucit tah v prufezu
(Priklad prostého nosnl'ku)
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2 neznamé: predpinaci sila P, excentricita e
Odhad excentricity e, vypocet predpinaci sily P
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Posouzeni konstrukce

1. Stanoveni zatizeni (stala a proménna zatizeni, kombinace dle
CSN EN 1990 pro MSP a MSU
2. Posouzeni MSP
= \lypocet napéti ve ,vSech” prirezech
= Kontrola napeéti
o, < 0.6 f. (char. komb.)
o, < 0.45 f.; (kvazistala komb.)
o4 <0 (Castda kombinace)*)
*) Podrobnéjsi kritéria (CSN EN 1992-1-1)
os < 0.8 fyi
op < 0.75 fri
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cvurt )
. AP Posouzeni konstrukce
= Posouzeni $itky trhlin — Plati CSN EN 1992-1-1

Tabulka 7.1N — Doporucené hodnoty Wyax (mm)

Stupen vlivu prostredi

Zelezobetonové prvky a prvky predpjaté
nesoudrznou vyztuzi

Prvky predpjaté soudrznou vyztuzi

Kvazi-stala kombinace zatizeni

Casta kombinace zatizeni

XS2, X33

X0, XC1 0.4" 0.2
XC2. XC3, XC4 0.2%

0.3
XD1, XD2, XD3. XS1. Dekomprese

T Pro stupné vlivu prostiedi X0, XC1 nema $ifka trhliny vliv na trvanlivost a uvedena hodnota ma vést k obecné piija-
telnému vzhledu. Pokud nejsou kladeny pozZadavky na vzhled, |1ze uvedenou hodnotu zvétsit.

2 Pro tyto stupné vlivu prostiedi ma byt kromé toho posouzena dekomprese pri kvazi-stalé kombinaci zatizeni.

= Omezeni pruhybu
= Pravidla pro pozemni stavby
" Pravidla pro mosty

BK-03 K + C, J.L. Vitek
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Materialy pro predpjaty beton

Beton (Zelezobeton) a soucasti predpinaciho systému

Predpinaci systém

= Predpinaci ocel (draty, lana, tyce)

= Kotvy

= Kabelové kanalky

= |njektdz (cementova malta, tuky, vosky)
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BK-03 K + C, J.L. Vitek

Min. tlakova pevnost C30/37, LC 35/38

Rychly narlst pevnosti v Case — predpinani je mozné pfi
dosazeni 80% of 28-denni pevnosti

Malé objemové zmény, dle moznosti (male dotvarovani a
smrstovani)

Pokud je beton v kontaktu s predpinaci oceli— Ph > 12 (cement
CEM | je pozadovan)

Dostatecné kryti a minimum trhlin

Pevnostni parametry —f_ — char. pevnost, f_,— prumérna

pevnost
f:m = fck + 8 [MP"-I]

Modul pruznosti — dulezity pro deformace, specifikace nutna

P — 1 Predpjaty beton - uvod
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Predpinaci ocel

= \lysokopevnostni ocel — mensi duktilita
o Tahova pevnost-f; (1770 — 1960 MPa) - lana

Mez kluzu - f , ; — trvala deformace po odtizeni = 0.1%
Modul pruznosti 190 — 205 Gpa

Relaxace napéti — méri se v dobé 1000 hodin
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* Mereniv case 1000 h pri urovni zatizeni 0.7 f
* Dlouhodoba relaxace se extrapoluje
* Relaxace napéti zavisina - dobé zatizeni

- urovni predpéti
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== Predpinaci ocel

Draty J=3-7mm
Lana slozeny obvykle ze 7 drat(
Kabely soustava paralelnich lan (2 — 55)

Litzendurchmesser 15,3 mm verdichtete Litze 12,7 mm
o > le »l
T-driihtige
Litze
Nenndurchmesser: 15,3 mm = 0,6" Nenndurchmesser: 12,7 mm
Nennquerschnitt: 140 mm? Nennquerschnitt: 112 mm’

Einzeldrahtdurchmesser
AuBendrihte/Kerndraht: d = 5,0/5,2 mm

BK-03 K + C, J.L. Vitek
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Leske vysant
uleni TECHNICKE
¥ PRAZE

Technical Data

Predpinaci ocel — Lana

Type
Code
Specification

Yield Strength fyo 1k
Ultimate Strength fpx
Nominal Diameter
Cross-Sectional Area
Weight
Ultimate Load
Modulus of Elasticity
Relaxation® after

1,000 h at 0.7 x
Ultimate Strength fp¢

[N/mm?2]
[N/mm?]
[mm]
[mm?]
[kg/m]
[kN]
[N/mm2]

[%]

12.9 mm (0.5")
ASTM A 416 | prEN 10138
Grade 270 BS 5896
1,670" 1,6402
1,860 1,860
12.70 12.90
98.71 100.00
0.775 0.785
183.7 186.0

1) yield measured at 1% effective elongation

2) yield measured at 0.1% residual elongation
3) applicable for relaxation class 2 according to Eurocode prEN 10138/BS 5896: or low relaxation complying with ASTM A 416, respectively.

BK-03 K + C, J.L. Vitek

15.3 mm (0.6")
ASTM A 416 | prEN 10138
Grade 270
1,670 1,6362)
1,860 1,860
15.24 15.3

140.00 140.00
1.102 1.093
260.7 260.0

~195,000

max. 2.5

15.7 mm (0.62")

prEN 10138

BS 5896
1,5602)
1,770
156.70
150.00
1.180
265.5

prEN 10138

1,6402
1,860
15.70

150.00
1.172
279.0

P — 1 Predpjaty beton - uvod
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Threadbars

Predpinaci ocel — zavitoveé tycCe

Threadbars are available in diameters
17.5,26.5, 32, 36, 40 and 47 mm.

The threadbars feature continuous
hot-rolled ribs providing a right-handed

thread along the entire length.

The threadbar can be cut anywhere and

is threadable without further preparation.

The threadbars are specified by
nominal diameterand WR, e.g. 26 WR

BK-03 K + C, J.L. Vitek
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Plain bars

Predpinaci ocel — hladké tyce

Plain bars are available in diameters
32 and 36 mm.

Both ends of a plain bar cut to the length
specified in the project are provided with
special cold-rolled threads.

The thread lengths are manufactured in
the shop according to the specifications
of the project.

The plain bars are specified by
nominal diameterand WS, e.g. 32 WS.

BK-03 K + C, J.L. Vitek
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== Predpinaci ocel —tyce

yrnaxe

Technical data
THREADBAR® | Painbar
Nominal diameter| d. [mm] 15 26.5 32 36 40 47 32 36
Cross sectionarea| S, | [mmJ 241 552 804 1,018 1,257 1,735 804 1,018
Nominal mass permetre'| M | [kg/m] 1.96 4.48 6.53 8.27 10.20 14.10 6.31 7.99
Pitch c [mm] 8 13 16 18 20 21 3 3
Characteristic breaking
liad E. [kN] 255 580 845 1,070 1,320 1,820 845 1,070
Max. initial stressing force?
Pmomax=Sa X 0,8 xf [kN] 204 464 676 856 1,056 1,457 676 856
Max. overstressing force? kN] | 219 499 722 912 1,131 1,566 722 912
POM‘: Spx 0,95x pr.‘Ik ’ ’

"The nominal mass per metre includes 3.5% not load bearing portion of ribs.

“The givenvalues are maximum values according to Eurocode 2, i.e. min (k,xf, k;x f,, ;) applies. The fulfiliment of the stabilization criteria and the requirements fo
cracks width in the load transfer tests were verified at 0.8 x F .
Fok=Sx
Foo.1k=SnX f50.1k

*Overstressing is permitted if the force in the prestressing jack can be measured to an accurary of £5% of the final value of the prestressing force.

Pfiblizné hodnoty: fo.1k =950 Mpa, f,, = 1050 MPa

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - uvod




= Profilované ocelové

= Plastové

= Silnosténna ocelova trubka
= Betonové

Profilované ocelové kanalky
= Lehké

= Levné

= Nejsou dokonale tésné

= Soucinitel treni = 0.2

BK-03 K + C, J.L. Vitek
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Kabelové kanalky

Plastové
= |Lehké
= Drazsi nez ocelové profilované
= Tésné

= Elektricky izolacni

= Souc. treni~0.12-0.14

——— . ————

BK-03 K + C, J.L. Vitek

P — 1 Predpjaty beton - uvod

25



Kabelové
kanalky

Ocelové trubky

= Tezké

" Drahé

" Pouziti jen tam, kde je to
nezbytné nutné

= Snadnéjsi protahovani lan

= Souc. treni = 0.15

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - Uvod &



Betonové

" Drive u segmentovych konstrukci

= Soucinitel tfeni = 0.3

= Mala ochrana
proti korozi %
nedoporuceno!

\“

L

BK-03 K + C, J.L. Vitek
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Leske vysant
uleni TECHNICKE
¥ PRaze

Mimo pruirez

= Pdlsobi jako vnéjsi zatizeni betonové = L
konstrukce

= LepSi moznosti kontroly nez u vnitrnich
kabell

= Lehdi prirezy

= Slozitéjsi statické pUlsobeni

P

Diaphragm Anchorage -/

Grout inlet / outlet and vents
> rafer to Working Procedures {S. Grouting)

Tendon Supports

' . Lty VA Ls SR . _

L } { i ] : « during instaliation
-m:\ ! .- temparary support of PE
~ T\\ b . pipes required

\ — . ey

during service

permanent supports
) required in case ol
—l——“ distances between

deviators and/ar
anchorages exceeding
15m for road or 12m for

Detail nt deviator railweay bridges.

D Sm—
N
Bursting Reinforcement
Refer 10 corresponding Dota Shaaet

Clearance for Operations
d = requirad clearance for instalfation of jacks stressing operations

* for external tendons the clearance batweean ok and soffit of
girder has to be considered
» rafer to Technical Block

PE Pipe 1
Strands /

Gromt Recess formed by “Diabalo™
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Bleed
Vater

Cementova malta
= Pevnost min 30 Mpa

= Schopnost vyplnit prostor (tekutost)
= Nizké odlucovani vody 0% po 3 h.

Measured bieed for Insert 100mm of eitherl3 Measured bleed for

up to 3 hours mm or 15 mm diamster  upto3 hours
Slozeni
= Cement
= Popilek, struska,
mikrosilika

= Chemické prisady
* Voda (w/c < 0.45)

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - Uvod &
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Spannglied

(n) | -

=]

<+——— Spannglied

Celisti se vtla¢i mezi lano a kotvu
(zaddny pohyb mezi Celistmi a
lanem)

Konecny stav —lano
zakotveno

P=R;
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Deskova kotva ED (DSI)

721

A4
Ay
. &
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Viceurovriova kotva MA (DSI)

Ay

Ultimate Load

[kN]

to
1.395

Stressing
Anchorage

BK-03 K + C, J.L. Vitek

v

Dead End Anchorage Ultimate Load
Accessible not Accessible [kN]
from to
v v 1,201 15,345

P — 1 Predpjaty beton - uvod
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Stressing Dead End Anchorage Ultimate Load
Anchorage  Accessible not Accessible [kN]
from to

- - v 721 6,138

BK-03 K + C, J.L. Vitek P — 1 Predpjaty beton - uvod
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Kotvy - lana

Plocha viceurovnova kotva FMA (DSI)

Stressing Dead End Anchorage Ultimate Load
Anchorage  Accessible not Accessible
from to
v v v 551 1,395

Flat PE/PP Duct

I , |
— - 1

/

a

A | B | a | b |WaThickness A
o' o8 | o) | o | o) | o [ o
5902 6802 52.5 36.5 37.5 215 2.0
5004 6803 85.5 36.0 71.0 21.0 2.0
5905 6804 90.0 400 75.5 25.0 20
5907 6805 105.0 40.0 91.0 22.0 2.0
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