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1 MATERIAL
1.1 Betdn
Trieda betdnu C 35/45

Charakteristickd pevnost v tlaku: fck =35 MPa
Sucinitel spolahlivosti: V.= 15
Sudinitel Ucinkov tlkového zatazenia : A= 0.9
Sucinitel Uc¢inkov tahového zatazenia: A= 1.0
Strednd hodnota pevnosti v tlaku: fctm =3.2 MPa
0 . o _
5% kvantil pevnosti v tahu: fctk0,05 2.2 MPa
Medzné pretvorenie: €3 ™ 0.0035%
Modul pruznosti: EC =35 GPa
35 MPa
Ndvrhovd pevnost v tlaku: f  =a * =09* —— |=21MPa
cd “cc 15
ctk0,05 2.2 MPa
Ndvrhovd pevnostv tahu: f . =a * —— |=1*|—|=1.467 MPa
ctd “ct y 15
C
1.2 Predpinacia vystuz Y1771 S7 - 15,7
Charakteristickd pevnost v tlaku: fpk =1770 MPa
Charakteristické zmluvné napdtie: pr T 1560 MPa
Sucinitel spolahlivosti: Y = 1.15
Modul pruznosti: EIo =195 GPa
Priemer lana: Qﬁp =15.7 mm
Plocha lana: Ap =150 mm2
Priemer kandliku: & =65 mm
duct
pr,lk 1560 MPa
Ndvrhovd pevnost v tahuf | = = = 1356.522 MPa
pd 1.15
s
1.3 Betondrska vystuz B500B
Charakteristickd pevnost: fyk =500 MPa
Sudinitel spolahlivosti: Y = 1.15
Modul pruznosti: Es =200 MPa
fyk 500 MPa
Ndvrhovd pevnost v tahu: f = —— =———— =434.783 MPa
yd 1.15

S



2 GEOMETRIA

e Rozpatie: L=21m
e Hrubka: h=0.85
e Priemernd hrubka: hd =0.8m

e polomer zakryvenia: r=20m

. Sirka mostu 9550 mm .
1 g0 Kategorijna Sirka komunikicie 7500 mm . 1250 ’Iv
1300., 500 '!, 3750 . 3750 1_, 500 , 520 60 170
1 1 T |i I
g
H|
E
2
i1
_ o
I
=

Sirka nosnej konétrukcie 8950 mm [300],

Obr. 1 - Sirkové usporiadanie komunikdcie



Dlika nosnej konétrukeie

Obr. 2 - P6dorys mostnej konstrukcie




3 VYPOCTOVY MODEL
e Analyzované pomocou scia engeneer

e Model prevedeny na konstantnu hribku hd = 0.8 m, aby bola dodrzand plocha Ad =7.16 m2

na priereze v polovici rozpdtia

Previslé konce za teoretickou podporou su zanedbané
e Podoprenie je na kazdom konci v pdtindch sirky dosky (6x na kazdej strane)
. 8950 .
/|, 750 L 3500 . 3500 , 1200 I],
1 1 1 1 1

790

Obr. 3 - Skutocny prierez v polovici rozpdtia

L 8950

Obr. 4 - Zjednoduseny prierez v polovici rozpdtia

Obr. 5 - Axonometricky pohlad na vypoctovy model



4 ZATAZENIE - RUCNY VYPOCET

Zatazenie bolo v ruénom vypocte uvazované na 1mb stredovej Sirky dosky
4.1 STALE ZATAZENIE

4.1.1 Vlastad tiaz beténovej dosky

R . _ ~ 2
podorysnd plocha: Apéd =228315m
hridbka konstrukcie: hd =0.8m
kN
objemovd hmotnost zelezobetdnu: Iy = 25 73
m

e vypocitand vlastnd tiaz:

) kN
=228315m" *0.8m*25 — =4566.3 kN
m

— * *
Go=Apad MNa ™ Iz

e Vlastnd tiaz vygenerovand pomocou scia engenner

G. . =4567.23kN
Oscia

e Moment od vlastnej tiaze:

kN
MgO,k,scio =1287.60 -

4.1.2 OSTATNE STALE ZATAZENIE
Vozovka:
e Aco hrubky 0.04m

2 kN kN
g =03m~*24 — =72 —
Aco 3 m
m
e Ochrannd vrstva hrubky 0.06m
2 kN kN
g . =045m"~*24 — =108 —
Ochrannd vrstva 3 m
m
e Izoldcia hrubky 0.01m
2 kN kN
g_ .. =0075m"*11 ——=0.825 —
izoldcia 3 m
m
kN kN kN
Iv0z = IAco * Y0chrannd vrstva * dizolacia = 72 m +108 m +0825 m
Rimsy:
e Pravd zelezobetonovd rimsa
plocha pravej rimsy: Arpl =0.344 m2
* 2 * 2 kiN kiN
grp = Arpl Iy, = 0.344m 5 3 8.61 -
m
e Lavd Zelezobetonovd rimsa
plocha lavej rimsy: Arl’l =0.247 m2
. 2, kN kN
9= Arl’l 9y, = 0.247 m~ * 25 =6.175

m
m

kN
=18.825 —



Zvodidld a zdbradlie:

e Zvodidlo
) kN
9 T
Zvodidlo m
e Zdbradlie
kN
97¢bradiie = 0° m
e Zatazenie na pravu rimsu od zvodidla a zdbradlia
[1 kN o5 kN} e kN
J-- _=(9 N e . |={1—+05—|=15—
Z7p ( Zvodidlo Zobradllej m m m
e Zatazenie na lavud rimsu od zvodidla
) kN
g L= g . = I
ZZI' “Zvodidlo m
ostatné stdle zatazenie na 1mb
b=1m
Yoz * grp 9t gZZp 9771
911mb 8.95
kN kN kN kN kN
18825 — +861 — +6.175 — +15 — +1 —
m m m m m kN
- =4.035 —
8.95 m
M =1/8* *L2—01/8*4035 KN 2
glk~ 7° 911mb - T R

8 1mty = Broz ¥ Bor ¥ B * Bz, * By = 4,035 kN/m

*21m™ =222.409 m* kN =222.409 kN * m

| 8950

Obr. 6 - Ostatné stdle zatazenie na prdtovom modeli

4.2 PREMENNE ZATAZENIE
Regulacné sticinitele a. st uvazované pre komunikdcie skupiny 1

ag Q2 Q3 Oqi Oq2

Uqii>2) A Ogr

1 1 1 1 2,4

1,2

Tab. 1 - Regulac¢né sucinitele
4.2.1 LM1 tandem systém - ru¢ny vypocet

Roznos pod uhlom 45° po tahany okraj, spolupdsobiaca sirka k pripocitand na kazdu

stranu




Usporiadanie do pruhov

Wiom = 7.5 m - Sirka komunikdcie v polovici rozpdtia mostu
npruh = 2 - pocet pruhov
Wpruh =3 m - Sirka jedného pruhu

= - * = - * —
W oytok = Vkom " Mpruh  Wprh = /-5 M-2*3m=15m

Sirka komunikacie = 7500

w, = 3000 w; = 3000 ,

" Wiy = 1500

1
1

.P____\‘A‘

PRUH .1 ,]| PRUH C.2 ’ll PRUH €3
| |
| |
L I

7 )

Obr. 7 - Rozdelenie do zatazovacich pruhov

Pruh ¢&. 1:
umiestneny pri lavej (kratsej) rimse, blizsie ku okraju nosnej konstrukcie

, L
maximdlna spolupdsobiaca dizka: k = g =35m
normové zatazenie na ndpravu: Q1 K" 300 kN
regulacny sucinitel: O(le =1.0

zatazenie na ndpravu: Q1 = * Q1 K= 1 *300 kN =300 kN

O(Q,l
roznos v priecnom smere: bSl =7.615m

roznos v pozdfinom smere: Is =171m

1
ekvivalentné zatazenie na roznosovu plochu pruhu 1:
Ql 300 kN 53,039 kN
q = = = . I
TSIk p | 7615m* 171 m
sl sl m

e Reakcia v podpore:

—h *
R l—bl

kN
=1m*1.71m™*23.039 — =39.396 kN
TS, 2

m
e Moment od tandem systému v pruhu 1:

. L . Isl
Mrsik=Rrs1™ |5 " Rrsi™l

*
s1 9Irs1k

m
=379.974kN*m

=39.396 kN * -39.396 kN *
— *

MTSl,k =379.974 kN *m

Pruh &.2:

maximdlna spolupdsobiaca dizka: k = 3.5 m
normové zatazenie na ndpravu: Q2 K= 200 kN

regulac¢ny sucinitel o, . = 1.0

Q.2

11



zataZenie na ndpravu Q2 = O(Q 5 * Q2 K- 1* 200 kN = 200 kN

roznos v priecnom smere b52 =895m

roznos v pozdllinom smere I52 =171m

ekvivalentné zatazenie na roznosovu plochu pruhu 2

Q2 200 kN 13.068 kN
TskTp w1 T gesmrizim
s2 s2 m
¢ Reakcia v podpore:

—h *
R 2—b|

TS,

kN
* — * * _— =
<2 Ysok " I1m*1.71m*13.068 ) 22.346 kN

m
e Moment od tandem systému v pruhu 2:
I

. L . s2
Mrsak=Rrs2™| 5 | Rrs2™| 5
. m
= 22346 kN * - 22.346 kN * } = 215531 kN * m
— *
Mgy = 215531 kN *m

Sucet momentov od obidvoch zatazovacich pruhov
prekryvanie roznosovych ploch: c = 7.615 m

C
M =M +M A
TS127 TSk T2k | g ep_ - C}

7.615m
2*7615m-7.615m

=379.974 kN*m + 215531 kN *m * [

C
M =M +M o E—
TS,2,1° "TS2k T VTSLk [ 2%b_, - C}

7.615m
2*895m-7615m

=215531kN*m +379.974kN*m * [ } =496.863 kN *m

— — * *
. Max(MTS' 12 Mrso 1) = Max(595.504 kN * m, 496.863 kN * m)

=595504 kN *m

— *
MTS,k = 595,504 kN *m

} =595504 kN *m

12



8O0

3000 3000 1500

= - - "y
1 PRUH C.1 1 PRUH C.2 1 PRUH €3 1
| 300kN 00KN | 200kN WOKN | [
| [ IJ“! [J_‘ | |
| & - x | r/_/ //
. P .
4 K
%, \‘\ ‘iﬁ* AN
— i >
L 4115 L k= 3500 L
A Ed A
L b,, = 7615 L
A A
L k> 2895 L 4220 1 k> 1835 L
a Cl Ed Cu
L by = 8950 L

Obr. 8 - Roznos zatazenia tandem systému na prdtovom modeli
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regulac¢ny sucinitel: O(q 1= 1.0
. L) kN
g1 =t 57,
m m

plosné zatazenie: q =

Sirka pruhu: bpl =3m

roznos v priecnom smere: b =70m
roznl

ekvivalentné zatazenie na roznosovu plochu:

kN
. 9 *3m
;" boq m? kN
AGUDL1K = 5 = S = 3.857
roznl m
moment od UDL v pruhul:
M =1/8* *Lz*b—01/8*3857 N *21m2*lm
ubL1k~ ~° 9uDLik - ' 5
m
=212625kN*m
Pruh ¢&.2
L kN
normové zatazenie: 9= 25 5
m
regulacny sucinitel: O(qyz =24
e . . kN kN
plosné zatazenie: a, = aq,Z q2,k_ 24*25 . 6 5
m m

Sirka pruhu: bp2 =3m

roznos v priecnom smere: b =895m
rozn2
ekvivalentné zatazenie na roznosovu plochu pruhu ¢.2:
*
) kN
AGUDL2k = =2.011 5
rozn2 m

moment od UDL v pruhu 2:

*21m2*1m

2 kN
M =1/8* * "*pb=01/8*2.011

UDL,2.k 9uDL2k

=110.866 kN *m

Pruh ¢&.3 - zvySok

kN
normove zatazenie: q3’k =25 72
m
regulacny sucinitel: aq’3 =1.2
e . . kN kN
plosné zatazenie: a3 = aq’3 q3,k— 12*25 . 3 5
m m
Sirka pruhu: bp3 =15m
roznos v priecnom smere: b =595m
rozn3

15



ekvivalentné zatazenie na roznosovu plochu pruhu ¢.2:

kN
- 3 *1.5m
93 p3 m2 0.756 kN
q = = = . I
UDL3k 5.95m 2
rozn3 m

moment od UDL v pruhu 3:

M =1/8* *Zlmz*lm

UDL,3k ~

*12%b=01/8*0.756 KN
9uDL3k = '

=41.691 kN *m

e Sucet momentov od vsetkych zatazovacich pruhov:

Cl,2 =7.0m
c1,3 =3.995m
. 1,2
MubL12 =MubLik *MubLak | 5« _
2*b C
roznl 71,2
7m
=212625kN*m+ 110.866 kN*m*| ————— |=323.491 kN*m
2*7m-7m
. 1,2
MUDL,Zl - MUDL,Z,k - MUDL,l,k * -
2*b C
rozn2 1,2
7m

=110.866 kN *m + 212.625 kN *m * [ } =247.414kN*m

2*895m-7m

€13

M M

= + M *
UDL,13 UDL,1,k UDL3k | 2xp

roznl C1,3
3.995m

2*7m-3995m

=212625kN*m + 41.691 kN*m* [ } =229.272kN*m

€13

— *
MUDL,31 - MUDL,3,k * MUDL,l,k 2*b -c
rozn3 1,3

3.995m
2*595m-3.995m

=41691kN*m +212.625kN*m * =149.147 kN *m

qu[ + Mox[

MUDL,k= MUDL,12’ MUDL.Zl] MUDL,13’ MUDL,31] ) MUDL,l,k
= Max(323.491 kN * m, 247.414 kN * m) + Max(229.272 kN * m, 149.147 kN * m) - 212.625 kN * m
=340.138 kN * m

M =340.138 kN *m

UDLk

16
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3000 300 1500

3 K ¥
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e

I
-
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E

Obr. 10 - Roznos zatazenia UDL na prdtovom modeli

4.2.3 LM3 - zvldéne vozidlo 1800/200

jediné vozidlo na moste, v idedInej stope + 0.5m - posun ku kratsej rimse
pohyb normdinou rychlostou < 70 km/h

normové zatazenie na ndpravu: QLM3 K= 200 kN

dynamicky sucinitel pre pohyb normdinou rychlostou: P 3= 1.25
t ~ H 4 . —_ * —_ * —
zatazenie na ndpravu: QLM3 =Q 3 QLMB,k =1.25* 200 kN = 250 kN

roznos v pr|ecr,10m smere: bs,LM3 =895m
roznos v pozdlznom smere: lLM 3= 13.97 m
ekvivalentné zatazenie na roznosovu plochu re LM3:
*
9 QLl\/l3 9 * 250 kN 17.995 kN
q = = = . I
LM,3 * *
bs,LM3 ILM,3 895m*13.97 m m2

Reakcia v podpore:
I

LM,3 1397 m kN
R = b= ? *17.995

* * * —
LM3 5 qLM,3 1 m=125.698 kN

Moment od LM3:

L ILM,3
—|-R *
2 LM3 )

21m
=125.698 kN *

— *
MLM3,k - RLl\/|3

13.97 m
- 125.698 kN * ? =880.831 kN*m

— *
MLM3,k =880.831 kN *m
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Oa prubu LM3

ledlna stopa

L 1200 L ! 1200 .
1 (A
Yy J NI S— 77
: AN
||
| 1450 < k L 4520 L 2940 < k |
:L i b, = 8950 . |

Obr. 11 - Roznos zatazenia od zvldstneho vozidla na prdtovom modeli
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5 ZATAZENIE - SCIA 2D DOSKA

5.1 STALE ZATAZENIE
5.1.1 Vlastna tiaz - vygenerovand pomocou scia engeneer

kN
MgO,k,scio =1287.6 -
E
1323.50 g
1200.00
1100.00
1000.00 E
900.00
800,00
F00.00
500.00
500.00
400.00
300.00
200.00
100.00
-0.05
Obr. 13 - Grafické zndzornenie momentov od vlastnej tiaze
5.1.2 OSTATNE STALE ZATAZENIE
Vozovka:
e Aco hribky 0.04m
. kN kN
gAcol =0.04m*24 3 =0.96 5
m m
e Ochrannd vrstva hribky 0.06m
. kN kN
90chrannd vrstval = 0.06 m*24 3 144 2
m
e izoldcia hrdbky 0.01m
kN kN
g_ ,, . .=001lm*11 — =011 ——
izoldcial
m m
Celkové zatazenie na vozovku:
kN kN kN
Iv0z1 = 9Aco1 T 9ochrannd vrstval * Jizoldcia1 = 0-9° 2 +1la4 2 +011 2
m m m
kN
=251 —
m
Rimsy:

e Pravd zelezobetonova rimsa

plocha pravej rimsy: Arlol =0.3444 m2



800

dizka ulozenia pravej rimsy na nosnu konstrukciu: br =095m

2 kN
. 0.344m™ *25 ——
Arpl 9%p m kN
g = = =9.063 ——

rpl b 0.95m
rp m

e Lavd Zelezobetonovd rimsa

plocha lavej rimsy: Arl’l =0.247 m2
diZka uloZenia lavej rimsy na nosnu konétrukciu: br

2 kN
0.247 m~ *25 —
m3

|,=O.5m

*
A" 93 as kN
91 b, 0.5m ' 2
rl m
Zvodidld a zdbradlie:
e Zvodidlo
kN

Izvodidlor =1

e Zdbradlie

05 kN
g-., . . =05 —
Zdbradliel m

e Zatazenie na pravu rimsu od zvodidla a zdbradlia

ngodidIol * gZdbrodliel m
g = =
ZZpl 0.95m 0.95m

e Zatazenie na lavud rimsu od zvodidla
kN

g 1
Zvodidlol m 5 kN
97117 05m  05m 2

*

Mgl,k,scio = 256.23 -

By * Expy = 14,35 kN/m? By * By = 10,64 kN/m?

/- Buca = 2, S1EN/m*

8950

E -

Obr. 14 - Rozmiestnenie ostatného stdleho zatazenia na 2D modeli
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Obr. 15 - Grafické zndzornenie momentov od ostatného stdleho zatazZenia

5.2 PREMENNE ZATAZENIE
5.2.1 LM1 - tandem systém

Pruh & 1:
normové zatazenie: Q1 =300 kN
regulac¢ny sucinitel: aQ 1= 1

zatazenie na ndpravu: Q =300 kN * 1 =300 kN

— *
1scia ~ Q1 o(Q,l
roznos v priecnom smere:b, . =1420m

1scia

roznos v pozdlznom smere: | . =262m
slscia

ekvivalentné zatazenie na roznosovu plochu pruhu 1:

lecio 300 kN

kN
q - - =80.636 —
TSlkscia *| . 1.42m*262m 2
1scia 'slscia m
Pruh &.2:

normové zatazenie: Q2 =200 kN

regulacny sucinitel: GQ’Z =1

zatazenie na ndpravu: QZscio =Q =200 kN * 1 =200 kN

*a
2 7Q2
roznos v priecnom smere: b .. =1420m
s2scia

roznos v pozdiznom smere: | . =2620m
s2scia

ekvivalentné zatazenie na roznosovu plochu pruhu 2:
QZscio 200 kN

kN

i = = = 53758 -

Ms2kscia™ b %1 _ " 142m*262m 2
s2scia s2scia m

mxD- [kiNn/m]

22



e Celkovy moment od tandem systému:
N*m

=634.88

MTS,k,scio m

642.34
600,00
560.00
520.00
480.00

mD- [kNm/ml]

400.00
360.00
320.00
280.00
240,00
200.00
160.00
120.00

B80.00

0.00

Obr. 16 - Grafické zndzornenie momentov od tandem systému

3000 " 3000 . 1500 .
1 PRUH C.1 T PRUH C.2 1 PRUHE3 1

L 1420 L L 1420 L
L 1420 | L 1420 L

Obr. 17 - Roznos zatazenia od tandem systému na 2D modeli
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Obr. 18 - Drdhy vozidiel v zatazovacich pruhoch na 2D modeli

5.2.2 LM1 -Plosné zatazZenie UDL

Zatazenie na chodniku: 9ehodnik = 5
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Pruh &.1:

kN
normoveé zatazenie: A4 = 9 72
m
regulac¢ny sucinitel: aq 1= 1
L . kN . kN
zatazenie na plochu pruhu 1: N pscia = 1k aq,l =9 5 1=9 5
m m
Pruh ¢.2:
kN
normové zatazenie: 9 = 25—
, mz
regulacny sucinitel: aq,2 =24
oy . . kN
zatazenie na plochu puhu 2: Decia = q2,k O(q,2 =25 24=6
m
Pruh &.3:
kN
normové zatazenie: a3, = 25—
, m2
regulacny sucinitel: aq’3 =12
Y H * * kiN
zatazenie na plochu pruhu 3: 3pscia = q3,k aq,3 =25 1.2=3
m m
kN *m
MUDL,k,scio =378.73 m
E
392.54 5
360,00
330,00
270.00
240.00
210.00
180.00
150,00
120.00
90.00
60.00
30.00
-3.98

Obr. 19 - Grafické zndzornenie momentov UDL
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3000 3000 1500 1250

" 4 e

s 9,0 kN/m

@ PRUHC1 1 PRUHC2 1 PRUH .3 1 CHODMIK 1
|
1

g, = 6,0 kNjm? - Sngeings = 5.0 KN/

{llllllllllllll &= 3,0kM/m’

Obr. 20 - Rozmiestnenie UDL na 2D modeli
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Qkescia = 5 kN/m* Qzkscia = 6 kN"{mz

Obr. 21 - P6dorysné rozlozenie UDL na 2D modeli

5.2.3 LM3 - Zvldsne vozidlo 1800/200
drdha 0,5 m od osi vozovky k lavej rimse (rimsa bez chodniku)
dynamicky sucinitel: Ve 1.25 - pohyb normdinou rycholstou

normové zatazenie: QLM3 K- 200 kN

zataZenie na ndpravu QLM3 =250 kN

27



roznos vpriecnom smere bLM3 =3.72m
roznos v pozdiznom smere ILM3 =1.17m
ekvivalentné zatazenie na roznosovu plochu
QLM3 250 kN kN
Ams bys iz  372m*117m >7.440 2
kN *m
MLM3,scia =97157 -
E
1006.67 g
S00.00
700,00
600.00
S00.00
400.00
300.00
200,00
100.00
-30.02

Obr. 22 - Grafické zndzornenie momentov od LM3

m | ]
= @&
=l =l
= w
2 m*
= Sl
g il
M
S00

1200 300,

(P—Ff—r— 27

800

Y.
=
=
H

1
e
—
~J
[=]

He—

Obr. 23 - Roznos zatazenia od zvldstneho vozidla na 2D modeli
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Obr. 24 - P6dorysné umiestnenie zvldstneho vozidla na 2D modeli
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6 POROVNANIE MOMENTOV

. ) Rucny vypocet | SCIA ENGINEER | Rozdiel
Zatazovacistav. Py TkNm] | Mekq, (RNml | [%]
vlastna tiaz - 1287.60 -
ostatné stale 222.41 256.23 15.21
LM1 - tandem systém 595.50 634.88 6.61
LM1 - UDL 340.14 378.73 11.35
LM3 - 1800/200 880.83 971.57 10.30

Tab. 2 - Porovnanie momentov

Rozdielnost ohybovych momentov bola spésobend najma presnej$im rozmiestnenim pri vypocte

softvérom. Dal3ie rozdiely mohli vzniknit z dévodu premennej &irky nosnej konstrukcie. Pri
ruénom vypocte sa vSetko zatazenie rozpocitavalo len na Sirku v polovici rozpdtia. V dalsich

krokoch vypoctu bolo pocitané s vnutornymi silami zistenymi pomocou SCIA ENGINEER, ktoré su

povazované za presnejsie.
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7 KOMBINACIE
e Vnutorné sily v polovici roztpdtia
90k =1287.60 kN * m - Moment od vlastnej tiaze
g1k = 256.23 kN * m - Moment od ostatného stdleho zatazenia
=634.88 kN * m - Moment od LM1 - tandem systém

TSk
=378.73 kN *m - Moment od LM1 - UDL

UDLk
=971.57 kN *m -Moment od LM3 - Zvlasne vozidlo 1800/200

M
M
M
M
MLM3,k

7.1 Medzny stav pouzitelnosti
7.1.1 zostava grla
Charakteristickd kombindcia

Mek1 = Mgok " Mgk *Mrsk " MupLk

=1287.6 kN*m + 256.23 kN *m + 634.88 kN * m + 378.73 kN * m = 2557.44 kN * m

Castd kombindcia
e sudinitele
qu,TS =0.75

wl,UDL =0.40
*M

— *
Mekw1 “Mgok *Mg1k ™ Y175 Mrsk* Y1,upL " MubLk
=1287.6 kN *m + 256.23 kN * m + 0.75 * 634.88 kN * m + 0.4 * 378.73 kN * m
=2171.482kN*m

Kvazistdla kombindcia
e sudinitele
qJZ,TS =0.0

wZ,UDL =0.0
*M

Mekw2 =Mgok M1k ™ %215 "Mrsk * Y2,upL “MubLk
=1287.6 kN*m + 256.23 kN*m +0*634.88kN*m +0*378.73 kN *m
=1543.83 kN*m
7.1.2 Zostava gr5
Charakteristickd kombindcia

Meks = Mgok " Mgk * Mimak
=25154kN*m
Castd kombindcia
e sudinitele
qu,LM3 B
*M

Mekw1.im3 “Mgok "Mg1k ™ Y1.im3  Mimzk
=1287.6 kN *m + 256.23 kN * m + 0 * 971.57 kN * m = 1543.83 kN * m
Kvdzistdla kombindcia
e sUdinitele

Yom3 T
* M

Mekw2,imM3 = Mgok *Mg1k * Y2.0m3 " Mimsk
=1287.6 kN*m + 256.23 kN*m +0*971.57 kN *m = 1543.83 kN * m
e Rozhodujuca zostava pre medzny stav pouzitelnosti je grla

=1287.6 kN*m + 256.23 kN*m + 971.57 kN* m

0.0

0.0
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7.2 Medzny stav Unosnosti
7.2.1 Zostava grla
Kombindcia 6.10a
e sucinitele
Vg = 1.35

=135
YqQ
&£=0.85
*M

— * * * *
Med 100~ Y6 [MgO,k * Mgl,kj Yo Y115 "Mrsk Yo Y1upL “MubLk
=135* <1287.6 kN *m + 256.23 kN * m> +1.35*0.75*634.88kN*m+ 1.35*0.4 *378.73 kN *m
=2931.501 kN *m

Kombindcia 6.10b

—_ * * * * *
Meg1ab = Y6 " Mok * Y6 "8 "My * Vo * Mrsi * MupLi
=135*0.85*1287.6 kN*m+ 1.35*0.85*256.23 kN*m + 1.35* (634.88 kKN *m + 378.73 kN * m>
~3139.918 kN * m

7.2.2 Zostava gr5
Kombindcia 6.10a
— * * *
Meas.a1=V6 Mgk * Mgkl *Ya " Y1.om3 * Mimak
=1.35*(1287.6 kN *m + 256.23 kN *m) + 1.35* 0 * 971.57 kN * m = 2084.171 kN * m
Kombindcia 6.10b

— * * * * *
Meds0 V6 & Mgok*¥e "8 "Mg1k " Yo "Mimak
=1.35%0.85*1287.6 kN * m + 1.35 * 0.85 * 256.23 kN * m + 1.35 * 971.57 kN * m
=3083.164 kN * m

e rozhodujica zostava pre medzny stav Unosnosti je grla v kombindcii 6.10b

Medzny stav Zostava Kombinacia Moment [kNm]
Charakteristicka 2557.44
gria Casta 2171.48
Kvazistala 1543.83
MSP o
Charakteristicka 2515.40
grs Cast3 1543.83
Kvazistala 1543.83
6.10a 2931.50
grla
6.10b 3139.92
MSU
5 6.10a 2084.17
&r 6.10b 3083.16

Tab. 3 - Kombindcie

32



7.3 Grafické zndzornenie ndvrhovych momentov

e Charakteristickd kobindcia - mxD-

Obr. 25 - Maximdlny ndvrhovy moment v charakteristickej kombindcii

¢ Castd kombindcia - mxD-

Obr. 26 - Maximdlny ndvrhovy moment v ¢astej kombindcii

2605.12
2400.00
2200.00
2000.00
1800.00
1600.00
1400.00
1200.00
1000.00

200.00
-0.10

mxD- [kNm/m]

2212.78
2000.00
1800.00
1600.00
1400.00
1200.00
1000.00
B800.00
600.00
400.00
200.00
-0.06

mxD- [kNm/m]
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e Kvdzistdka kombindcia - mxD-

Obr. 27 - Maximdlny ndvrhovy moment v kvdzistdlej kombindcii

e Komcindcia 6.10b zostava grla - mxD-

Obr. 28 - Maximdlny pozdiZny ndvrhovy moment v kombindcii 6.10b

1587.12
1400.00
1300.00
1200.00
1100.00
1000.00
S00.00
§00.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00
0.00

mD- [kNn/m]

3196.32
2800.00
2600.00
2400.00
2200.00
2000.00
1800.00
1600.00
1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
-0.06

mD- [kNn/m]
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Kombindcia 6.10b zostava grla - myD-

Obr. 29 - Maximdiny prie¢ny ndvrhovy moment v kombindcii 6.10b

615.04

ryD- [kNm/m]
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8 NAVRH PREDPATIA
8.1 Napdtie vo vystuzi

Maximdine pripustné napdtie v predpinacej vystuzi
Ap lano = 150 mm2 - Plocha jedného lana predpinacej vystuze
f =1770MPa

pk
fp0,1k= 1560 MPa
=08* fp =0.8*1770 MPa = 1416 MPa = o

k p,max

o] =09*f =0.9* 1560 MPa = 1404 MPa = ¢
p,max,2 p0,1k p,max

= 1404 MPa

cjp,mox,l

o =0
p,max  p,max,2

P =0 *A = 1404 MPa * 150 mm2 = 210.6 kN - maximdilna sila v jednom lane
max  p,max  p,lano

Napdtie po vneseni do beténu
o] =0 * 0.9 = 1404 MPa * 0.9 = 1263.6 MPa - napdtie po krddkodobych strdtach
pm,0 “p,max
P =0 * A =1263.6 MPa * 150 mm2 = 189.54 kN - odhadovana sila po krddkodobych
m,0 “pm,0 " p,lano
stratdch

=0.75*f  =0.75*1770 MPa =13275MPa = o =1263.6 MPa
pk pm,0

— * _ * _ _
Opm,O,moxz =0.85 pr,lk =0.85* 1560 MPa = 1326 MPa = opm,O = 1263.6 MPa

VYHOVUJE

Opm,O,moxl

Napadtie na konci Zivotnosti
o =0 * 0.9 =1263.6 MPa * 0.9 = 1137.24 MPa - napdtie po dlhodobych stratdch
pm,» pm,0
2

P =0 * A =1137.24 MPa * 150 mm™~ = 170.586 kN - sila po dlhodobych stratdch
m,e pm,e  p,lano

8.2 Krytie predpinacej vystuze
Trieda prostredia XD1
Trieda konstrukcie S6 - 100 rokov

q)duct =65 mm - profil kandliku

c . =55 mm - S6/XD1
min,dur

C =65 mm

min,b - cl)duct

Acdev =10 mm

Cmin - MOX(chuct' Cmin,dur'

c =c . +Ac =65mm+ 10 mm =75 mm
nom min dev

10 mm} = Mox(65 mm, 55 mm, 10 mm) =65 mm

8.3 Ndvrh predpinacej sily P
Momenty
M | =2557.44 kN * m - Charakteristickd kombindcia

ek
_ * e 4 A
Mek,Wl =2171.48 kN * m - Castd kombindcia
M = 1543.83 kN * m - Kvdzistdla kombindcia
ek, W2
M =1287.60 kN * m - t_- vlastnd tiaz
g0,k 0
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Prierezové charakteristiky na vypocet P

A =0.8m2
C
e =030m
p
h =0.80m
C
b=10m
1 3 1 3 4

| =|— |[*b*h "=| — |*1m*0.8m™ =0.0427 m
c 12 c 12

1 2 3
W.=|—|*b*h “=|— *1m*08m“=0.107m
1 (6 c 6

3

=

1 2 (1 2
—|*b*h "= —|*1m*0.8m =0.107 m
6 c 6

b =1000

L I

1 |

T~
S
o
=)
©a B
1] [~
(=]
=
o
o
™
8 1]
= @
3 A

U
Lo | 330 | 330 | 170 |
A A A A 1

Obr. 30 - Neoslabeny prierez na 1mb

o, - dolné vidkna

o,- horné vlidkna

t_ - ¢astd kombindcia - tah na spodnych vidkanch

f =3.2 MPa
ctm
o.,, =f = 3.2 MPa - maximdine tahové napdtie
cl,tas ctm
*

Pro | Phe % Mekwi
- - + <0 ., =32MPa

A W i cl,cas

[ 2 2
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Mek,tlJl
_f A

ctm Wl
Pk,min,m,wl = . =4223.415 kN
1 P
N
AC W1

Prepolet sily na Cas t

I:)k,min,oo,llJl 4223.415 kN

IDk,min,o,lpl - 0.9 = 0.9 = 4692.684 kN

t_ - charakteristickd kombindcia - tlak na hornych vidknach

f  =35MPa
ck
= - * - _ _ . 7 , .
OCZ,chor =-06 fck maximalne tlakové napdtie
*
PkOO Pkoo e Mek
) " - =-21 MPa
A wW W c2,char
C 2 2
Mek
c’c2,ch0|r+ W
P min.e.ek = T =190464 kN
- 1 p
R
AC W2

Prepocet sily na ¢as t:

IDk,min,oo,ek 1904.64 kN

P i = = = 2116.267 kN
min,0,ek 0.9 09

t_- kvazistdla kombindcia - tlak na hornych vidknach

o .= -0.45*f_ =-15.75 MPa - maximdlne tlakové napdtie
c2,kvazi ck
*
Plo | Pho S Mekw2
i * - >0 _=-15.75 MPa
A W W c2.kvazi
o 2 2
Mek,llJZ
0c2,kVCIzi * W
P minew2 = : — -817.020 kN
- l p
L
AC W2

Prepocet sily na ¢as to:

I:)k,min,m,llJZ -817.020 kN

Pk,min,o,tuz - 0.9 = 0.9 =-907.800 kN
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t, -Bkvdzistdla kombindcia - tlak na dolnych vidknach

- iba vlastnd tiaz

= - * = - - H L 7 vy
OCl,kvozi =-06 fck maximdilne tlakové napdtie
*
"w! "o % Mgok
) - * 20 = -21 MPa
A wW W clkvazi
C 1 1
MgO,k
o -
cl,kvazi Wl
Pk,mOX,O,kVin = o =8140.615 kN
- 1 p
AC W1

t0 - ¢astd kombindcia - tah na hornych vidknach

0 5y =f =3.2 MPa
c2,Cas ctm
*
"w| P % Mgox
i * - <05 1qs = 32 MPa
AC W2 W2
MgO,k
o v +
c2.cas W
Pk,qu,0,505 = . =9773.6 kN
- 1 p
R
AC W2

N

%

I:)m,O,req,Z - 2 2

Pm,O,novrh =5686.20 kN

E z 2 Z z = Z = z z =2 g z
& S g = 5
Obr. 31 - Interval moznej predpinacej sily

PO,min = Pk,min,O,LPl = 4692.684 kN

I:)O,mcx - IDk,mcx,O,kvczi =8140615kN

P =1.03*P, . =1.03*4692.684 kN = 4833.464 kN

m,0,req,1 O,min
IDO,min * I:)O,mox 4692.684 kN + 8140.615 kN
= =6416.650 kN

10000 kN
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|Dm,O,navrh 5686.2 kN 2
A = = = 4500 mm
1263.6 MPa

cjpm,O
e Navrhnuté 3 x 10 lan do jedného metra

8.4 Navrhnutd predpinacia sila

P=A *g — 4500 mm? * 1263.6 MPa = 5686.2 kN
p pm0

Osovd vzdialenost kdblov 0.33 m

Obr. 32 - Rozmiestnenie kdblov
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9. ZMENY PREDPATIA
e Prierezové charakteristiky na oslabenom priereze
b=1m
h=0.8m

A =0.790 m2
cr

| =0.0416 m4
cr

z =0.404 m
cr,1

Zcr,2 =0.396 m

e =0304m
pr

Icr 0.0416 m4 3
W = = =0.103 m
cl 4 0.404 m
cr,1

Icr 0.0416 m4 3
W = = =0.105m

. 0.396 m
cr,2

b =1000

2, =396

h =800
|

zt:r,l =404
| e, =304 |

Obr. 33 - Oslabeny prierez na 1mb

9.1 Krdtkodobé straty
9.1.1 Straty trenim
e vygenerované pomocou scia engeneer

Ac . = -29.68 MPa
p.ternie

9.1.2 Straty poklzom
e vygenerované pomocou scia engeneer
Ao = - 55.64 MPa
p.w

9.1.3 Straty krdatkodobou relaxdciou
e vygenerované pomocou scia engeneer
Aop Ps T 9.07 MPa
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X y z Ztraty thenim | Ztrita pokluzem | Kritkodobd relaxace | Nap. po zakotveni / po vneseni | Relaxace
[ [m [m [MFa] [MPa] [MPa] predpét probéhla
[MFa) [MPa]
Siudeniska verne® Fiudenists verae® “Sludenists verse’ Thudenisia verse Siudeniskad verne® Siudenistd verne® Fiudenista verse' Siudenisls verse’ “Siudenisla verae Siudenish
0,000 0,000 0,000 0,00 -113,23 -1,76 132677 -12,24
0,500 0,000 -0,029 -0.68 -111,92 -1,74 1327 40 -12,16
1,000 0,000| -0.057 -1.37 -110,60 -1,73 132803 -12,08
1,500 0,000 -0,086 -2,05 -109,29 -1, 1328 66 -11,99
2,000 0,000 -0,114 274 -107,97 -1,70 1329 29 -11,91
2,500 0,000 -0,143 342 -106,65 -1,68 1329 93 -11,83
3,000 0,000 0,171 -4 21 -105,14 -1,67 1330 66 -11,73
3,500 0,000 -0,198 5,59 -100,54 -1,62 1332 87 -11,45
4.000 0,000 -0,222 -8.98 -86.93 -1,67 133509 -11,18
4,500 0,000 -0242 -11,35 -91.34 -1,53 1337, -10,91
5,000 0000 -0260 -13,73 -86.73 -1,49 1339 54 -10,65
5,500 0000 0274 -16,10 -82,13 -1,45 134177 -10,40
6,000 0,000| 0285 -18 46 -T7,54 -1.41 134400 -10,16
6,500 0,000 -0,293 -20.83 -72.93 -1,37 1346 24 992
7,000 0,000 -0,298 2318 -68,34 -1,33 1348 47 -9 69
7,500 0,000 -0,300 -25 54 -63 74 -1,30 1350,72 -9 46
8.000 0,000 -0,300 -26,32 -62,21 -1,28 1351 47 -9,38
8.500 0,000 -0,300 -26,99 -60,89 -1,28 1356211 -9 .32
9.000 0,000 -0300 -27 66 -59,58 -1,27 135276 -9.26
9,500 0,000 -0,300 -28 34 -58,27 -1,26 135340 -9,20
10,000 0,000 -0,300 -29.01 -56 95 -1,25 1354 04 914
10,500 0,000| -0,300 -29 68 -55 64 -1,24 1354 69 907
Tab. 4 - Krdtkodobé straty
[MPa] Ziraty tfenim
1600,00 _Pokiuz
1400,00__| —_ . . — Kritkod
120000
1000,00
800,00
600,00__|
400,00__|
200,00 _
0,00

= R e = R e e e e = e = e e = e i = = = = ==
ooOooOooOoOoOoOoOooOoOoOooOoDoDoooOoDo oD oooDoooooDoDo o
SO VSrmOrMOVO oS rnoOVISronmSnonSVornovicrnoviSrnomSyms
SO =NV SRR S o == MMM o WD WD s s 3o S

Obr. 34 - Graf napdtia v kdbli

Napdtie po zakotveni jednotlivych kdblov

o}
p.max

= 4500 mm2

Ap,lm

e} =
p.sl

o} +
p.max

= 1404 MPa

o) .+
p.ternie

2

=0.0045m

Ao + Ao
p,w

pP.r

= 1404 MPa + -29.68 MPa + -55.64 MPa + -9.07 MPa = 1309.61 MPa

P =0

m,sl

*A
p,sl

p,1m

= 1309.61 MPa * 0.0045 m2

=5893.245 kN
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9.1.4 Straty postupnym napinanim

Mgok =1287.60 kN * m - Moment od vlastnej tiaze
-P P *e 2
m,sl m,sl  “pr
Ao = - =-20.552 MPa
cp |
cr cr
M *e
gok “pr 12876 kN*m*0.304 m
Ao = = = 9.409 MPa
g0 | 4
cr 0.0416m
Ao =Ac__+ Ao =-20.552 MPa + 9.409 MPa = -11.142 MPa
c cp c,g0

np = 27 - celkovy pocet kdblov

n -1
p

Y7 g N, 2%27
Ec = 195 GPa - Modul pruznosti predpinacej vystuze
Ecm = 35 GPa - Modul pruznosti beténu C35/45

Ac_*y x
c -11.142 MPa * 0.481
= 195 GPa * = -29.890 MPa

pel ¢ Ecm 35 GPa

Napdtie po celkovych krdtkodobych strdtach

o =0 + Ao . +Ao + Ao+ Ao
p,m,t0 p,max p.ternie p,w p.r p.el

= 1404 MPa + -29.68 MPa + -55.64 MPa + -9.07 MPa + -29.890 MPa = 1279.720 MPa

P =0 *A =1279.720 MPa * 0.0045 m2 =5758.739 kN
mO0 “pmt0 " p,Im

%p,max ~ “p,m,t0 1404 MPa - 1279.720 MPa
*100 = *100 = 8.852%
1404 MPa

o}
p,max
e Vypocitané kradkodobé strdty su mensie nez uvazované odhadom

9.2 Dlhodobé straty

‘cS =7 m dni - OSetrovanie beténu

tO = 28 dni - Predpinanie

tgl = 180 dnfi - Zatazenie ostatnym stdlym zatazenim
tq = 240 dnfi - Zacatie prevddzky mostu

t_=36500 dni - Zivotnost mostu

9.2.1 Straty zmrstovanim

Vysychany povrch uvazovaného prierezu na jeden meter bezny

u=b=1m
*
2 Acr 2*0.79 m2
h. = = = 1580 mm
0 u Im
kh =0.7 - pre hO = 0.500mm
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Boton | &qgp [%e]
C20/25 0.3
C40/50 0.24
Tab. 5 - Hodnoty €_,,

Linedrnou interpoldciou pre C35/45

= 0
ECdO 0.000255%

e Strdty vysychanim

=0.00829

=0.936

0 s 28-7m
Bds,tO,ts_ [3} - [3}
2 2
t -tj+o.04*h (28-7m) +0.04 * 1580 mm
(0 S 0
Lt 36500 -7 m
Bds,too,ts_ [3} [3}
2 2

(tm - tsj +0.04%h,

Bds,tO,tw - Bds,too,ts i Bds,tO,ts
— * *( _
Editot0 ~ PstOte <h [ Ecdoj

=0.936 - 0.00829 = 0.927
=-0.000166

e Strdty autogénnym vysychanim
f  =3BMPa - charakteristickd pevnost C35/45 v tlaku

ck
€ g™ 25" [fck - 10] <10 "% _ 00000625
[- 02/t -28 ]
Bos,tw,ts =l-e =1
[- 02 /t,-7 ]
as,tO,ts 1-e = 0600

Bos,tw,to - Bos,too,ts ) Bas,tO,ts =1-0600=0.400

— * = * _ = -
Eco,too,tO = Bos,too,tO ch,oo =0.400 * -0.0000625 = -0.0000250

e Celkové straty vysychanim
Ep =195 GPa
€esitot0 ~ Scd twt0  caitet0 = -0.000166 - -0.0000250 = -0.000141

- * — _ * _
Aops,too,to = Ecs,t,oo,tO Ep =-0.000141 * 195 GPa = -27.403 MPa

(36500 - 7 m) + 0.04 * 1580 mm
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9.2.2 Straty vplyvom pritazenia od g,v tg

Mgl K= 256.23 kN * m - Moment od ostatného stdleho zatazenia

Ao = e =
psl,gl I pr | GPa

Mgl,k Ep 256.23 kN * m 195 GPa
* * *030dm*| ———
cr cm

0.0416 m4
AP = Ao *A =10.432 MPa * 0.0045 m2 = 46.945 kN
msl,gl pslgl " p,Im

9.2.3 Straty dotvarovanim betdénu

BC,t,tg =0.995
= *
MgO,k =1287.6 kN*m
Prento = 12
Ppotg = 17
-P P *a 2 M * o
mO0 mO0 pr g0k pr

o = - + -

cqp,to A | |

cr cr cr
2
- . .
AIDmsl,gl AI:)msl,gl epr Mg 1.k epr

c = - + -

cap.tg A | |

cr cr cr
. “cqp.to .| -10.673 MPa
ECC,too,tO - (ptoo,to E =19 35 GPq =-0.000579
cm
ccqp,tg 1.709 MPa

€ =@, , ¥~ |=17* ——— |=0.0000830
CC,teo,tg teo,tg Ecm 35 GPq

* Ep =-0.000579 * 195 GPa =-112.986 MPa
* Ep = 0.0000830 * 195 GPa = 16.184 MPa

Aopc,tm,tO - Ecc,too,tO
Ac’pc,too,tg - Ecc,too,tg

9.2.4 Straty relaxdciou
Dlhodobd relaxdcia bola zistend pomocou scia engeneer

} =10.432 MPa

Aopr,too,tO 61.59 MPa

X ¥ I Ztrity tenim | Zwrata pokiuzen | Kritkodobd relaxace | Nap. po zakotweni /| po weseni pfedpéi | Relaxace | Relaxace

[m] [m] [m] [MPa] [MPa] [MFa] [MPa] probéhla | probéhne
W] | [MPs] |
“Rubiiskd vere “Hubld e “Ruobaisdd vy Rubdstd rove Wuokevsls v “Subsks vere “Ruobileld vy “Ruobalsld vere TRubdsdd s Tuobwishs vee Skl vere “Tubisks v
4500 D000 | D242 -11,35 9134 -153 133731 -1091 5585
5000 000D) 0260 1373 -B6,73 -149 133854 -10,65 -56.50
5500 oooD) 0274 -16,10 8213 -145 131,77 -10,40 5734
6,000 000DD) 0285 -18.46 -T7,54 -141 134400 -10,16 58,07
6500( o0000) <0293 -20.83 -1293 -137 134624 -8,92 -58.81
7.000 0000) 0298 23,18 -G8, 34 -1,33 134847 -3.60 -50 54
7500 0000) 0300 2554 6374 -130 1350,72 ~46 -60.28
8000 0000 0300 -26,32 £221 -1.29 135147 -9 33 -80 52
8500 0000) 0300 -26,99 -60,29 -128 135211 -9,32 -80,73
9000 0000 0300 27,66 -59.58 -127 135276 225 -6094
9500( 0000| <0300 2834 -58.27 <126 135340 820 61,15
10,000 0000) 0300 28,1 -56,95 -125 1354 04 -3,14 6136
10500 0000| -0300 -29,68 -55,64 -124 136469 =507 -61.56

Tab. 6 - Dlhodobd relaxdcia
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9.2.5 Straty vplivom q v te|

e Charakteristickd kombindcia

MTS K- 657.97 kN * m - Moment od LM1 - tandem systém
— * - -

MUDL,k =378.73 kN *m - Moment od LM1 - UDL

— — * * — *
Mq,k = MTS,k + MUDL,k =657.97 kN*m + 37873 kN *m = 1036.7 kN *m

Mq,k Ep 1036.7 kN * m 195 GPa

Aopel q = * epr * = *0304dm*| ————

' Icr Ecm 0.0416 m4 35GPa
=42.209 MPa

P = Ao A m= 42.209 MPa * 0.0045 m2 = 189.938 kN

*
elq pel,q p,1

e Castd kombindcia

M *0.7 E
0pel,q,llJl B | epr E
cr cm
1036.7kN*m * 0.7 195 GPa
= *030dm*| —— | =29.546 MPa
0.0416 m* 35GPa

P m= 29.546 MPa * 0.0045 m2 =132.957 kN

—_ *
el,q W1~ Aopel,q,HJl Ap,l

¢ Vysledné hodnoty napdtia

*
Ep Ap,lm 195 GPa * 0.0045 m2
V= N = =0.0317
Ecm Acr 35 GPa * 0.79 m2
2
*
Acr epr 0.79 m2 *0.304 m2
cpcrzv* 1+ |=0.0317*|1+ =0.0874
Icr 0.0416 m4
*
AOps.toe,tO +08 AOpr,too,tO * AOpc,too,tO Aopc.teo,tg
ocrm: 1 *(1+08* +1 *(1+08*
v * q)cr ( e (‘Dtoo,tOj * (pcr ( i (ptw,tgj
-27.403 MPa + 0.8 * -61.59 MPa + -112.986 MPa 16.184 MPa
= +
1+0.0874*(1+0.8*1.9) 1+00874*(1+08*1.7)
=-142.002 MPa

9.3 Predpinacia sila v ¢ase vystavby t,

o] =1279.72 MPa
p,mO

P =5758.739 kN
mO



9.4 Predpinacia sila v Case Zivotnosti t_

e Kvdzistdla kombindacia

o =0 + Ao + Ao =1279.72 MPa + -142.002 MPa + 16.184 MPa
pm,ite “p,m0 c,r,m pc,te,tg

=1153.902 MPa

P =0 *A =1153.902 MPa * 0.0045 m2 =5192.561 kN
mite “pmite  p,Im

%,m0 " “pm,tw 1279.72 MPa - 1153.902 MPa
*100 = *100 = 10.904%
1153.902 MPa

Opm,too
Vypocitané dlhodobé straty su vyssie, ako straty odhadované

e Charakteristickd kombindcia
o =0 + Ao =1153.902 MPa + 42.209 MPa = 1196.111 MPa
pmite pm,te pel,q

P’ =g’ *A =1196.111 MPa * 0.0045 m2 =5382.499 kN
m,te pm,te p,1m

e Castd kombindcia

o’ =0 + Ao =1153.902 MPa + 29.546 MPa = 1183.448 MPa
pm,te  “pm,te pel,q,W1
2

P =0” *A =1183.448 MPa * 0.0045 m™ = 5325.518 kN
m,te pm,ite  p,Im
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10 MEDZNY STAV POUZITELNOSTI

b=1m
h=08m
2
A =079m
cr
| =0.0416 m4
cr
z =0.404 m
cr,l
z =0.396 m
cr,2
e =0.304m
pr
Icr 0.0416 m4 3
W = = =0.103 m
el o 0.404 m
cr,l
[ 4
cr 0.0416 m 3
W = = = 0105 m
2 g 0.396 m
cr,2
| b =1000 |
0
o)}
on
1l
o
NU
o
o
60 N N
1
= < §
g I
||'_1 &
~ N
Obr. 35 - Oslabeny prierez na 1mb
e Predpinacia sila v ¢ase t;
P =5758739kN
m,0
Predpinacia sila zva¢send sucinitelom rsup =11
P =11*P =1.1*5758.739 kN = 6334.613 kN
m,0,sup m,0
e Predpinacisilav ¢ase t :
P =5192.839 kN
m,tee
P’ =5382.777 kN
m, te
P =5325.796 kN
m,te
Predpinacia sila zmensend sucinitelom fig = 0.9
P .. =09*P =0.9*5192.839 kN = 4673.555 kN - kvdzistdla kombindcia
m, te,inf m, te
P’ . . =09*P’ = 0.9 *5382.777 kN = 4844.499 kN - charakteristickd
m, te,inf m, te
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kombindcia

=09~ P"m =09 *5325.796 kN = 4793.216 kN - ¢astd kombindcia

P m, teo,inf t
10.1 Obmedzenie napdtia
e Obmedzenie napdatia v predpinacej vystuzif

=085* fp =0.85 * 1560 MPa = 1326 MPa

0p,O,chx 0,1k

pr,lk = 1560 MPa

Cp =1279.720MPa <o <= 1326 MPa - VYHOVUJE

m,t0 p,0,ma
o o= 1153.964 MPa <o o= 1326 MPa - VYHOVUJE

p.m,t p,0,ma

e Obmedzenie napdtia v betdne v ¢ase t

e Dolné vldkna - maximdine tlakové namdhanie

e M =1287.6 kN*m
g,0,k
f  =35MPa
ck
o .= -045*f =-15.75MPa
cl,min ck
*
I:)m,O,sup Pm,O,sup epr Mg,O,k
o = - - + =-14216 MPa =0
c1,t0 A W W cl,min
cr cr,1l cr,1
- VYHOVUIJE

Obr. 36 - Napdtie na dolnych vidknach v t,

=-15.75 MPa

06
-1.0
-20
-3.0
4.0
5.0
6.0
70
-8.0
9.0

-10.0
-11.0
-12.0
-13.0
-14.2

sigx- [MPa]
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e Horné vidkna - maximadlne tahové napatie
o f =3.2 MPa

ctm
o =f =3.2 MPa
c2,max ctm

*
IDm,O,sup Pm,O,sup epr Mg,O,k
o] = - + - =-1821MPa=<o = 3.2 MPa
c2,t0 A W W c2,max
cr cr,l cr,l
- VYHOVUJE
17 'E'
+
0.0 5
-1.0 n
-2.0
3.0
-4.0
-5.0
-6.0
-7.0
8.0
-9.0
-10.0
-11.0
-12.0
-13.1
Obr. 37 - Napdtie na hornych vidknach v t |
e Obmedzenie napdtia v beténe v Case t :
e Charakteristickd kombindcia - tlak na hornych vidknach
f ., =35MPa
ck
— * -
9¢2,char,min ~ 0.6 fck
M =2580.53 kN *m
ekl
, , %
P m, te,inf P m, te,inf epr Mekl
o = - + - =-16.678 MPa =0 . =-21MPa
c2,char A W W c2,char,min
cr cr,2 cr,2
- VYHOVUJE
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05 'E'
+
-2.0 5
-4.0 “
-6.0
8.0
-10.0
-12.0
-14.0
-16.5
Obr. 38 - Napdtie na hornych vidknach v t_- charakteristickd kombindcia
o Castd kombindcia - tah na dolnych vidknach
f =3.2 MPa
ctm
O .y =f =3.2 MPa
cl,cas,max ctm
— *
Mek,wl =2188.80 kN *m
o v "
P m, te,inf P m, te,inf epr Mek,LIJZ
O,y =- - + =-5242MPas<o ., = 3.2 MPa
cl,cas A W Y, cl,Cas,max
cr cr,2 cr,2
- VYHOVUJE
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Obr. 39 - Napdtie na dolnych vidknach v t - astd kombindcia

e Kvdzstdla kombindcia - tlak na hornych vidknach
f . =35 MPa

ck
= - * = -
c’c2,kvozi,min = -0.45 fck 15.75 MPa

— *
Mek,wz =1543.83 kN *m
*
IDm,too,inf I:’m,tm,inf epr Mek,lPZ
o .= - + - =-7.087 MPa =0 -
c2,kvazi A Y, W c2,kvazi,min
cr cr,2 cr,2
=-15.75 MPa
- VYHOVUJE

1.5

0.0
-1.0
-2.0
-3.0
4.0
-5.0
-6.0
-7.0
-8.0
-9.0

-10.0
-11.0
-12.2

sigx- [MPa]
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Obr. 40 - Napdtie na hornych vidknach v t - kvdzistdla kombindcia

10.2 Obmedzenie priehybu
e  Priehyby od jednotlivych zataZzovacich stavov v Case t:
Vst,gO =37.7 mm
Vst,gl =7.4mm

Vst,ubL
Vst,TS =153 mm

VstLMm1 ~ Vst ubL T Vst,TS
Vst,LM3 =21.4mm

= -615mm

= Mox(v

=11.8 mm

=11.8 mm+ 153 mm=27.1 mm

Vst,p

j = Mox(27.1 mm, 21.4 mm) =27.1mm

Vst,q stLM1’ Vst LM3

e Priehyby od dlohodobych dcinkov v Case t :

Pren 0 = 19

(pt“’,tg =17

_ . L )

Vieg0 = Prot0 " Vetgo = 19 377 mm=7163 mm
= * - * _

Vitgl = Potg " Vetgy = L7 * 74 mm=1258 mm

— * — * _ = -
Vlt,p = (pt°°,t0 Vst,p =19*-61.5mm=-116.85mm

0.7

-1.0
-2.0
-3.0

-4.0
-5.0
-6.0
-7.0
-8.0
9.0

-10.0
-11.7

sigx+ [MPa]
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Posudenie priehybu v Case t

\%

t0 Vst,gO " Vst,p

=37.7mm+-61.5mm=-23.8 mm

L 21m

Abs[vtoj =238mm=<yv, =——=—— =84mm - VYHOVUJE

limt0 250 250

Posudenie priehybu v Case t :
qu =1.0
Y, = 0.7
L|J2 =0.0

Castd kombindcia
—_ *
Vtoo,qu - Vst,gO " VIt,gO " Vst,gl " Vlt,gl Ty Vst,q " Vst,p * Vit,p

=37.7mMm+7163mm+74mm+ 1258 mm+ 0.7 *27.1 mm + -61.5mm + -116.85 mm
=-30.07 mm

L 21m
=30.07 mm=<v,. =—— =—"—"=35mm - VYHOVUJE

Ab
S[Vtw,wlj limyl 600 600

Kvdzistdla kombindcia

— *
Vtoo,cpz ~Vst,g0 * Vit,go * Vstgl * Vitg1 ¥, Vstq * Vstp * Vit,p
=37.7mMmm+71.63mm+74mm+ 1258 mm+0*27.1 mm+-61.5mm + -116.85 mm
=-49.04 mm

L 2im
Ab —4904mmsv. = = " _ 84 mm - VYHOVUJE
S[Vtw,cpz) MM =Vime2~ 250 ~ 250 mm - VYHOVUIE

Charakteristickd kombindcia

—_ *
Vtoo,ch B Vst,gO " VIt,gO " Vst,gl " Vlt,gl *¥ Vst,q " Vst,p " Vit,p
=377 mm+7163mMmm+74mm+ 1258 mMm+1*27.1 mm+-61.5mm+-116.85 mm
=-21.94 mm
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11 MEDZNY STAV UNOSNOSTI

e Betdn C35/45
f =35MPa;a =09y =15
cc c

ck

*

o(cc fck 0.9 * 35 MPa

f = = =21 MPa
cd y 15

C
f = 3.2 MPa
ctm
E =35GPa

cm

e =0.0035%
cu

e Predpinacia vystuz Y1770 S7-15,7

f  =1770 MPa
pk

pr,lk = 1560 MPa

f f50.1k 1560 MPa
pd -
v 1.15
E =195GPa
p

Ap = 4500 mm2 =0.0045 m2

= 1356.522 MPa

e Betondrska vystuz B500B
ES =200 GPa
f =500 MPa
yk
Y = 1.15

. Uk 500 MPa

d
yd oy, 1.15

g = 0.0035%

=434.783 MPa

e Posudenie na ohyb

11.1 Krytie betondrskej vystuze
Trieda prostredia XD1
Trieda konstrukcie S6 - 100 rokov

CDSI = 16 mm - profil betondrskej vystuze

0] =10 mm
sw

c . =40 mm - S6/XD1
min,dur

c . =® =16mm
min,b sl

Ac =10 mm
dev

Cmin - MOX[chI’ Cmin,dur

C =c . +Ac =40 mm + 10 mm =50 mm
nom min dev

, 10 mmj = Mox(16 mm, 40 mm, 10 mm) =40 mm



11.2 Pozdizny smer
e Charakteristické vnutorné sily

ka=OkN

Npk =P moteoinf = 4844.499 kN

N, =N, +N_, =0KkN + 4844.499 kN = 4844.499 kN
ek ™ "tk T Vpk

M, =M =2580.53 kN *m
fk ekl

M =P’ .. ¥e =4844.499 kN *0.304 m=1472.728 kN *m
pk m,te,inf  “pr

_ ) _ .
Mg = Mg + ( Mpkj 1107.802 kN * m

e  Charakteristické napatie

o’ =1196.173 MPa
pm,te

o ,=a =1196.173 MPa
p.t pm,teo

ek ek Tpr
= - + I =1.963 MPa

cr cr

p

*o =1196.173 MPa -
cp

(e) =0 -
Opt "pt | E 35 GPa

cm
=1185.235 MPa

Pote ™ 0.p,
=10
b

2

— * — * —
PO,d = yp PO,t,oo =1*5333.558 kN = 5333.558 kN

e Ndvrhové vnutorne sily

195 GPa

} *1.963 MPa

9 bt * Ap =1185.235 MPa * 0.0045 m™ = 5333.558 kN

M |, =1456.03 kN * m - kombindcia 6.10b pre zostavu grla, mxD-

ed

Ned = PO,d =5333.558 kN

=X

1456.03
1300.00
1200.00
1100.00
1000.00
200,00
800.00
700.00
&00.00
500.00
400.00
300,00
200.00
100.00
0.00
-124.80

- [kNm/m]

Obr. 41 - Grafické zndzornenie ndvrhovych momentov v pozdiznom smere
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M

ed

=1456.03 kN*m < Mr

Pracovny diagram
fpd 1356.522 MPa
€ = = = 0.00696%
pyd e 195 GPa

%0pt 1185.235MPa
£ = =
pOd Ep 195 GPa

As =g -t . ,=0.00696 - 0.00608 = 0.000878%
p pyd pOd

Ao =f -0, . =1356.522 MPa - 1185.235 MPa = 171.287 MPa
p pd Opit

= 0.00608%

Neutrdlna os

AFp = Ap * Acp =0.0045 m2 *171.287 MPa = 770.790 kN

Ned " AFp 5333.558 kN + 770.790 kN )

=0.291m

A =
cc f 21 MPa
cd
Acc 0.291 m2
AX = = =0.291m
b 1m
A=0.8
Acc 0.291 m2

X = =
A*b 08*1m

=363.354 mm

Overenie predpokladu pretvorenia vo vystuzi

<
X= Xbcl,l

d =070m
p
*
fu 9%  00035%07m
X = =
bal.l ¢ 4+ A 0.0035 + 0.000878
cu p

Xoal1™= 559.566 mm = x =363.354 mm - VYHOVUJE

=559.566 mm

Stanovenie unosnosti MmI

F =A *f =0.291 m2*21 MPa = 6104.348 kN
cc cc cd

AFp =770.790 kN

z =0251m
cc

z =0.304m
p

M =F *z +AF *z =6104.348kN *0.251 m+770.790 kN * 0.304 m
rd cc “cc p p

=1766.511 kN *m

qd= 1766.511 kN * m - VYHOVUJE
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b = 1000

25y =3%

")

i =404

d /lv ’i’ .....................................................................
Acc=0,291 m’ - Fec = 6104,35 kN
3 \ A
i N\ =
= N\
il Cgr \
R ﬁ‘ AF, = 770,79 kN
iy T S IS N B Bl
I e 7 \
o[MPa] | | |
|| |
fD:=1365.5MPa ______ _|. I :
o, =1185,24MPa |- — — — — — | ~|[ _—— 1|— —————————
[ |
[ |
|| |
|| |
|| |
[ | |
|| |
|| |
[ |
| |
[ |
|| |
‘3Up,t=5r1 En-,d:?'ﬂ £[%a]
Obr.42 - Zapoditatelnost vystuze
Konstrukéné zdsady v pozdiznom smere
A =038 m2
C
Cpo q- 65 mm
(] =16 mm
pod
2
A®16 =201.062 mm
h =800 mm
ond 16 mm
d =h-c - =800 mm - 65 mm - =727 mm
pod pod 2
Minimdlna plocha vystuze:
3.2 MPa
A =0.26* *pb*d =026* ——— |[*1m*727 mm=1209.728 mm
s,min,pod pod 500 MPa
yk
2

0.0013*b*d
pod

Maximdina plocha vystuze:
2
s,max,pod

=0.04~ AC =0.04*0.8m" =32000 mm

=0.0013*1m™*727 mm =945.1 mm

2

2

>

58



Minimdlna vzdialenost vystuze
s . = qu[l.z *@  35mm, 20 mmj =Max(1.2 * 16 mm, 35 mm, 20 mm) = 35 mm
min pod

S ax = Min(2 * h, 200 mm) = Min(2 * 800 mm, 200 mm, = 200 mm

Navrhnutd vystuz
@16 po 150 mm

s =165 mm
pod
b Im 2 2
A = *A = |*201.062 mm"~ =1218.557 mm
spod | g 216 | 165 mm
pod
2 2 2
A =1209.728 mm~ < A =1218557 mm~ <A = 32000 mm
s,min,pod s,pod s,max,pod
- VYHOVUJE
s . =3bmm=<s =165mm=<s =200 mm - VYHOVUJE
min pod max

Stupen vystuzenia:

As,pod 1218.557 mm
- = =0.168% < 4,00% - VYHOVU|JE
pod b*dpod 1m*727 mm

2

o
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11.3 Prie¢ny smer
11.3.1 Spodnd ohybovd vystuz
navrhované na maximdlnu hodnotu momentu myD- zistend pomocou scia engeneer

272.14
240.00
220.00

myD- [kNm/m]

200.00
180.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

X

Obr. 43 - Grafické zndzornenie spodnych ndvrhovych momentov v prie¢nom smere

M =272.14kN*m
ed,pr

g =16mm
pr

h =800 mm
c r=50mm

2

.
PI" 2, 3142*16 mm> 5
A = = =201.062 mm
216 4 4
@pr 16 mm
d =h-c¢ -—=800mm-50mm - =742 mm
pr pr 2
f *
cd ed,pr
A =b* * *11-4/1-
s,req,pr pr| f . 2,
yd b dpr fCd
21 MPa 2*272.14kN*m
=Im*742mm?*| ———— -4/1-
434.783 MPa 2

I1m*742 mm~ * 21 MPa

=853.729 mm2

Navrhnutd spodnd vystuz v prie€nom smere:
216 po 150 mm
s =150 mm

pr

b 1m 2 2
A = *A =|—|*201.062 mm =1340.413 mm
S,pr spr 216 150 mm
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e Urcenie neutrdlnej osi
— *
Fst Acc,pr fcd

As pr i fyd
- 00278 m?
cc,pr f
cd
A =A*x *b
ccpr pPr

Acc,pr 0.0278 m2

X = = =0.0347 m
Pr A*b 08*1m

e Overenie zapoditatelnsti prie¢nej vystuze
0.0035

Ccu
S I CTIR T B Py
S,pr X pr pr 0.0347 m

} * (742 mm - 0.0347 m) = 0.0714%

yd  434.783 MPa
£ = = =0.00217%
yd ES 200 GPa

13 =0.0714 % =2 ,=0.00217% - VYHOVUJE
s,pr yd

e Stanovenie unosnosti Mrd
*
Xor " A 0.0347 m* 0.8
z =d - =742mm- ———— =0.728m
pr pr 2 2

M =A *f *z =1340.413 mm2 *434.783 MPa *0.728 m
rd,pr s,pr yd “pr

=424.342 kN*m
M P 424342 kN*m = Me

— * _
rd.p dpr™ 272.14 kN *m - VYHOVUJE
Konstrukéné zdsady v prie€nom smere
e Minimdlna plocha vystuze:
3.2 MPa 5
A =0.26"% *b*d =026* ———— |*1m*742mm=1234.688 mm" =
s,min,pr f pr 500 MPa

yk
0.0013*b * dIor =0.0013*1m*742 mm =964.6 mm2

e Maximdlna plocha vystuze:

=0.04*A =0.04*0.38 m2 = 32000 mm2
s,max,pr C

=1234.688 mm2 < As or =1340.413 mm2 <A = 32000 mm2

s,min,pr s,max,pr

e Stupen vystuzenia:

As,pr 1340.413 mm
= = =0.181% < 4,00%
pr b*dpr 1m*742 mm

2

o

e Minimdlna vzdialenost vystuze
S Mox[l.z * 2 35 mm, 20 mmj = Max(1.2 * 16 mm, 35 mm, 20 mm) = 35 mm

S o = Min(2 * h, 200 mm) = Min(2 * 800 mm, 200 mm) = 200 mm

Smin =35mm =< sIor =150 mm < Smox =200 mm - VYHOVUJE
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11.3.2 Hornd ohybovad vystuz:
Spi¢kové momenty nad podporou sa redukuji na miesto okraju loZiska
Navrhnutd vystuz symetricky podla spodnej ohybovej vystuze v priecnom smere
Med h= 34737 kN*m < Mr . 424.342 kN * m - VYHOVUJE

d.p

489.58
440,00
400.00
360.00
320.00
280.00

myD+ [kNm/m]

Obr. 44 - Grafické zndzornenie hornych ndvrhovych momentov v prie¢nom smere

11.4 Posudenie na Smyk
Vnutorné sily boli zistené pomocou scia engineer. Rozhodujldcou zostavou pre $myk bola grla v
kombindcii 6.10b. V kombindcii je zahrnuty aj vplyv predpinacej vystuze.
e Prierezové charakteristiky

A =079 m2
cr

| =0.0416 m4
cr

z =0.404 m
cr,1

z =0.396 m
cr,2

e =0304m
pr

wW =0.103 m3
cr,l

w =0.105 m3
cr,2

e Vnutorné sily
e Posuvadjucesily V_:

Ved q- 551.43 kN - Posuvajuca sila vo vzdialenosti dp =0.7m
Ved,1,8 =90.25 kN - Posuvajuca sila v 1/8 rozpdtia

Ved,2 8= 171.01 kN - Posuvaijuca sila v 2/8 rozpdtia

Ved,3,8 = 154.54 kN - Posuvajuca sila v 3/8 rozpdtia

Ved,4,8 =110.21 kN - Posuvajuca sila v 4/8 rozpdtia
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e

P ————pa—F 3

} [ -"‘--"-.--..._-:"---..._-_,________ — =

Obr. 46 - Posuvajuce sily od zostavy grb
e Momenty mxD:

Med,d = 382.27 kN * m - Maximdlny moment vo vzdialenosti dp =0.7m
Med,1,8 =604.24 kN * m - Maximdlny moment v 1/8 rozpdtia

Meg2 g =94784 kN * m - Maximdlny moment v 2/8 rozpdtia

Med,3,8 =1301.24 kN * m - Maximdlny moment v 3/8 rozpdtia

Med,4,8 = 1456.03 kN * m - MaximdIny moment 4/8 rozpdtia

e Predpinacia sila v case t :

Pd .= ~ 5382499 kN
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11.4.1 Rozhodnutie o vzniku trhlin

fctk,0,05 = 2.2 MPa
O(Ct =1.0
Ned Med . . fctk,0,05 . 2.2 MPa
Octd_ A + I zsfctd—act y =1 L5 = 1.467 MPa
cr cr C ’
Rez v 1/8 rozpadtia:
POI o

%1187 A
cr

=-0.945 MPa < fctd

Rez v 2/8 rozpdtia:

Med,l,8 [ -5382.499 kN } [ 604.24 kN * m }
= +

3

2 0.103 m

w 0.79m

cr,l

= 1.467 MPa - NEVZNIKNU TRHLINY

Pd,m Med,2,8 -5382.499 kN 947.84 kN * m
* %1287 A T w ) 2 ’ 3
T cr cr 1 0.79m 0.103 m
=2392MPazf_ = 1467 MPa - VZNIKNU TRHLINY
Rez v 3/8 rozpdtia:
P Med,3,8 -5382.499 kN 1301.24 kN *m
%1387 A || w B > |F 3
o cr cr,l 0.79m 0.103 m

=5.824 MPa = fctd

Rez v 4/8 rozpdtia:
Pd -

Med,4,8

= 1.467 MPa - VZNIKNU TRHLINY

° +

%1487 A
cr

=7.327 MPa = f
ct

-5382.499 kN
+
3

1456.03 kN * m }

W

cr,l 0.103 m

0.79 m2

q= 1.467 MPa - VZNIKNU TRHLINY

Uréenie miesta vzniku trhlin:

e Interpoldcia medzi rezmiv 1/8 a 2/8

L=21m

1895

1,467MPa
2,392MPa

fctd

-0,945MPa

Obr. 47 - Miesto vzniku trhlin

miesto vznku trhlin od podpory
X = 1/8*L+1895m=01/8*21m+ 1895 m=452m
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11.4.2 Oblast bez trhlin

chuct =65 mm

a =1.0
e
a =125
cw
6=30

cotg = /3 =1.732
3

tgo= — =0.577
3

I
cr cr

Pd,w -5382.499 kN
= = =-6.813 MPa

cr 0.79 m2

Od ™ A

=1m-1.2*65mm=0.922m
3

A *
bW—b 1.2 chuct

S=A*o=0.4m2*0.2m:0.08m
Unosnost prvku bez ohybovych trhlin:

| _*b’
aw

2
- — | * * *
Vided = S \/fctd T % Absiocdj fetd

0.0416 m* *0.922 m )
= * )/ 1.467 MPa“ + 1 * Abs(-6.813 MPa) * 1.467 MPa = 1670.760 kN

0.08 m3

Vv =1670.760 kN = vmo =551.43 kN - VYHOVUJE

rd,c,1 X ved,d
e Navrhnutd konstrukénd vystuz

11.4.3 Oblast s trhlinami

ASI = 4500 mm2

b=1m

d=0.70m

z=0.6m

k1 =0.15

ka: 35 MPa

o =6.813 MPa
.cp

0.18
C de= o < 0.12
rd,c Ve
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AsI 4500 mm2

0, = = =0.00643
' b*d 1m*07m

200 mm }0.5 [ 200 mm

0.5
=1535<2,0
d 0.7m

k=1+ [
Unosnost prvku porugeného ohybovymi trhlinami:

5|

—_ * * * * * * *
Vrdc,2_ Crd,c K (100 pI fckj +k1 o b*d

=10.12 * 1.535 * (100 * 0.00643 * 35 MPa) 3 +0.15*6.813MPa/*1m*0.7m
Vrd,c,Z =1079.404 kN = Ved,mox,z = Ved,2,8 =171.01 kN - VYHOVUJE

e Navrhnutd konstrukénd vystuz

Overenie unosnosti na tlacenej diagondle:

f
ck
v,=06*1-|—1|/=0516
1 250 MPa
* * * *
A V1 Ted P2 125%0516% 21 MPa* 1 m* 0.6 m
v = = =3519.094 kN
rd,max cotgb + tgd 1.732 + 0577
Vigeo=1079404kN<V | o =3519.094 kN - VYHOVUJE

216,/150

616/165 B | h*\@@m

_OSA MOSTU | | + +

Obr. 48 - Schéma vystuzenia
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12 KOTEVNA OBLAST
Aktivni kotveni VSL typ E

2oL w |
g| w! E:-*FM {? !7 { W3

/|

Obr. 49 - Detail kotvy

Predpinacie pramence 0,5"° 6-12

Posudzovand kotva s desiatimi predpinacimi lanami

Ap 1= 1500 mm2 - plocha predpinacej vystuze v jednom lane
O nax ~ 1404 MPa - maximalne napdtie pri napinani

=0 *A = 1404 MPa * 1500 mm2 = 2106 kN -maximdlna sila v kotve
max max  p,l

A =250 mm - rozndsacia doska

B=35mm

C=60mm

D =150 mm

E=104 mm

J=65mm

x = 300 mm - osovd vzdialenost medzi kotvami

12.1 Betén v sustrednom tlaku
d =] = 65 mm- priemer kandliku

ble:250mm

d1=A=250mm

b2 =380 mm

d2 =380 mm

hzdz—dl=380mm—250mm=130mm
hzbz-bl=380mm-250mm:130mm

A _=b =250 mm * 250 mm = 62500 mm2

*
c0 1 dl
A =b_*d,=380mm * 380 mm = 144400 mm2
cl 2 2

fck =40 MPa

fcd=24 MPa
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A 2

cl 2 144400 mm
F =A *f *71/—— =62500mm™ *24MPa* || ———— =2280kN=<A _*f
rd " cO ‘cd A 2 c0 cd
cO 62500 mm
= 4500 kN
F =2280kN=P =2106 kN - VYHOVUJE
rd max

12.2 Oblast 1 - pod kazdou kotvou

yp =1.2
F .=y *P =1.2*2106 kN = 2527.2 kN
ed "p  max
o _,=250MPa
sd
P
max 2106 kN 2
c*c'= = =0.0878 m
0.6 *f 0.6 * 40 MPa
ck
c= V/0.0878 m2 =296.311 mm
¢’'=c=296.311 mm
a=A=250mm
a’'=a=250mm
c c*c’ 296.311 mm * 296.311 mm
— =1.185<1.25* =1.25* =1.482 - VYHOVUJE
a a*a’ 250 mm * 250 mm
h=12*c=355573mm
c-a 296.311 mm - 250 mm
T =1/4* *F =01/4* *2527.2 kN =98.745 kN
bu c ed 296.311 mm
Tbu 98.745 kN 2
A = = =394.978 mm
slreq g 250 MPa
sd
Fed
015 * 2527.2 kN
' G 0.15*| ———
sd 250 MPa 2
.= = =758.16 mm™ - pre 2 strihy strmienku
s,1,min 2 2

e Ndvrh vystuze
@ =14 mm - dvojstrizné

*3

2
A®14 =153 mm
Tbu 98.745 kN
n = . = =2.582
Ap14” %d 153 mm> * 250 MPa
n=5
A =n*A =5%*153 mm2—765 mm2 > A = 758.16 mmZ—VYHOVUJE
1,st @14 B = "s,1,min :
0.8*h 0.8 * 355,573 mm
s’ = = =56.892 mm
1 n 5
s1 =50 mm
2
_ )k * _ ) *E % * _ _ _
Fl,rd_z n AQ514 Osd—Z 5*153 mm 250 MPa = 382.5 kN ZTbu—98.745 kN
VYHOVUJE
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12.3 Oblast 2 - v povrchu ¢ela

F ,=0.03*F ,=0.03*2527.2kN =75.816 kN
sd ed

I:sd 75.816 kN

A = = = 303.264 mm2
s,2,req o4 250MPa

n, =

2 2 /
— * — 9 * — _
AS,Z_nZ A 14 =2*153 mm =306 mm Navrhnuté 2x @14mm

A _ =306 mm2 =A =303.264 mm2 - VYHOVUIJE
s,2 s,2,req

12.4 Oblast 3 - celkovd oblast
n_= 3 - pocet kdblov v jednom metri

YF =y *o *n *A =1.2*1404MPG*3*1500mm2=7581.6kN
ed 'p max p pl

t =400 mm
ac = 250 mm -rozmer kotevnej dosky
cc =800 mm

h =l.2*0.8*cZ=1.2*0.8*800mm=768mm

M M M Q@

C--0
2
C
2
Tbu3  1303.087 kN 2

A = = =5212.35mm
s.3,req oy 250 MPa

800 mm - 250 mm
800 mm

— * * — * * —
Tous = (1/4) SF g = (0 1/4) [ } 7581.6 kN = 1303.087 kN

= 4548.96 mm2

2Feq X [ 7581.6 kN

A, . =015*% =0.15
s,3,min o 250 MPa

sd
Navrhnuté 7 x 4 x 214mm
e 7 rdd 4 striznych mriezok po 100mm

4*@2 4*14mm2 2
A =n3*4* =7*4* — | =5488 mm

A _ =5488 mm2 =A =5212.35 mm2 - VYHOVUIJE
s,3 s,3,req

69



Zoznam tabuliek

Tab. 1 - ReGUIACNE SUCINILEIE ..........uveeeeeeeeeeeeie ettt e ettt e s e e e et e s et e e e atae e e eaaeeeesateeeeenssaeeas 10
Tab. 2 - POrovNQani€ MOMENTOV ..........ccccceueeiieiieiiieiiieiiee ettt ettt te sttt e seesbe s bt s bt ebeesreeseesneereereens 30
TAD. 3 = KOMBDINGCIE ...ttt ettt st st b e b e she e st e s besbe e beenbee s 32
TAD. 4 - KIGEKOGODE STIALY .......eoeeeneeeeeeeeteee et eeetee e et e e ettt e e ettt e e e et ae e e eetba e e e e ataeaeeessaeeeeaseeeesnsaaens 42
o] R o To e [ To T OSSR 44
Tab. 6 - DINOAODE FEIAXGCIA .....ccueeeneieiiiieeeeeee ettt et sttt s e e e 45

70



Zoznam obrazkov

Obr. 1 - Sirkové usporiadanie KOMUNIKGCIE ...........cceeeeeeeeeeeeeeeeeeeeeeeeeeeee et et e es e e en e s 6
Obr. 2 - POAOrys MostNej KONSTIUKCIE ...........cccoueeeeiiiuieeeeiiieieescie e e ectteeeesee e e s eaasee s s steeeasnsaeesensseesasnasaeaean 7
Obr. 3 - SkutoCny prierez v PoloviCi FOZPGLIA .........cccueeeeecueeeieiiieeeccie e e et escre e e e e e s sre e e e saaaeesesveeaans 8
Obr. 4 - Zjednoduseny prierez v poloViCi FOZPALIQ ............c..eeeeecuueeeecreeieecieeeeeeieeeeeciteeeeeirreeeeereeeeesaraeaeas 8
Obr. 5 - Axonometricky pohlad na vypoCtOVY MOMEI .............ccueeeeecueiieeiiiee et e 8
Obr. 6 - Ostatné stdle zataZenie Na pratovom MOdeli ............ccueeeeceueiieciieiiiciiee e e 10
Obr. 7 - Rozdelenie do zat@ZovaciCh PrUROV ...............eooecciiiiiiiie et e e 11
Obr. 8 - Roznos zataZenia tandem systému na prutovom mModeli ...............ccccveeeecieeeeeciieeeeeiieeeeenenn. 13
Obr. 9 - Pédorys roznosu zataZenia tandem systému na prutovom modeli ..............cc.cccvuveeeccueeeennnne. 14
Obr. 10 - Roznos zataZenia UDL na pratovom mMoOdeli .............cueeeecueiicciiieeeeciieeeccieee e eeieee e seaee e 17
Obr. 11 - Roznos zataZenia od zvldstneho vozidla na priutovom modeli ...............cccveeeeeciieeeciieeennnne. 18
Obr. 12 - Pédorys roznosu zataZenia od zvldstneho vozidla na prutovom modeli ............................... 19
Obr. 13 - Grafické zndzornenie momentov od VIAStNEj tiQZE ..........ccueeeeecvueeeeciiieeeecieeeeecee e 20
Obr. 14 - Rozmiestnenie ostatného stdleho zataZenia na 2D modeli ..............ccceeeereiivinsiensenseenens 21
Obr. 15 - Grafické zndzornenie momentov od ostatného stdleho zataZenia .............cccceveeeccvveeennn. 22
Obr. 16 - Grafické zndzornenie momentov od tandem SYStEMU ............ccceeeeecceeeeeciieeeeeiieeeeeeciee e 23
Obr. 17 - Roznos zataZenia od tandem systému n@ 2D MOdeli .............ccueeeeceieeeeecieeeeeeiieeeeieee e 23
Obr. 18 - Drdhy vozidiel v zataZovacich pruhoch na 2D modeli .............cccueeeeccueeeiicieeeeeiie e 24
Obr. 19 - Grafické zndzornenie MomMentoV UDL .............ccueeeiceeiieeciieieeciiee e ccee e s se e s e savanee e 25
Obr. 20 - Rozmiestnenie UDL NG 2D MOAEIi ............cccoeeieieiieiiiiieiiie ettt s 26
Obr. 21 - Pédorysné rozloZzenie UDL Na 2D MO i .............ccocceeeieciuiieieeiiieeeeciie et 27
Obr. 22 - Grafické zndzornenie MomentoVv OA LIMI3 ............oeeicueeeeciieie e ecee e steee e evae s e baee e 28
Obr. 23 - Roznos zataZenia od zvldstneho vozidla na 2D modeli ..............cceeeeeeincinoeniinieeieneeneene 28
Obr. 24 - Pédorysné umiestnenie zvldstneho vozidla na 2D MOdeli ...............ccooueeeeceeeiecciieeeeeieeeeenne, 29
Obr. 25 - Maximdlny ndvrhovy moment v charakteristickej KOmbBIiNGACii ...............cccoeueeeeciueeeecreeneennnne. 33
Obr. 26 - Maximdlny ndvrhovy moment v ¢astej KOMbBINGACIi ..........c..eeeeecvueeeeciieieeiiieee e 33

71



Obr. 27 - Maximdlny ndvrhovy moment v kvazistdlej Kombindcii ...........c.ooceevveiieicieeiiiciieeeeecieeeeee 34

Obr. 28 - Maximdlny pozdiZny ndvrhovy moment v kombinGcii 6.10b .............ocveeeeeeeeerrereressrenenns 34
Obr. 29 - Maximdlny prie¢ny ndvrhovy moment v kombindGcii 6.10b .............cccccccceuueeeeeveeeeecireeeeennnn. 35
Obr. 30 - NeosIabeny prierez NA IMD ............c..ooeoeccieeeeciiee ettt ee e e e etee e e ete e e e e are e e e aneeas 37
Obr. 31 - Interval mozZnej Predpinace) Sily ...........ouccueeeeiieieeeiee et e e sabae e e 39
Obr. 32 — ROZMIEStNENIE KADIOV ........cccueeueeiieiiiiiiiee ettt st sttt 40
Obr. 33 - OSIADENY PrIErEZ NQA 1IMD .....ccc.eeveeeeeiiiie ettt e e ettt e et e e e e tte e e e e tae e e e eaabae e e etaeeesennaaeeeensens 41
Obr. 34 - Graf NAPGLIA V KGDII .......cccuveeeeiiee ettt ettt e e et e et e e e et e e e e e ate e e eennaaeeeenses 46
Obr. 35 - OSIADENY PrIEIrEZ NQA 1IMD .....coc.eeveeeeeiiiie ettt e e ettt e et e e e et e e e eae e e eeabae e e etaeeesennaaeeeensees 48
Obr. 36 - Napditie na doINYch VIGKNGACH V Tg .......oeecuvieeeciieeeeecceee ettt e e e e e 49
Obr. 37 - Napditie NG hornych VIGKNGCHA V 1 ........eeecuvieeiiiieieccee ettt 50
Obr. 38 - Napdtie na hornych vidknach v t.. - charakteristickd kombindcia ...........ccccccccoveeeecveeeennnne. 51
Obr. 39 - Napditie na dolnych vidknach v te. - Castd kombindcia .............ccoeeeeeveeeecceeeiecciie e, 52
Obr. 40 - Napdtie na hornych vidknach v t.. - kvdzistdla kombindcia ...........cccceeeeveeeieciiieeeeciieeeene, 53
Obr. 41 - Grafické zndzornenie ndvrhovych momentov v pozdiZnom SMere ...............ccocvceeeeeveeevevenenn. 54
ODbr. 42 - ZAPOCTEATEINOSE VYSTUZE ......ooeeeeeeeeeeieeeeeeeeee e eeeee et e e tttte e e e etee e e e sbe e e e eatr e e e e e aree e e ennaeeeeeans 58
Obr. 43 - Grafické zndzornenie spodnych ndvrhovych momentov v priecnom smere..............c............ 60
Obr. 44 - Grafické zndzornenie hornych ndvrhovych momentov v prieCnom smere.................cccuu..... 62
Obr. 45 - Posuvajuce Sily 0d ZOSTAVY GILQ .........uuueeeccueeeeiiiiieeeeiieeeeciie e e ste e s sae e s sebrae s e staes s ssnaae e e eeees 63
Obr. 46 - PoSUVAJUCE Sily OU ZOSTAVY GI5 .....coc..uuueeeeeeeeeeeeeee et eeeetee e ee et e e e ettt e e e ete e e e eare e e e e aaee e e naees 63
Obr. 47 - MieSto VZNIKU ErAIIN .......cooiiieiieie ettt et ettt sttt e beesbe e 64
(0] 2T F o Yol s T=T 0T VA Y AV {=1 ¢ Lo SRR 66
(02T K D L o [ (o] 17 SR SPP 67

72



