FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik
Déno:
rozpéti pole: 1=27,3m
Sitka horni piiruby: b=1,15m
Sitka dolni ptiruby: 06b = 0,69 m
Sitka spar mezi hornimi pfirubami: 0,40 m
zatiZzeni nahodilé dlouhodobé: g, = 6,9 kN/m’
zatiZzeni nahodilé kratkodobé vozidlo: V =59,6 kN
podvalnik: v =20,6 kN/m
druh predpéti: omezené
druh predpinaci vyztuze: L, 15,5 - 1620
druh beton: C35/45 (cca 500)
9,= 10,030 kN/m  Zativent:
SPLLLLLULLLLLLILLLLLLLLILLLY, © ostatnf stdlé: g, = 6,9 kKN/m®
) L= 273m ) 1,55g, = 10,070 kN/m
1 1
M,, = Vs g, I’ = ¥ 10,070x27,3> = 938,13 kNm
nahodilé kriatkodobé:
185 X2 q1gs o N
r vozidlo: V =59,6kN
V £ 59.6 kN
1 1
= J, = -06 ~ “o6 = L19
- 273m ] 0.95- (1.41) 095- (1.4 x 27.3)
i M, = 2x59,6x13,65 - 2x59,6x1,2 = 1484,04 kNm
b 18.5 L O.M, = 1766,01 kNm
1 g g 1
v.=206 kN/m  podvalnik: v =20,6 KNm’
A AANANATANAAL A A 5r =1,05
] | = 2%.3m B
i ( M, = Av = 83,48x20,6 = 1719,71 kNm

8 M, = 1805,70 kNm = 5 M

v,max

Névrh prifezu:

M, +o.M
PBX bX

938134 + 1805.70
d>102 .
00902 x 115% 16.0x 10

v, max

d>k,

O-b ,dov

=1311Im

Navrzeno d = 1,4m

Tvar prafezu:
viz vykresova piiloha
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Prifezové charakteristiky:

275% 1150% 1375+ 32x 50x 475x 291.67 + 825x 200X 687.5+ 32 x 150x 245x 1050+ 300 x 690 x 1250
X, =

r 275% 1150+ 52 x 50x 475+ 825x 200+ 52 x 150x 245+ 300x 690

X, = 784,06 mm
A, = 7,49x10° mm?
z, = 784,06 mm
7, =615,94 mm

L,=L; + Aa’=1,79 x 10" mm*

I
= 2= 2,280 x 10° mm®
<y

I
W, = == = 2,903x 10° mm’

<y
. W
Ji = Xb = 304, 41mm
. W
Jo = A_b = 387,58mm
W 2
B= > =0,0902 = W, = 0,0902 x 1,L15x 1,4° = 0,2033
Posouzeni: bd

W, = 0,228 > 0,2033
Lepsi pro dalsi vypocet

Vlastni tiha nosniku:
g, = YA, = 26 kN/m’x0,749 m* = 19,47 kN/m

Navrh predpinaci vyztuze:
M,(x=1/2) = V& 19,47x27,3* = 1813,84 kNm
M, =M, + M,, = 1813,84 + 938,13 = 2751,97 kNm
max M, = M, + 0 M, ...
min M, = M, + &M, ;, = 2751,97 + 1,05x0 = 2751,97 kNm

d, = 1,5 ... dynamicky soucinitel z ti¢inné dopravy

8,M,, = 1,5x1813,84 = 2720,76 kNm
M, =M,, = 1813,84 kNm ... moment v okamzZiku pfedepnuti
M, = sup {maxM,; min M,; 6M,}= maxM, = 4557,67 kNm
M, = inf {maxM,; min M, }= minM, = 2751,97 kNm
M =inf(M,;M;;M,} = My = M, = 181384kNm
€y (12) =2, - 8,4, = 784,06 - 140 = 644,06 mm
pDO

@w=—= 0,9 ... (pro ndvrh se voli) - G¢innost predpé&ti

Po
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Soustava nerovnic:

D e - wpy (€ +j) +M; < W04,
©: -pyle+ti)+ M > W04,/
@ e po(ep-J)-M < W,104000"
©: wWp, (epx - Jl) - Ml 2 WZOdov,Z-
G -
= NS W0, - M, 02280x (2,6 10°) - 4557,67
| | Py 2 —L = = 4100,85kN
4100.85kN _ 6780.85kN - ale, + ) - 090,644+ 0.388)
28L.FLkN  623134kN = \
WOui = M 02280x (-18x 10 - 181384 _ oo
Po=" e, v i - (0,644 + 0,388) R
Mo, M 02903x 1,05x 10° + 181384 231L34N
Po= e, - iy (0,644 - 0,304) S
. WiGun + M, 02903x (-16x 10%) + 4557,67 284 TAIN
Po = e, - j) 0,9(0,644 - 0,304) - ’

min p, =4100,85 kN
max p, = 6780,85 kN

p, = min {1,03min p,; 0,5(min p, + max p,)} = {4223,88 ; 5440,85}
p, ~ 4830 kN

Napéti ve vyztuzi
0, = 0,810, =0,935x0,81x1380 = 1045,14 Mpa
p, 4830

o 104514

po

A =

p.ndvrh

= 4621,40mm”

Pocet lan:

- Apoin 42140, o oy
P VTR

a, ... plocha jednoho lana 141,57mm?

Pocet kabelti:
n,=n,/7=33/7T=4ks=> 4 kabely po 7-mi lanech
1 kabel po 6-ti lanech
34=A,/141,57 => A, = 4813,38mm’

Skutecnd p, stanovend pro A, >A_ .
P, = A,0,,= 4813,38x1045,14x10” = 5030,66 kN

p, € <min p, ; max p,>

Rozmisténi kabell v priifezu (1/2):

Priklad 1 - v0O. - str. 3/37




FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Vvoev

a, = 168,82mm
e, (12) =7, - a, = 784,06 - 145,88 = 638,18 mm
| €5y - Epeniurn |= | 638,18 - 644,06 | = 5,88 mm

Posouzeni: 5,88 < d/200 =7 mm
vyhovuje

Navrh kabelovych drah:
8 =3,4125m
Y4 =6,825m
% =10,2375 m
12 =13,65m

Moment od vlastni tthy M,
g, =19,47 kN/m
A =B =27,3x0,5x19,47 = 265,77 kN
Ve =>M,, = 793,56 kNm
Ya =>M,, = 1360,39 kKNm
¥%s => M,, = 1700,48 KNm
Y2 =>M,, = 1813,85 kNm

M, (x) = Ax - g x*/2

Moment od vlastni tthy M, = M,, + M,
g, =g, +g =19,47+10,070 = 29,54 kN/m
A =B =403,22 kN
Y8 => M, = 1203,99 kNm

g

Ya =>M, =2063,99 kNm
¥ => M, = 2579,98 kNm
Y2 =>M, =2751,98 kNm

Moment M, - podvalnik
v =20,6 kNm"'
Q=20,6x18,5=381,1 kN
Pro n, = n, plati:

x-a 8,8—x+a3 ~ 18,5
x  273-x YT 273"
~ (x-a+925xQ0
- 273

A=Q-B

2
av

Mv(x)=Ax—7
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Ve: x=3,4125m
a=23125m
B = 144,48 kN
A =236,62 kN
M, = 752,38 kNm

Va: X =6,825 m
a=4,625m
B = 159,84 kN
A =221,26 kN
M, = 1289,78 kNm

Ys: x =10,2375 m
a=6,9375m
B =175,19 kN
A =205,91 kN
M, =1612,28 kNm

Ys: x=13,25m
a=925m
B =190,55 kN
A =190,55 kN
M, =1719,71 kNm

Moment M, - 4 néprava
Winklerovo kritérium
V =59,6 kN
R =4xV =4x59,6 = 238,4 kN

V. x =3,4125m

RE = 2384202
[ 777 273
R, =59,6 >29,8 => 1. bfemeno do x
59,6(23,8875 + 22,6875 + 21,4875 + 20,2875) = Ax27,3
A =192,88 kN
M, = Ax = 192,88x3,4125 = 658,20 kNm

= 29,8kN

Va: X =6,825m

b

X 5
R—= 2384 = 59,6kN
[ 27,3
R, =59,6 =59,6 => 1. bfemeno do x
59,6(20,2875 + 19,0875 + 17,8875 + 16,6875) = Ax27,3
A =161,44 kN
M, = Ax = 161,44x6,825 = 1101,83 kNm
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik

<
<

>

>

0.078m

-0.282m

0.514m

0.792m

x =10,2375 m
R~ 2384 10,2375
[ 77 2713

R, =59,6 < 89,4 => 2. bfemeno do x

59,6(18,2625 + 17,0625 + 15,8625 + 14,6625) = Ax27,3
A = 143,76kN

M, = Ax = 143,76x10,2375 = 1471,74 kNm

= 89,4kN

x =13,65m
M, = 1484,04 KNm => viz. str.1

Ve Vypocet e, i, 5 €, mau PTO X = V81

M,, =793,56 kNm

M, =1203,89 kNm

max M, = 752,38 kNm

min M, = 658,20 kNm

max M, =M, + 0,max M, = 1203,89 + 1,05x752,38 = 1993,89 kNm
min M, =M, + d,min M, = 1203,89 + 1,05x0 = 1203,89 kNm

M, =M,, =793,56 KNm

M, = max M, = 1993,89 kNm

M, =M, =1203,89 kKNm

M=M, =753,56 kNm

P, - konstantni po celé délce nosniku
p, = 5030,66 kN
®w=09

O e - WPy (€px +Jo) + M, < W04, ,"
-0,9x5030,66(e,,, + 0,388) + 1993,89 < 0,228x2,6x10°
4527,59¢_ . > 354,62

px =

€y 2 0,078 m
©: -Po (€px +1Jo) + M >W 04001
-5030,66(e,,, + 0,388) +753,56 > 0,228x(-18x10%)
e . <0,792m

px =
@ ®: Po (epx - .]1) -M < W20dov,2+
5030,66(e,, - 0,304) - 753,56 < 0,2903x1,05x10°
e. <0514 m

px =
©: WPy (€ - J1) - M2 Wy04, 5
0,9x5030,66(e,, - 0,304) - 1993,89 > 0,2903x(-16x10%)
e, >-0,282 m

px =

e, € <0,078;0,514>
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Y4 Vypocet €, i, 5 €, max PTO X =4 1
M,, = 1360,39 kNm
M, =2063,99 kNm
max M, = 1289,78 kNm
min M, = 1101,83 kNm
max M, = M, + d,max M, = 2063,99 + 1,05x1289,78 = 3418,26 kNm
min M, = M, + 6 min M, = 2063,99 + 1,05x0 = 2063,99 kNm
M, =M,, = 1360,39 kNm
M, = max M, = 3418,26 kNm
M, =M, = 2063,99 kKNm
M=M,=1360,39 kNm

P, - konstantni po celé délce nosniku
p, = 5030,66 kN
®w=09

> ® @: - wp, (epx +j2) + M1 < \A]lo-dov,l+

| | P> -0,9x5030,66(e,, + 0,388) + 3418,26 < 0,228x2,6x10°

<]
<

0.236m 0.698m €2 0,236 m
0.033m 0.635m O©: -py(ey+i)+ M>W,0,,
-5030,66(e,, + 0,388) + 1360,39 > 0,228x(-18x10°)
e <0,698 m

px =
@ e Po (€px = J1) - M < Wy04,,"
5030,66(¢,, - 0,304) -1360,39 < 0,2903x1,05x10°
e . <0,635m

px =
©: wp, (e, - i) - M= W,0,,, 5
0,9x5030,66(e,, - 0,304) - 3418,26 > 0,2903x(-16x10%)
Cpx 2 0,033 m
e, € <0,236,0,635>

Y8 VYpoCet €, pin > €pmax PIO X = Y8 1
M,, = 1700,48 kNm
M, =2579,98 kKNm
max M, = 1612,28 kNm
min M, = 1471,74 kNm
max M, = M, + d,max M, = 2579,98 + 1,05x1612,28 = 4272,87 kNm
min M, = M, + 6 min M, = 2579,98 + 1,05x0 = 2579,98 kNm
M, =M,, = 1700,48 kNm
M, = max M, = 4272,87 kNm
M, =M, =2579,98 kKNm

M =M, =1700,48 kNm

p, - konstantni po celé délce nosniku
p, = 5030,66 kN
w=09
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik
j ‘ E O e - WPy (€ +J2) + M, < W0, 1"
[ | -0,9x5030,66(e,,, + 0,388) +4272,87 < 0,228x2,6x10°
0.222m 0'1'25"(').?09m o.166m . € 20,425 m
©: -pylenxtj)+ M=>W0y,
-5030,66(e,, + 0,388) + 1700,48 > 0,228x(-18x10?)
€ < 0,766 m
@ e Po (€ -J1) - M < W,0,005"
5030,66(¢,, - 0,304) - 1700,48 < 0,2903x1,05x10°
€y < 0,709 m
©: wp, (e, -]i) - M= W,0,,, 5
0,9x5030,66(e,, - 0,304) - 4272,87 > 0,2903x(-16x10°)
Cpx 2 0,222 m
e, € <0,425;0,709>
Y2 Vypocet €, iy 5 €, max PTO X =21
M,, = 1813,85 kNm
M, =2751,98 kNm
max M, = 1719,71 kNm
min M, = 1484,04 kNm
max M, = M, + d,max M, = 2751,98 + 1,05x1719,71 = 4557,68 kNm
min M, = M, + 6 min M, = 2751,98 + 1,05x0 = 2751,98 kNm
M, =M,, = 1813,85 kNm
M, =max M, = 4557,68 kNm
M, =M, =2751,98 kNm
M=M, =1813,85 kNm
P, - konstantni po celé délce nosniku
p, = 5030,66 kN
®w=09
> D e - WP, (€ +J2) + M < W0y, /7
2 ‘ -0,9x5030,66(e,,, + 0,388) +4557,68 < 0,228x2,6x10°
| — ey > 0,488 m
o.zasrﬁ'l’sam 0.725m 0758 ©: -pyytid)+ M= W04,
-5030,66(e,, + 0,388) + 1813,85 > 0,228x(-18x10?)
e . <0,788 m

px =
@ e Po (€py = J1) - M < Wy0y,,"
5030,66(¢,, - 0,304) - 1813,85 < 0,2903x1,05x10°
e <0,725m

px =
o: WPy (epx - Jl) - Ml2 WZOdov,Z-
0,9x5030,66(¢,, - 0,304) - 4557,68 > 0,2903x(-16x10°%)
e >0,285m

px —

e, € <0,488:0,725>
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

0/8 Vypocet €, pin 5 €pmax Pro x =0 Zacétek nosniku
M,=M,=M,=M=0kNm

> O e - WP, (€ +J2) + M < W0y, 7
| i > -0,9x5030,66(e,,, + 0,388) + 0 < 0,228x2,6x10°
0.428m Cox > -0,519 m
©: -pylenxtj)+ M>W 04,
-5030,66(e,, +0,388) +0 > 0,228x(-18x10%)
e. <0428 m

px =

<
<

-0.519m
-0.722m 0.365m

@ e Po (€ - 1) -M < W,0,00,"
5030,66(¢,, - 0,304) - 0 < 0,2903x1,05x10°
e . <0,365m

px =
o: WPy (epx - Jl) - Ml 2 WZOdov,Z-
0,9x5030,66(e,, - 0,304) -0 > 0,2903x(-16x10°)
e . >-0,722 m

px —

e, € <-0,519;0,365>

Névrh rozmisténi kabeli nad podporou:

2x wx 17,76* x 150+ wx 17,76* x 630+ X 16,44* x 900+ 7z x 17,76* x 1150
x, = 3 3 = 595mm
47x 17,76" + £x 16,44

v[m] 1[m] Iv[m] r[m] w[°] 1i1[m]
O+@ 0,06 2,50 3,00 2292 | 1,25 2,50
® 0,54 7,00 8,00 1389 | 4,12 7,02
@ 0,665 8,50 10,00 20,86 | 4,11 8,52
® 0,77 10,50 12,50 2987 | 3.83 10,52
., =12-12)2v 1,.1... volim
tg w=2v/(1+])
l,=l/cos w

Vypocet vzepéti kabelt:
Vi, =150-90 = 60 mm
v; =630 - 90 = 540 mm
v, =850 - 185 = 665 mm
vs = 1050 - 280 = 770 mm

v Vv

V=XxXtgw
@ v % v =3,4125tg @
a=0,63-v=0,63-34125tg w
@ v Va: v=34125g ®
a=0,90-v=0,90 - 3,4125tg @
G v v =34125g ®

a=1,15-v=1,15-3,4125tg w
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik
@ v u: v = 6,825tg

a=0,63-v=0,63-6,825tg ®
@ v v v = 6,825tg @

a=0,90-v =0,90 - 6,825tg ®
® v %: v = 6,825tg

a=1,15-v=1,15-6,825tg »
@ v %: v =10,2375tg ®

a=0,63-v=0,63-10,2375tg
@D v %: v =10,2375tg

a=0,90-v=0,90 - 10,2375tg
® v %: v =10,2375g @

Vv

a=1,15-v=1,15-10,2375tg w

0/8

iz Ya EZ) Vo pocet Prl{tﬁ
v kandlcich

®
@|®| @ £
®

0,15
0,63
0,85
1,05

009 _ 009 _ 009 _ 009 14
. 038 _ 014 _ 009 . 009 7
. 060 _ 036 _ 0185 _ 0,185 6
. 082 059 _ 036 . 028 7

0/8:

Vs:

/%

3g:

Va:

a

S
S

a

S
S

a

©p
©p

a

©p
©p

14*0,09+ 7*0,09+ 6*0,185+ 7*0,28
a =

S
S

140,15+ 7*%0,63+ 6%0,85+ 7*1,05

= = 0,558m
34

=z,-a=0,784 - 0,558= 0,226 m

€ <-0,519;0,365>

14*%0,09+ 7%*0,38+ 6*0,60+ 7*0,82
= 4 = 0,390m

=z,-a=0,784-0,390 = 0,394 m
€ <0,078;0,514>

14%0,09+ 7%0,14+ 6%0,36+ 70,59
B 34
=z,-a=0,784-0,251=0,533 m
€ <0,236;0,635>

= 0,251m

_14%0,09+ 7%0,09+ 6%0,185+ 7*0,36
- 34
=z,-a=0,784-0,162 = 0,622 m

€ <0,425;0,709>

=0,162m

= 0,14
4 0,146m

=z,-a=0,784-0,146 = 0,638 m
€ <0,488;0,725>

Vyhovuje
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik

g,= 20,6 kN/m
L [ = 2%3m L
1 1

g,= 10,070 kN/m

L l = 21.3m L
7 7
1 3x1.2

’ 22.1 ¥

V = 596 kN

L l = 273"1 |
1 7
%xﬂm

L

x=1m

0,97

120,03

1 185 , 18
K 7 7

v = 206 kN/m

WAAAALAAAAAALLAAAL L

L l = 2?3”\ L
7 7

x=1m
H AHM

T
0,97 @ 213 18

Posouzeni nosniku

Utinky zatiZent:
max My, =M, (1/12) = Vs g, 1> = Y6 19,47x27,3* = 1813,85 kNm
My smpk = My (X = 1m) =2 gjlx - %2 g,x* =2 19,47x27,3x1-
-1%19,47x1% = 256,03 kNm
Qqo, smyk = Qgo (x = 1m) =V2 g1 - g x =12 19,47x27,3 - 19,47x1 =
= 246,30 kN

Pozn: Kriticky prufez z hlediska smykového naméhani se nachdzi
v X = Ilm => v zacatku nabéhu zesileni stojiny nosniku

max M,, =M,, (I12) = s g, I> = ¥ 10,070x27,3* = 938,13 kNm

My gk = My (X = 1m) =2 g/1x - %2 g,x* =% 10,070x27,3x1-
-%10,070x1°= 132,42 kNm

Qut, smyk = Qg (x = 1m) =Y2 g1 - g;x =12 10,070x27,3 - 10,070x1 =
=127,39 kN

Vozidlo:
max My stanovim pro soulad se stalym zatiZenim v x = 1/2 = 13,65m
max My = 1484,04 kNm... viz str.1

Smyk =>x =1m
R =4V =4x59,6 kN = 238,4 kN

X
R—=12384
/ T 273

= 8,73kN

R, =59,6 kN > 8,73 kN => F,,, je prvni bfemeno

26,1 N 249 N 23,7
273 273 273
26,1 . 24,9 . 23,7
273 273 273

My g =V Y N = 59,6X0,97X(1 + j =216,00 kNm

Qi =V Y Mo = 59,6X0,97X(1+ ) =216,00 kN

Podvalnik:
max M, stanovim pro soulad se stdlym zatizenim v x =1/2 = 13,65m
max M, = 1719,71 kNm ... viz str.1

Smyk =>x=1m

M

v, smyk

0,97 1 0,97
=vA_,, =20,6 18,5><’7><10+7x18,5x(0,97—’7>< 7,8)):
M 273 2 27,3

=252,54 kNm
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

x=1m

097 1 097 o)) =
0,97 Aml Qy, smyk = VAo = 20,6/ 18,5x 273X 10+ X 185x [0,97— 23" 7,8]] =
=252,54 kN

120,03

Potom pro namdhani ohybem (x =1/2 = 13,65m):

M, = My + M, = 1813,84 + 938,13 = 2751,97 kNm

max M, ., = max {max My; max M, } = {1484,04;1719,71}
=>max M, .. = 1719,71 KNm

min M, ;s = 0 kNm

max M, =M, +dM, .. =2751,97 + 1805,70 = 4557,67 kNm

min M, = M, + O M, ;, = 2751,97 + 1,05x0 = 2751,97 kNm

Pro nejvétsi smykové namahéni (x = 1m):

M, inyk = Mo amgic + Mgp gy = 256,03 + 132,42 = 388,45 kNm
Qg smyk = Qo smyk + Qu1. myie = 246,30 + 127,39 = 373,69 kNm
max Q,noq = Max {Qy i Qy, sy} = {216,00;252,54}
=>max Q, ;¢ = 252,54 kNm
=>max M, ;.4 = 252,54 kNm

max Q, = 0,9Q, yuy + 1,18,Quuoe= 0,9%373,69+1,1x1,05%252,54=
= 628,00 kN

max M, =0,9M, ;. + LLIOM, 4=
=0,9x388,45+1,1x1,05x252,54 = 641,29 kN

Prirezové charakteristiky

A) pro plny priifez
A, =7,49x10° mm?
z, =784,06 mm
z,=615,94 mm
L,=1,+Aa’=179 x 10" mm*

1,
i, =.—— =488,.86mm
R Ab

I
W, = = = 2,280x 10* mm’

4
I
W, = == = 2,903x 10* mm’
)
. W
J = —— =304,4lmm
Ab
. W
= 387,58mm

b
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B) pro prifez oslabeny kandlky v x =1/2 = 13,65m:
A, = 4a, = 4x¥4 1d* = 5x44 160* = 14137mm>
A=A, - A =749000 - 14137 = 7,349x10° mm”
L, = Yla(a - a,)’] = 3x% 160” (90-146)* + Y4 m60” (185 -146)*+
+¥4 T160” (280 -146)*= 8,17x10" mm*
Az - Ay 749X 10° x 784,1- 14137 x 146 ~
A, 7,349 x 10° B
= 796,34mm

- 7,49x10°x14137x(796,34 - 146)*/(7,349x10°) =
=1,728x10"" mm*

I
iyo = /Ay—“) = 484.9mm
b,0

I
W, = —= = 2,170 10° mm®
210

<10

I
20 _ 2 .863% 108 mm’

=
oI |

2,0

Jio = 389,51mm

S

N

,0

=

1,0

J20 1 295,28mm

b,0
€o0=Z1p- A= 796,34 - 146 = 650,34 mm

Pruznostni konstanty
B500 => E, = 38,5 Gpa

A, = 34x141,57 = 4813,38 mm? .., = 141,57 - plocha 1 lana
E, =195 Gpa

E,A,  195x 481338
E,A,, 385x7349x10°

e, 650,34
p=V 1+ == = 0033 | 1+ -2 | = 0,092

= V=

= 0,033
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Stanoveni skupin kabeli

A) Geometrie
al) Kabely D+@

Povazujeme za ptfimé, tj. mirné zakiiveni zanedbavame.
a2) Kabel @

Prepocet poloméru:

r=r1,,,(140,5tg’w) = 13890(1+0,5tg’4,12°) = 13926 mm

11300

a3) Kabel @
Prepocet poloméru:

r=r,. (1+0,5tg?w) = 20860(1+0,5tg%4,11°) = 20914 mm

7300

a4) Kabel ®

Prepocet poloméru:
r=r1,,,(140,5tg’w) = 29970(1+0,5tg*3,83°) = 30037 mm

5300

B) Primérné kabely
1. skupina kabelti:
Kabely 1 + 2 tvofi skupinu piimych kabelt.

2. skupina kabelt:
Kabely 3 + 4 + 5 vytvoii skupinu kabelti, reprezentovanou
prumérnym zaktivenym kabelem. Parametry odpovidajich si ¢asti
se nelisi vice nez v poméru 1:3.

Parametry priimérné dréhy:

ar = (7,02+ 8,52+ 10,52) = 8,69m
a» =1(11,3+ 7,3+ 53) = 6,97m
@=1(4,12+4,11+3,83) = 4,02°

r=3(13.89 + 20,86+ 29,87) = 21,54m
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Kotevni napéti

Pro jednoduchost bereme jako 80% pevnosti kabelu.
1. skupina kabelti:

‘6, =08%x 0, =08x1620= 1296 MPa
2. a 3. skupina kabelt:
*c, =08x 0, =08x1620= 1296 MPa

Vyrobni zmény predpéti
Ztréty ttenim:
1.skupina kabelt:
ANo=-'0,(1- ™)

{x= 15k = 0,003m"; Lx = 13,65m]

AT = —1296x (1- ¢700%1365) = _52 00 MPa
2.skupina kabelti:
Ni6= 25, (1- e )
x=1/2;f =035k = 0,003m ;0 = @ = 4,02° = 0,070rad
{Lx: a,+a,/2=2869+349=1218m }
A215'= ~1296 x (1_ e—0,35><0,070—0,003><12,18) = -76,74 MPa

1.skupina kabelt:

15! = &, + A& = 1296- 52,00 = 1244,0MPa
2.skupina kabelti:

26! =2 G, + A2G = 1296 - 76,74 = 1219,3MPa

p

Vézeny priamér ztrat tfenim:
. nx' o, +nax’ 0,  2x1244+3x1219,3
O-p = = =
n 5
= 1229,2 MPa

Ztraty pokluzem:
A) ur¢eni mista dosahu pokluzu
- vypocet pro skupinu piimych kabelll

- [in(1- V&xU)| - [mn(1- 0.003x 1.505)]
) k ) 0,003

p o o X B, 001x195x 10° 1505
T o, 1296 oo

pk
Ly<a=273m => ztrata vymizi v rozsahu kabelu

L, = 23.18m
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- vypocet pro praiméerny zaktiveny kabel
a) i=1

o
’

180°
a, = w=4,02°= 0,070rad
L =a =869m

I, =a+oxr=869+ x 21,54 = 10,20m

o = f2(,0)- (re’ )| = 035[2(1020x 0,07) - (2154 007*)]

= 0,463m
v, = K[2(,a))+ a1 ] = 0003[2(0x 8.69) + 8.69°] =
= 0,227m
2y = Om
Yo = Om
U=u Er _ 001><M: 1,505m
G ’ 1296 ’

ok

? : Ztrata vymizi v 1-ni ptfimé:

Zia T Yia Ziat )
<U«<
1+ fo, , + kL, 1+ for, | + kL,
i T Via 0+0
= = Om
I+ fa,_, + kL., 1+0,35x0+ 0,003x 0
Z, Ty 0+ 0,227
o T = 0.221m
1+ fa_, + kL, 1+035x 0+ 0,003x 8,69
Om < U =1,505m ¢ 0,221m
=> Ztrata nevymizi v prvni pfimé
?: Ztrata vymizi v 1-nim oblouku:
Z.. + Y, + oy,
i-1 yl < U < Zl yl
I+ fo,_, + kL, I+ foa, + kL,
.ty 0+ 0,227
el T = 0.221m

1+ fa_, + kL, 1+ 0,35% 0+ 0,003 8,69
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zty 0,463+ 0,227
1+ for. + kL.~ 1+ 0,35x 0,07 + 0,003 x 8,69

= 0,657m

Om < U =1,505m ¢ 0,657m

=> Ztrata nevymizi v prvnim oblouku
b) 1=2

o
’

180°
a, = 20=2x4,02°= 2x 0,07rad = 0,14rad

L, = a\ +a, = 15,66m

Li=a+a,+@xr=869+697+ X 2154=1717m

[2(1_ L) (2_2)] 0352><0,07(10,20+17,17)—
o= fAherho)- e )j=0 ~(2x 21,54% 0,07°)
= 1,267m

v, = K[2(1,a2) + a1 + a3 = 0,003[2(1020% 6.97) + 8,69 + 6,97 =

= 0,80m

z, = 0,463m

v, = 0.227m
E, 195% 10°

U=u, —=001x————=1505m
o, 1296

?: Ztrata vymizi v 2-hé pifimé:

it Y Z,ty
<Uc«<
I+ fo,_, + kL, I+ fa._, + kL,
o+ oy, 0,463+ 0,227
G T Vi = 0.657m
1+ fa_ +kL_,  1+035x 0,07+ 0,003x 8,69
4y, 0,463+ 0,80
G T )i = 1.179m

1+ fa_ + kL, 1+ 035x 0,07+ 0,003 x 15,66

Om<U=1,505m ¢ 1,179m
Ztrata nevymizi v druhé piimé

?:Ztrata vymizi v 2-nim oblouku:

Zaty 0+ 0,227 o1
14 fo_ + kL~ 1+ 035%x 0+ 0,003x 8,69
. 1,267+ 0.80
SR/ - 1.886m

1+ fae + kL.~ 1+ 0,35x 0,14+ 0,003x 15,66

Om <U = 1,505m < 1,886m
Ztrata vymizi v druhém oblouku
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(1-Us) +[ult+ fa + ki) -z - v

l“:U/er\/ p =

2 11,5051+ 0,35x% 0,07 + 0,003 x 8,69)- 0,463- 0,227
1503, \/(10’20_ 1505’ [1505( 008 ) ]

=11L11m

o, = o, = 0,07rad
L,=1,-(1,-L)=1111-(1020- 8,69) = 9.6m

U

B) Urceni velikosti ztraty pokluzem
- vypocet pro skupinu piimych kabelt

- ztrata vymizi uvnitf drahy

— kL[ -2k
[ -

e

0,003x13,65 -2x0,003%x13,65 —-2x0,003%23,18
-1296x e [eX X — e T ]

-69,14 MPa
Pak=>'0, =' T, + A,0 = 1244 - 69,14 = 11749 MPa

- vypocet pro praimérny zaktiveny kabel

- ztrata vymizi uvnitt drahy
~ =~ -2( fa+kL -2 kL,
Azz — —kaefa+kL[€ (fOH ) —e (faU+ U)] —

-2(0,35%0,07+0,003x12,18)

0,35x0,07+0,003x12,18
-1296 X% e
_ e—2(0,35><0,07+0,003><9,6)

-17.81MPa
Pak=> G/ =2 &) + A% = 1219,3- 17,8 = 1201,5MPa

Vézeny primér ztrat pokluzem:
n'c, +n’c, 2x11749+3x 12015

!l _ —
o, = " 5 = 1190,9 MPa
Ztrata postupnym napindnim:
Ky .. vliv vlastni tihy
nM ,, 5x1813,84
= = 2,43

k =
M 6" Ae,,  1190,9 x 481338 650
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3 i1 (n-1Dy kM(kM - 1) v 1%
A o= _0-17 - 2 - =
n(2+ y) n 2+y 2+v
11909y ) 571X 0092 1243x(243-1) [ 0092 0033 ]|
- [ 52r0092) 5 240092 2+0033)[
= -37,31MPa

Ztrata relaxaci:
6',” = O',’,’ +0,6A°c=11909- 0,6% 37,31 = 1168,51 MPa
o, 116851

= 0,847 = p=0,0841

o,, 1380
.0, 12292 ,
R' == =20 =0891= p = 00973
0,2

Doba podrZeni napéti:
t =2 min £, =02
A4O-: _po-pr + gkplo-;y =
=-0,0841x 1168,27 + 0,2 x 0,0973x 1229,2 =
= -74,33MPa
Pocatecni napéti + pocatecni predpinaci sila:
O, = O'[/,/ + Ao+ Ao =11909- 37,31~ 74,33 = 1079,26 MPa
po=A,0,, =481338%1079,26x 107° = 5194,89kN

Po € {min p,; max p,} = {4100,85; 6780,85}
Plati

Nebyly ptekroceny mezni hodnoty predpinaci sily zjisténé pfi ndvrhu
vyztuze => pocatecni piedpinaci sila vyhovuje
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Provozni zmény predpéti

ty ... €as (okamzik) pfedepnuti ... 1/12 roku

t, ... zadtek pusobeni ostatniho stdlého zatiZenti ... 9/12 roku
t, ... €as uvedeni do provozu ... 1,0 roku

t. ... smluvni doba Zivotnosti ... 100 let

Cy .- VIiv prostiedi ... ¢, = 0,8 (volné prostiedi)

¢, = 0,75 (volné prostiedi)

A1y;t,)=5¢,(®,, - 4] = 5% 08(0,761- 0,501) = 1,040
olry3t,) = 5¢,(®, - @) = 5% 0,8(0,795- 0,501) = 1,176
Plry51.) = 5¢,(® . - @ o) = 5% 0.8(1,000- 0,501) = 1,996
ol1,:1,)=5¢,(¢, - @ ,)=5%08(0,795- 0,761) = 0,136
olr,:1.)=5¢,(,. - @)= 5% 08(1,000- 0,761) = 0,956
olr,51.) = 5¢,(® . - @, )= 5% 08(1,000- 0,795) = 0,880

D1yt )= 1- exp(— l"y/x b Ot} )j - 1- exp[— ?’835 x 1,040) - 0,084

v ( 0,092 j
tit )] = 1- - 1,176 = 0,094
. y/x (p( O,IV) exp 1092 x 1, X

D(to;tm)z 1- exp(— LA ¢(t0;too )] =1- exp( 0,09 X 1,996) = 0,155

1+ y 1,092
% 0,092
Dr,st,)=1- exp(— T (p(tg;t‘,)j - 1- exp[— L9 X 01136/ = 0011

v 0,092
D(tg;tm)z 1- exp(— mx (p(t,;tm )) =1- exp[— 1,092 x 0,956| = 0,077

D(tv;tm ) =1- exp(— +Ll// X ¢(tv;tm )] =1- exp(— (1)’835 ><0,880) = 0,071
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Zmény predpéti od g , P_, smr$tovani

80 v v 5 Ce EI7AI7

Al‘gPO: -F+ (1—;)+N30;—8X10’f7 D(to;tg):
| s10489+ 1813,85[1_ 0,033) L0y 2033 5 075195x 10° x 481338x 107 | o
h ’ 0,65 0,092 0,092 08 0,092 U
= -350,3kN

At P, = -392,0kN
Obdobné¢:

At P, = —646,4kN

Vliv pruzné zmény od g, (jen v t,):
M
sl 938,13
(w-v) (0,092 - 0,033)
AeP & 065 77,98kN
e = = = R
& 1+ y 1+ 0,092
Vliv nepruzné zmény od g,:
a W-v (938,13 0,092- 0,033

At,P, = D(1,:1,)= x x 0,011 =

e,  yll+y)| V¢ | 0,65 " 0,092(1+0,092)
= 9,32kN

0 Y-V (938,13 0,092 - 0,033

A1 P, = Dr,51. )= X X 0,077 =

e,  yll+y) | 0,65 0,092(1+0,092)
= 6527kN

Vliv pruzné zmény od v

max, min*®

pop | Moma w-v] [171971 0092-0033)
Srm TV, T ey | T 065 140092 |
M, ..., =0kNm => AeP, . =0kN

v,min

v,min

Predpinaci sila v jednotlivych ¢asech:

t,:

pied t,:
za tg:

P, =5149,89 kN

P/ =P, + At,P, = 5149,89 - 310,1 = 4219,51kN
P,/ =P, + AtP, + AeP, = 4529,61 - 350,3 +77,98 =

=4877,57 kN

P, =P, + At,P, + AeP, + At,P, = 5149,89 - 392,0 + 77,98 +
+9,32 = 4845,19 kN

P/=P, +AcP,,, =4845,19 + 142,9 = 4988,1 kN

P/ =P, +AeP,,, =4845,19 + 0 = 484519 kN

P. =P, + ALP, + AeP, + At.P, = 5149,8 - 646,4 + 65,27 +
+77,98 = 4646,74 kN

P/=P_+AeP,,, =4646,74 + 142,9 = 4789,7 kN

P.” =P, + AeP, = 4646,74 + 0 = 4646,74 kN

v,min

Priklad 1 - v0O. - str. 21/37




FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Porovnani s navrhem:

w= k. _ 47897 =0,930=2 090= @
© P, 514989 T T T Thaved

Navrh se prilis nelisi od skute¢nosti

PIkNI

R = 4529,67kN

, P\j: 4379,28kN
Py= L281.81KN ;\/ /;Pm/: 4197 5kN

PS: L219,5TKN |R,= P/L 4249,67kN P.- P/L 4067,89kN

1 /
_ _ - t{roky]
fo tg_ 0,75 fv- 1,00 =100 roky

Posouzeni podle dovolenych namahani
Budou posouzena normélova napéti, a to v nebezpecném priarezu x = /2, kde
byly zjistény vnitini sily.
Ptedpinaci vyztuz:

P 4529,61

[

o 0 = = -3
P A, 3822,39x10
aor = min {0,850,,; 0,70, } = {0,85x1530 ; 0,7x1800} =
={1300,5; 1260} = 1260 MPa
0, = 1185,02 MPa < 1260,0 MPa = o

= 1185,02 MPa

(0}

p.dov

Napéti v predpinaci vyztuZzi vyhovuje

Beton:
a)cast, (...pozn.indexy 1 - taZend - dolni oblast
2 - taCena - horni oblast)
N, P0(€P+j2) MgO 0
D00 T W TTw T 777X 10°
b 1 1 )

4529,61x 10° x (1077 + 384,2) 2231,10x 10°

_ 5 + = — 14,68 MPa
2,988x% 10 2,988x% 10

Vyhovi k porovnavané hodnot¢ 15,00 MPa
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0,13 MPa .
' N, Po(e,, - Jl) M, 0
Cr20 T AT T T T W, T 7777x10°
b 2 2 B
4529.61x 10° x (1077-597,3)  2231,10x 10° 013MP
4,645x 10° 4645x10° o

14,68 MPa

2,81 MPa

9.50 MPa

2,1 MPa

9.80 MPa

Vyhovi k porovnavané hodnot¢ 0,9 Mpa

Beton v ¢ase t, vyhovi, napéti v hornich i spodnich vldknech je
niz$i nez dovolené napéti.

b) cast,
O_P _Ng_PgP(ep+j2)+Mg_ 0 _
Ple A, W, W, 7,777x10°
4219,51x 10° x (1077 + 384,2)  3327,07 x 10°
_ . + e = —-950MPa
2,988x 10 2,988 x 10
Vyhovi k porovnavané hodnot¢ 15,00 MPa
o" =£+ PgP(eP_jl)_Mg: 0 .
bre A, W, W,  7,777x10°
4219,51x 10° x (1077-597,3)  3327,07x 10°
+ - - — = -2.81MPa
4,645x 10 4,645x 10
Vyhovi k porovnavané hodnoté 0 MPa
o’ _Ng_PgZ(ep+j2)+Mg_ 0 _
bhe A, W, W, 7777x10°
4281,81x 10° x (1077 + 384,2)  3327,07 x 10°
_ . + — = -9.80MPa
2,988 10 2,988 10
Vyhovi k porovnavané hodnoté 15,00 MPa
VA .
o’ _Ng_l_Pg(el’_Jl)_Mg_ 0 n
brs A, W, W, 7777x10°
428181x 10° x (1077 - 597,3)  3327,07x 10° > 74P
4,645% 10° 4,645 10° M

Vyhovi k porovnavané hodnoté¢ 0 Mpa

Beton v Case t, vyhovi, napéti v hornich i spodnich vldknech je
niz$i nez dovolené napéti.
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1,38 MPa

9,65 MPa

2,71 MPa

b) Cast,=>t,

max ®; min©v @©:

N, Pm/(e,,*'jz) max M, 0
= —_ -|- = —
Toa =", W, W 7777% 10°
4197,5x 10° x (1077 + 384,2) 5441,44x 10°
_ y + — = -2.32MPa
2,988 x 10 2,988x 10
Vyhovi k porovnavané hodnot¢ 0 MPa
max ©v @:
N, Poi(ep—jl) max M, 0
Opr = + - = st
27 A W, W, 7,777 x 10
4197,5x 10° x (1077 - 597,3)  5441,44 x 10°
- - — = -7,38MPa
4,645x 10 4,645% 10
Vyhovi k porovnavané hodnoté 13,5 Mpa
max ©v @:
N, PV(ep+j2)+Mg 0
O = — - = —
A, W, W, 7,777x10°
4249,67 x 10° x (1077 + 384,2) , 3327.07x 10° 0 65MP
— =-9, a
2,988 x 10° 2,988x 10°
Vyhovi k porovnavané hodnoté 15 MPa
max @ ; min©v @:
N, B (ep - ]1) M, 0
O,y = + - = 5+
2T A, W, W,  7,777x 10
4249,67x 10° x (1077 -597,3)  3327,07 x 10°
- - —=-2,77MPa
4,645% 10 4,645% 10

Vyhovi k porovnavané hodnoté 0 MPa

Beton v Case t,=>1, vyhovi, napéti v hornich 1 spodnich vldknech
je niz8i nez dovolené napéti.
V prifezu nevzniknou zadné tahy => potvrdil se predpoklad

plného predpéti.
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Stupen bezpecnosti proti dosazeni meze tinosnosti

a) vyslednice vnéjSch sil:

M, = 0.9M, + 1,16, max M, =0,9x3327,07 + 1,1x1,05x2013,69 =
=5320,17 kNm

b) vyslednice vnitinich sil:
Mezni napéti vyztuze:
R, =0,95x0,, = 0,95x1800 = 1710 Mpa

Zakladni napéti vyztuze:

P 41975

o, = — = 1098,13MPa
A, 382239x 10

-ptedpinaci napéti

(max M, - Po:ep)(hpl - Zz) P’
dbp = I - Af =

b P

(544144 x10° - 4197.5x 10° x 1077)(1890- 782.98)  4197,5x 10°
B 3,637x 10" 7.777x10°
= -2.59MPa

tzn. napé€ti betonu v Urovni vyztuze

E, 195
c,.=0, - E—ho;,ﬁ =1098,13 + 26~ 2,59=1112,16 MPa
Pomérné pretvoreni vyztuze:
o, 1112,16x10°
E = =
® E, 195x 10°

R, 1710x10° 8 77% 10
E =—=—"—""F= , X

T E, T 195x10° "
€pz

£,= &, +&,=570x107+877x107 = 1447x 10 m

=570x 107 m

Napéti v betonu:
R, =30,5 Mpa ... pro beton B400

Pomérné pretvoreni betonu:
g,, = -2,5x10”m

Vypocet vysky tlaceného betonu:
Ae, =€, -€,=1447x107-570x 107 = 8,77x 107 m

Ae, =¢€,-¢€,=8T7x107°-570x 107 = 3,07x 107 m
~ &1, 2,5% 107 x 1,89
X = =
” Ae,-€, 877x107°+25x107

= 0,419m
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik
Ae, (h,,1 - xo,,,) 3,07x 107(1,89 - 0,419)
h. . =x + = 0419+ — =
peopt = “op Ae, 8,77x 10
= 0,934m

hyem = hy = 1,77 m

hpem=1,77m>h,, =0934m

pe.opt —

- &N, 25%x107° x 1,77
x _— —

" (A Epe 8bu) ) (3,07 + 2,5)X 10

= 0,794m

0,=konst. =R, ,proj=1,2,., m

N, =R,), A, =1710x 10’ x 3822,39x 10 =
J

= 6536,29kN
Pokladdm N, = N,

N, N, 653629

1150 ) = A, = = = T = 0,214305m”
o R, R, 305x10
RS = A, 0214305
= X = = =Y, nm
s b 1,15

Splnén piedpoklad o tvaru tlaéené plochy.

Plati: x = 186 mm < x,, = 794 mm
x =186 mm < x,,, =419 mm

Rozhoduje poruseni vyztuze (pretrZzeni vyztuze)
(sp =€, &, < €0

Vypocet velikosti h , ktera d¢li prafez po vySce na dvé pasma:

Ae, (h,,1 - X) 3,07 % 107(1,89 - 0,186)
h, =x+———=0,186+ —~ =
r Ae, 8,77x 10
= 0,782m
By = 1,77 m>h, =0,782 m
=> ve veskeré vyztuzi bude napéti 6, =R, = 1710 Mpa

AR, = 21x141,57x10°x1710x10* = 5083,78 kN

N, =
pl
Now = AR, = 6x141,57x10°x1710x10° = 1452,51 kN
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik

, 1150 ,
O
\G—D N o
S
.I.
[
LN|

4715

N, =2 N,=N,+N, =508378+145251=
J

= 6536,29kN
X => Ay A, = bx=115x0,18635= 0,214303m"

N, = -A,, R, = -0,214303x30,5x 10° = -6536,24 kN

N, =6536,24 kN =N, = 6536,39 kN

h, = 186,35/2 = 93,2 mm

Moment na mezi 4nosnosti:
M, = Zij (hy; - 2,) + Ny(h, - z,) = 5083,78x(1,89 - 0,783) +
+ 1452,51(1,77 - 0,783) - 6536,39x(0,0932 - 0,783) =
=11570,17 kNm

Stanoveni stupné bezpecnosti:

M, 1157017

- Du =2172200=s .
ST M T 532017 Sutim

N

=> stupeil bezpecCnosti proti dosazZeni meze Ginosnosti
vyhovuje dle CSN 73 12 51.

Vypocet je okumentovan ve vykresové piiloze.

Hlavni napéti betonu v tahu pii meznim zatizeni

g,= 30,585 kN/m

WMMM&H@M%

x=1,0m
1 L = 29.5m ]
\
1 3x1.2
D 249 4
V = 625 kN
L [ = 295m L

Rez x = 1,0 m => zagatek nabéhu stojiny (misto piechodu stojiny
do horni pfiruby)

Vnitini sily:
T, =gl/2 - gx = 30,585x29,5/2 - 30,585x1,00 = 420,54 kN

gl x  30,585x 29,5 1,00
M, =" x-gu =" x100-30.585x 1,00x ===
= 435,84kNm
273 261 249)
My =V Y Ny = 62,5xo,97x(1+ AT AT 5] =221,54 kNm

27,3 . 26,1 . 249
29,5 295 295

Ty=VY Ny = 62,5xo,97x(1+ j =221,54 kN
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FAST VUT - Ustav betonovych a zdénych konstrukei

Predpjaty nosnik

1} 185 L0
g 7 7
v = 215 kN/m
RVNRRRARAA NN RANAAR
L | = 295”1 L
7 7
x=1m
0,97 Aﬂo
120,03
x=1m
% AﬂM
097 4

0,97 @ 29,5

0,97 1 0,97 _
M, =vA = 21,5[18,5>< 205" 10+ x18,5x (0,97— 205 10)) =

=258,30 kNm

097 1 097 _
T,=vA o= 21,5[18,5>< 205 X 10+ x18.5x (0,97— 205" 10)) =

=258,30 kN

max T, =max {§Ty; 8 T,} =max {232,41 ; 271,22}
max T, =271,22 kN

max M, = max {6, M, ; 6 M, } = max {23241 ;271,22}
max M, = 271,22 kNm

Kombinace zatiZeni:
max Ty, =s, (09T, + 1,Imax T,) =2,0x(0,9x420,54 + 1,1x
x271,22) = 1353,66 kN
odp My, =5, (0,9M, + 1,Imax M,) =2,0x(0,9x435,84 + 1,1x
x271,22) = 1381,20 kNm
odp N, =0kN

Redukce o vliv predpéti:
Vézeny pramér vSech thla ve vzdalenosti Im:
_ 14X 1,254+ 7x 557+ 6X 6,06

ao = = 3,44°
27
T, = max Ty, - P_sin 0o = 1353,66 - 4197,5 sin 3,44° =
= 1101,80 kN
€,m= 7, - Ay = 1217,02 - 673,51 = 543,51 mm

M, = odp My, - P.e, ,cos e = 1381,20 - 4197,5%0,544x
X cos 3,44° = -898,13 kNm
N, = odp N, - P/_cos @ = 0 - 4197,5x cos 3,44" = - 4189,94 kN
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50@2754\
7

767.02 457198
1217.02 * 182.98
1225

L, 350 |, 100

K

N TN

-3,494 MPa
-5,388 MPa

@

-1,282 MPa
3,349 MPa

3,587 MPa

T

2,169 MPa

2,030 MPa

1,192 MPa

0,933 MPa

Predpjaty nosnik
Normélové napéti:
N, N Mz
O =
Xu A Ib
, N, M,z' -4189,94x10° -898,13x 10°x 767,02
Om="72 7 = ks o = -7,282 MPa
A, 7,777x 10 3,637% 10
; N, Mjz" -418994x10° -898,13x 10°x 457,98
GAM =—+4 = 3 - 11 = —3,494MPa
A, 7,777 % 10 3,637x 10
u N, , M,z" - 4189.94x 10’ , 2 89813x 10°x 0 388 MP
o = = =9,
w=a T, 7,777 % 10° 3.637x 10" ¢

Tangencialni napéti:

'S =1150% 275x 64548+ 475x 50x 491,31+

+1275% 200% 129,52 = 1,828 x 10° mm’

T8 = 1150 275x 64548+ 475x 50x 491,31+
+ 200X 50x 532,98 = 2,211x 10%mm’

S = 1150% 275x 64548 + 475% 50x 491,31 +
+ 457,98 x 200 228,99 = 2,368 X 10° mm’

LS,

T, = E

s 1101,80% 10° x 1,828 x 10° 760 MPa
“ 200x% 3,637 x 10" ’

n, _ 110180x 10°x 2211x 10° _ 3349 MPa
! 200x 3,637x 10" ’

o _ 1101,80% 10° x 2,368 x 10° 3587 MPa
‘ 200x 3,637 x 10" ’

Hlavni napéti:
o, = 0,5x (am +4oo, + 41'3)

"5, = 0.5x (— 7.282+[7.282 + 4% 2769 ) = 0,933 MPa

"o, =05x (— 3494+ /34947 + 4% 3349 ) = 2,030MPa

"o = 05X (— 5388+ ,/5.388” + 4x 3,587 ) = 1,792 MPa
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Predpjaty nosnik

g,= 30,585 kN/m

x=5,9m

i T 1=295m L

/‘

x=59m 3x1.2

’ 20 L

V = 625 kN

L l = 295"’] |

1 1
x=5,9m

x=5,9m

e —:

x=5,9m
L

1 1

) 185 51,
T
v = 21.5 kN/m

NANAANAAAANAANANAAAL

[ = 295m L

x=5,9m

Anm

472

08

29,5

A

-0,2

Rez B v 1/5 rozpéti.
x=29,5/5=59m

Vnitini sily:
T, = gl/2 - gx = 30,585x29,5/2 - 30,585x5,9 = 270,68 kN

YL X _30985X 295 < 00 30585 5.90x 220
g_ 2 X g'xz_ 2 ’ > ) 2 -
= 2129.33kNm

04 212 20
205" 295" 295
24 212 20
205295 295

M=V Y = 62,5x4,72x(1+ j = 636,92 kNm

Ty=VY Ny = 62,5x0,8x(1+ j = 157,80 kN

4,72 1 4,72
M, = VAnM = 21,5(18,5>< 205 X 5,1+ EX 18,5% (4,72— K,SX 5,1)) =

=1100,97 kNm

0,8 1 0,8
T, = vAnQ = 21,5(18,5>< 295 x 5,1+ EX 18,5x% (0,8— 205 X 5,1)) =

=186,61 kN

max T, = max {0,Ty; 0,T,} =max {165,70 ; 195,94}
max T, = 195,94 kN

max M, = max {0,M, ; dM,} = max {983,76 ; 1156,02}
max M, = 1156,02 kNm
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Kombinace zatiZeni:
max Ty, =s, (0,9Tg + 1,1max T,) =2,0x(0,9x270,68 + 1,1x
x195,94) = 918,29 kN
odp My, =5, (0,9M, + 1,Imax M,) =2,0x(0,9x2129,33 + 1,1x
x1156,02) = 6376,04 KNm
odp N, =0 kN

Redukce o vliv piedpéti:
VazZeny pramér vSech uhli ve vzdélenosti 5,9m:
_ Tx557+6x6,06

o % = 2,79°

T, = max Ty, - P_sin 0o = 918,29 - 4197,5 sin 2,79 =
=713,97 kN

€,1m= 7, - 859 = 1217,02 - 414,23 = 802,79 mm

M, = odp M, - P.e, ,cos e = 6376,04 - 4197,5%0,803x
x cos 2,79° = 3009,44 kNm
N, = odp N, - P/_cos @ = 0 - 4197,5x cos 2,79° = - 4192,52 kN

Normalové napéti:

N, Mz
o, = +
A1,
o N, M,z -419252x 10’ , 300944 x 10°x 767,02
“T A I, 1777x10° 3,637 x 10" -
= 0,956 MPa

1,282 MPa Linearni interpolaci zjistime kde je o,, = 0 Mpa:
1.0m \ X1 59-1 o0
7082 0956+ 7,282 1 M

Mo
X=5,208|TI 0,956 MPa

£ "
] 5,9m L
7 1
g,= 30,585 kN/m Rez X v o, = 0 Mpa.
x =5,208 m
x=5,208m
] L =295m 4 Vnitin{ sily:
Tg = gl/2 - gx =30,585x29,5/2 - 30,585x5,208 = 291,84 kN
x=5,208m 3x1.2 20 692 gl x 30,585x 29,5 5,208
L ' L M, = x— gx== 2" 270 5008 - 30,585 % =
! V = 625 kN Co2 2 2 2
=0 = 1934,70kNm
| = 295m B

RN
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x=5,208m

x=5,208m

H%z

-0,08

X:5,208ITI 185 5 798

v = 215 kN/m
[NANNANAAAAAANANAAAL

L [ = 295m L
7 7

x=5,208m
AﬂM

W
2275392
4,29 @ 295

082 Ang
%

20,08

Predpjaty nosnik
M, =V Y 0, = 62,5x4,29x(1+ 23092 21892, 20’692j — 865,05kNm
29,5 29,5 29,5
Ty=V Y ng = 62,5x0,82x(1+ 23092 21892, 20’692j — 165,35 kN
29,5 29,5 29,5

4,29
M, = VA, = 21,5[18,5x o

B

X 5792+1>< 18,5x (4 29 4’29>< 5792)) =
s 2 ” i 29,5 s -

=1020,69 kNm

0,82 1 0,82
T,=vA o= 21,5[18,5>< 205 X 5,792 + EX 18,5x (0,82— 295 X 5,792]) =

9

= 195,10 kN

max T, =max {§T; §T,} =max {173,62 ; 204,86}
max T, = 204,86 kN

max M, = max {0,M, ; d M, } = max {908,30; 1071,72}
max M, = 1071,72 kNm

Kombinace zatizeni:
max Ty, =s, (09T, + 1,Imax T,) =2,0x(0,9x291,84 + 1,1x
x204,86) = 976,00 KN
odp My, =5, (0,9M, + 1,Imax M,) =2,0x(0,9x1970,36 + 1,1x
x1087,413) = 5840,24 kNm
odp N, =0kN

Redukce o vliv piedpéti:
Vézeny pramér vSech thla ve vzdalenosti 5,208 m:
_ 7x557+6x6,06

oo = > =2,79°
T, = max T, - P’ sin o = 976,00 - 4197,5 sin 2,79° =
=771,68 kN

€pim= Z; - A5y, = 1217,02 - 442 =775,02 mm
M, = odp M, - P’.e, ,,,cos 0o = 5840,24 - 4197,5x0,769x
X €0s 2,79° =2616,10 kNm
N, = odp N, - P/.cos ao =0 - 4197,5x cos 2,79" = - 4192,52 kN
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Predpjaty nosnik
Normélové napéti:
b
o - N, MJj' _ 419252 10° N 2616,10% 10° x 767,02 )
A 1, 7,777 x 10° 3,637 x 10"

= 0,126 MPa ~ OMPa

N, . M,z"  -419252%x10° 2616,10x 10° x 457,98 8 635 MP
o, =" = - - -3,
w=A T, 7,777 % 10° 3637x 10" .

n

Tangencialni napéti:

LS,
" b,
s 771,68 x 10° x 1,828 x 10° 1939 MPa
‘ 200x 3,637 x 10" ’
' 771,68 % 10° x 2,211x 10° 2346 MPa
‘ 200x 3,637 x 10" ’

Hlavni napéti:

o, = 0,5x% (O'XM +4JO0, + 475)

', = 05X (0+ J4x 1,9392): 1,939 MPa < 2R, = 2x 2,7 = 54MPa

"o, =0,5x% (— 8,685+ \/8,6852 +4x 2,346 ) = 0,593MPa < 54 MPa

Navrh smykové vyztuze(tfminkii)
0,,= 1,939 MPa < 0,75R, = 2,025 Mpa
=> konstruk¢ni vyztuz - ttminky oR8 po 350mm

Stupen bezpecnosti proti vzniku trhlin

V nebezpecném prifezu x =1/2 = 14,75m:
M, = 0,9M, + 1,18,max M, =0,9x3327,07 + 1,1x1,05x2013,69 =
=5320,17 kNm

M,  5320,17x 10°

o = —= = 17,805 MP
BT T 2,988 % 10° .
- P:(e,, + jz) - 4197,5x 10° x (1077 + 384)
o, = W = 2088 % 10° = -20,524 MPa
LSR, -0y, 15%x2,7+20,524
S, = = = 1,38
o, 17,805

S,=1,38>1,00\ S, <0,9s,=0,9x2,0=1,8
Stupent bezpecnosti proti vzniku trhlin vyhovuje (nevzniknou trhliny).
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Predpjaty nosnik

Analyza deformaci

Pruzné pruhyby:

5 glt 5 20,51><103><29,54><1012_1545
V0T 384 E, I T 384 36x 10° x 3,637x 10" o
_ 5 &l' 5 10075x10°x 295" x 10" _
Ye T 384 E, 1 384 36x10°x3637x 100
e a_b(ZI 0y £)+i _ o 2L5xI85
WEeE, | 1 T T 4) T 64| T 6x36% 3,637 107
X 14’752(2><1475>< 29,5-2x 14,75° 18’5j+18’53 =

29,5 ’ ’ ’ 4 64 |
—16,58mm< 491 Tmm= 20~ L
T OSIIS SRS T 000 T 600" T Vv

Prithyb od predpinaci vyztuZe spocitdim po jednotlivych primérnych
drahéch a pak provedu superpozici:

- 160’112(56170’1 + epk’l)
Yo~ 48E,1,
 -2180,92x 29,5°(5x 1,077 + 0,508)

48x 36 x 3,637 x 10°
- B,l%, - 2348,69% 29,5 x 1,077
Y, = ) =

8E,I, 8x 36x 3,637 x 10°

= -21,00mm
Tedy

=-17.8mm

Yp, =Y, t¥p, = —-178-210=-388mm

Trvala deformace:
Yare = P(torty)Y,, = 1,040x15,45 = 16,068 mm
Yaw = Oty = 1,176x15,45 = 18,169 mm
Yage = Q(tt)Yg = 1,996x15,45 = 30,838 mm
Yaw = @(tet,)ye = 0,136x8,72 = 1,186 mm
Vi = Q(tt.)ye = 0,956x8,72 = 8,336 mm
Yo = Q(t,,t.)y, = 0,880x16,58 = 14,59 mm

Predpéti:
At,P, = D(t,,t)P, = 0,085x(-4529,61) = -385,02 kN
At P, =D(t,t,)P, = 0,096x(-4529,61) = -434,84 kN
At P =D(t,t. )P, =0,158x(-4529,61) = -673,02 kN
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Predpjaty nosnik

y[mm/

-23,35mm

t,-1,:P = 3x A1, P =3%x796=59TkN
t, -t P =3xAt_P, = $x5238=39,29kN
t,—t.:P/ = 3x AeP, = 3x 62,30 = 46,73kN

1\ a5 - 388
Yau, = ¢(t0’tg) P, F, = 1,040 4529.61 x 4240,85 = -37,78mm

Vi - 38,8
Vau = Pto51,) 2 By = 1176 X 420348 = -42,34mm

P, 452961

Atoi )22 P = 1096 % o0 400485 = ~6831
= 5 =1, s == ,o0lmm
Yar. = Aloxle)"p o 4529,61

ot 0, )22 By = 0136% 5 x 5972 0
y t, = ; v =Y ? £ Umm
aro = Al )"p "l 452961

) Yo = 38,8
Vo = (o(rg,rw)?() Py = 0.956% 4 x 39.29 = ~0.32mm

b

4529.,61

Var.e= 0,073 x X 46,73 = Omm

Celkova deformace:
to: yo = Ygo + yPO = 15,45 - 38,8 = —23,35 mm

: y(tgP) = Yo+ Yago T Yooy = -23,35 + 16,068 -37,78 = -45,06mm

t P

g

t,” y(t,") = y(t,") + yop = 45,06 + 8,72 = -36,34mm
t.:

Y= Ypo t Yoo t Yo1 t Yaporw) T Yo T Yaetio) T Yapesiio) =
=-38,8 + 15,45 + 8,72 - 68,81 + 30,84 + 8,36 - 0,32 =
=-44,56mm

-45,06mm

/////d -L L 56mm

-36,34mm

///%////"-27,98mm

-19,16mm

= 0.7 t = 100 flroky]
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FAST VUT - Ustav betonovych a zdénych konstrukei
Predpjaty nosnik

Navrh a posouzeni rozméri kotevni desky

Pusobici sila:
Kabely 1-3:P, = 0,A, = 1440x10°x7x141,57x10° = 1427,0 kN
Kabel 4: P, = 0,A, = 1440x10°x6x141,57x10° = 1223,2 kN

Velikost sty¢né plochy (systém SOLO):
A, = 1/47(210% 86” + 160” - 80%) = 43907 mm’

Pisobici napéti:
P 14270
o3

= A_d: 13907 32,50 MPa
Pro 4 kabel:
o, | = 2= 252 g 86 mpa
AL 43907 ’

Roznéseci plochy kotev:
A, = 600x550 = 330000 mm®
A, =700x550 = 385000 mm®

Dovolené namahani:

‘ o-bk ,dov O-bc,dov

A
X 3[—=:2,5
Ad

330
in}2,0x 11x 10° x 3 25X 11x 10° ¢ =
mm{ ’ 439 }

min{43,1MPa;275MPa} = 27,5MPa

= mln{ Ck ‘O-bc,dov

6, | = 32.5MPa > 27,5MPa = o,

Garantuje vyrobce
Rozméry kotevni desky nevyhovuji

Vyztuzeni kotevni oblasti:

a{_ﬁ_@_0603
a, a, 340 7

/ /

a, a, 205
=—=—_—=041
a, a, 500
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Predpjaty nosnik
<2 = 0,071
P,

H,, = 0,071x 1427 = 101,32kN

23,4

= 0,117

k3,4

H_ = 0,117x 1427 = 166,96kN
H, =0,117x1223,2 = 143,11kN

Vyslednice kotevnich sil:
Y P =3x1427 + 1223,2 = 5504,2 kN

vvvvv

_14x0,17+ 7x 111+ 6Xx 15
- 27

Xy = 0,709m

Vzdalenost sil dole od vyslednice:
X4 =0,539m

Vzdalenost sil nahote od vyslednice:
7% 0,401+ 6x 0,791
= 13

= 0,581m

Z geometrie a polohy vyslednice:
ay = 1,418m
az’ =min {X, +X,; X4 + 0,5ay ; X, + 0,52y }=
i =min {0,539 + 0,581 ; 0,539 + 0,5x1,418 ;0,581+0,5x1,418}=
=min {1,12; 1,248 ; 1,29}=1,12m
o ay 1120 H's

T 0795 o
a, 1418 TIP

H's =137,605kN

= 0,025

Vyztuz navrhuji z oceli 10505 (R):
O, 4oy = 280 MPa

s,dov

Y'H, =H, +H, + H, =2x101,32 + 166,96 = 369,6 kN

Celkova plocha tfminku:
_LH,+Hj; 3696+137,605
o - 280x10°

s,dov
Mrizka 4R8 - 10ks
A, =20x10"m?

=18,11x 10*m?
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