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1 MATERIALY

Beton C35/45

acc fox 0,935

fa = 35MPa foa = = —

= 21,000MPa

fetk0,05 = 2,2MPa
fctm = 3,2Mpa

Ecuz = 0,0035

Betonarska vyztuz

f
f,. = 500MPa fya= 2= fil‘; = 434,783MPa
S )

Es = 200MPa

_ fya 434,783 - 10° 000217
yd© E. T 200 -10°

€

2 KRYCI VRSTVA

stuperi vlivu prostiredi XF4, XD1

konstruk¢ni tiida S6 pro navrhovou zZivotnost 100let

Cmin = MAaX {Cmin,b; Cmin,dur + ACdur,y — ACdur,st — ACdur,add; 10mm}
Cmin = Max {32mm; 45mm; 10mm}

Cmin = 45mm

Acdev = 10mm

Cnom = Cmin + ACdev

Cnom = 45 4+ 10 = 55mm

navrzena kryci vrstva ¢ = 55mm



Zelezobetonovy tramovy most v obci Staré Mésto

3 NAVRH ROZMERU

SlRKA MOSTU 9800

Markéta Lugerova

80 | VOLNA SIRKA 7500 | 500
S0y, 550 71250, 3500 | 3500 56, 0 5]
71 7 ‘ 7 7
DCELOVE MOSTNI —— % %’jm OCELOVE MOSTMI
ZABRADLI e =, j: Py ZABRADL
|
1250 1 po %0 g 4000 Loy 1 501,
A = L a 7 v 7 0 A
4 SPOLUPUSOBICI STRKA DESKY
| |
rrfrr TAT AN,
0 —
b =0,85h 0115([, + /s I = 0,7 I b =015 L+ k
L | Ll h
gt re |

beﬂ
ba ff1 b

by

eff2

(777227 7777277777 V7777777

%

b

beff = Zbefri+ bw<b

beri=0,2:bi+0,1-10<0,2 -

befri < bi

lo

b, | [b, | b
b z
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tram 1: bett1 =0,2-1,75+0,1:19=2,25m<0,2-19 = 3,8m

beftt = 2,25m < 1,75m
befr1 = 1,75m

betz =0,2-2,04+0,1:19=2,3m<0,2:-19 =3,8m
befz = 2,3m < 2m
befrz = 2m

berr= 1,754+ 24 0,9 =4,65m < 4,65m
beff= 4‘,65m

tram 2: bett1 =0,2-2,0+0,1-19=23m<0,2-19=3,8m

befr1 = 2,3m < 2,0m
betr1 = 2,0m

besz =0,2-1,75+0,1:19=2,25m<0,2-19 = 3,8m
befz = 2,3m < 1,75m
betrz = 1,75m

befr=1,75+ 2+ 0,9 = 4,65m < 4,65m
beff= 4‘,65m

5 VYPOCTOVY MODEL

zjednoduseny model zaddvany do programu Scia Engineer

400

1600

1 3400 "

120
N
N

1450 L300L, 900 L300l 3400 L300, 900 L300l 1450
200 7 7 A 4900 4 T

L
4 9300 g
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schéma uloZeni

axonometricky pohled

QO PEWNE LOZISKO

€ JEDNOSMERNE POHYBLIVE LOZISKO

4 VICESMERNE POHYBLVE LOZISKO
— — TRAMY

6 PODELNY SMER - OHYB - RUCNi VYPOCET
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6.1 ZATIiZENi STALE

Pro potirebu zjednodusSeného reSeni

ZatiZeni na jeden tram

tram 1
charakteristicka
plocha Ac objemova ttha y | hodnota zatiZeni{
gk
[m?] [kN/m?] [kN/m)]
deska 1,863 25 46,575
tram 1,440 25 36,000
vozovka 0,449 24 10,776
zabradli - - 0,500
rimsa leva 0,321 25 8,025
celkem 101,88
tram 2
charakteristicka
plocha Ac objemova ttha y | hodnota zatiZeni
gk
[m?] [kN/m?] [kN/m)]
deska 1,872 25 46,800
tram 1,440 25 36,000
vozovka 0,372 24 8,928
zabradli - - 0,500
rimsa leva 0,492 25 12,300
celkem 104,53

zatiZeni trdmu 1 (mensi spoluptisobici Sifka)

N
&'\V
Lh
i
1 2 1 2
M= 35 - 8 I = 5 - 101,88 - 197 = 4597,34kNm
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6.2 MODEL ZATIiZENI LM1

charakteristické hodnoty zatiZeni

Markéta Lugerova

dvoundprava TS

rovnomerné zatizeni

UDL
napravové sily Qx gk (qrk)
umisténi [KN] [KN/m?]
pruh ¢. 1 300 9
pruh ¢. 2 200 2,5
zbyvajici plocha 0 2,5
hodnoty regulac¢nich souciniteld a
skupina pozemni o o o o o
komunikace Qb [%et 1 H%al ) Haz | Har
1 1 1 1 12412
rozdéleni vozovky do pruhti = LEGENDA
w=7,5m 8 w §Trka vozovky
= wi §itka zatéZovaciho pruhu
wi=3m .
|2 D zat&Zovaci pruh &.1

n=w/wi=75/3=2

r=15m

6.2.1 DVOUNAPRAVA TS

@ zatézovact pruh &2

Wi

©zbjvajict plocha

roznos soustiednych zatiZeni od tandem systému pod thlem 45° na spodni lic desky

10
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VOLNA SIRKA 7500
500 1 2000 L 500 1 500 1 2000 L 500 1500
Z 7 A 4

150KN lrm\
r—‘—|
S S I —— =
N
SN .
I bst = 6912 )
4 bs? = 9140 A Vv
¢ = 6752 | 4
7
beff = 4550
4650
i 4490
160
ql = 43,403 kN/m
\ q2 = 21,887 kN/m
TN = e
S S e — 1 e

spojita rovhomeérna zatizeni

Qx - aq
qrs = b—s
_300 - L0 s s0kn
drs1 = 6,912 = 45, m
_200 - 10 51 gk
drs2 = 9.140 =], m
Qrs=q- YA

Qrs1 = 43,40 - 4,65 = 201,81kN
Qrs2 = 21,88 - 4,49 = 98,24kN
R=0,6m

11
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a=05-1-05-R=05-19-0,5:-0,6 =9,2m

a-(l—a) 9,2 -(19-9,2)
Nmax = 1 = 19

= 4,745m
300 (900

9200 4200, 8600
A7
19000

4,745
4,164

Mrts = 2Qi - ni
Mrs: = 201,88 - (4,745 + 4,164) = 1798,55kNm
Mrs; = 98,24 - (4,745 + 4,164) = 875,22kNm

kombinace momentu

C
M M C—;
ts1 T Mrsz * 57 be, — ¢
Mg = max c
1sz T Mrsy 7 by —c
1798,55 + 875,22 6,752 ;
’ ’ 26912 —-6,752’
Mg = max 6752

 875.22+179855 - 5———o———u |

Mys = max{2634,17; 1928,64} = 2634,17kNm

6.2.2 ROVNOMERNE ZATIZENI UDL

roznos rovnomérnych spojitych zatiZeni pod thlem 45° na spodni lic desky

12
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VOLNA SIRKA 7500

Markéta Lugerova

3000 L 3000 L 1500
2] El .

ok /m’ P : ]
i BN /m ’—EkN;’fﬂj—‘

e ¢~
s bt T\
- —_— < N
I bs! = 7215 L
1 bs? = 9300 i %
A 7 bs3 = 645 i’
A 7
beff = 4650
4650
4650
288" e 1765
7

B3 = 0,701 kN/m’

q2 = 1,935 kN/n?

gl = 3,742 kN/m?

rovnomérna spojita zatizeni
Oq * 9k b
b
1,0 -9 -3
7,215
24 25 -3
9,3

1,2 -25-3
6,415

q:

Q% = 3,74kN/m?

qz = 1,94kN/m?

qq = 0,70kN/m?

quoL = q -+ ZS

13
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quoLt = 3,74 - 4,650 = 17,39kN/m
quo2 = 1,94 - 4,650 = 9,02kN/m
quor,3 = 0,70 - 1,765 = 1,24kN/m
M = 1 12
UbL = g q
1
MUDLl = g ' 17,39 ' 192 = 784‘,72kNm

|

74,72

1
Mupiz = 5 - 9,02 - 197 = 407,03kNm

i =l

L
2

1
Mups = 5 - 1,24 - 197 = 5595kNm

N

s

55,85

14
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Kombinace momentii (se zanedbanim uc¢inkl od rovnomérného zatiZzeni v pruhu 3)

c

Mypr1 + Muprz - b —o

MUDL = Imax Scl

Myprz + Mypr1 * 55—
S2

7,215

2 72157215’
7215

2 -9,300 — 7,215
Myp. = max{1191,75; 904,33} = 1191, 75kNm

784,72 + 407,03 -

MUDL = max
407,03 + 784,72 -

6.3 ZATIZENi CHODCI

roznos rovnomeérnych spojitych zatizeni pod dhlem 45° na spodni lic desky

VOLNA SiRKA 7500 L 1250
71
FeN
EEEEEER
TS e S T S
ya
- g e
| bs = 4817 I
A 7
beff = 4650
4483 v
A g7
q = 0,78kN
N '
T — - ] e

15
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rovnomérné spojité zatizeni

_geb_ 3-125

— 2
b= 2817 = 0,73kN/m

qecn=q+ZS=0,73-0,167 = 0,12kN/m

Mcu = g cqen- 12 = g .0,12 - 192 = 5,42kNm

™N

5l

6.4 MODEL ZAT{ZENf LM3 - 1800/200

pohyb vozidla v idealni stopé

roznos rovnomeérnych spojitych zatiZeni pod thlem 45° na spodni lic desky

2 VOLNA SIRKA 7500 I
4 [ 1200 14800 | 1200 ] g
150 17 1507171
100KN 100kN
i & 1 | i
e S e m— S
P N
[ / ~
B _ . =
| bs = 9300 |
A A

16
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L beft = 4650

q = 25,88kN

rovnomeérné spojité zatiZzeni

_ QNA'PR ) (.p _ 200 " 1,25
B b 93

= 26,88kN/m
Q=q-ZS=26,88-4,650 = 125kN

Q Q Q Q Q Q Q Q Q

3900 3500

Ra=05-1-Q=0,5-19-125 = 562,5kN
MMz =Ra-05-1-Q-(1,5+3+45+6)=5625-0,5-19-125-15 = 3465,75kNm

6.5 KOMBINACE UCINKUO ZATiZENi

pro mezni stav inosnosti

uvazuji nejméné piiznivou hodnotu ze vztahti 6.10.a a 6.10.b pro soustavy zatiZeni
grlaaLM3

610a Yo G+ Yo Wo - Qu

17
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grla:
6.10.a

6.10.b

LM3:
6.10.a

6.10.b

Mea = 1,35 - 4597,34 + 1,35 - (0,75 - 2634,17 + 0,4 - 1191,75 + 0,4 -
5,42) Mgq=8978,27kNm

Mea = 0,85 - 1,35 - 4597,34 + 1,35 - (2634,17 + 1191,75 + 5,42)
Med =10443,49kNm

Med = 1,35-4597,34 + 1,35 0 - 3468,75
Mgqd = 6206,41KkNm
Me¢=0,85-1,35-4597,34 + 1,35 - 3468,75
Med = 9958,26kNm

MEdmax = 10443,49kNm

18
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7 PODELNY SMER - OHYB - SCIA ENGINEER

hodnoty ohybovych momenti vypoctového modelu vytvoreného v programu Scia
Engineer

zatizeni tramu 1(mensi spolupisobici sirka)

7.1 ZATiZENi STALE

Mgk = 4488,70kNm

7.2 MODEL ZATiZENI LM1

roznos soustiednych zatiZeni do stfednicové roviny desky

19
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1020 280 1020 1020 a0 1020

= .
= e 180 S| g=tas s’ || S| e 2| g=a 2k’
L

1020 980 1020 1020 380 1020

| = :
S 41800 /e S| gm0 = q=sa 120t

|
=Mo20

— T —

e o] BN IO L P
|

7.2.1 DVOUNAPRAVA TS

Mrts = 2866,96kNm

20
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7.2.2 ROVNOMERNE ZATIZENIi UDL

MupL = 1365,38kNm

7.3 ZATIiZENi CHODCI

8050 I 1250
A

3N /i
EXEEEEE

Mcx = 6,87kNm

21
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7.4 MODEL ZAT{ZENf LM3 - 1800/200

pohyb vozidla v idealni stopé

roznos soustrednych zatiZeni do stfednicové roviny desky

L as00
L 3300 L 1200 1300, 1200 L 3300
A 7 A A 7

/‘ 820
[ = 1820
j G 36K J=T1,360
=

q=T1, 36k /" =71, 35k /o

Mims = 2729,02kNm

22
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8 NAVRH PODELNE OHYBOVE VYZTUZE TRAMU A POSOUZENI
NA OHYB

pro kombinaci uc¢inki zatiZzeni ur¢ené ru¢nim vypoctem

Mgq = 10443,49kNm
di=c+0@s«+0@:/2=55+10+ 16 =81mm = 0,081m
d=h-d1=1600-81=1519mm = 1,519m

dg=h-(d1+d2) /2=1600-(81+ 153) /2 =1483mm = 1,483m

MRd = MEq

Mgq 10443,49 - 103
A, =

= = 170,49 - 10™*m?
®7 f,q 00,95 -d 434,783 - 10° - 0,95 - 1,483 "

navrh: 22032
As=176,88 - 104m?

L beff = 4650 %
1 7
) (@p]
3| 2
T I
| |s
[l ]
< = A, = 88,44 * 10-4
s ALY 7 Ay = 88,44 * 10-4
L&)

poloha neutralné osy ze silové rovnovahy sil: 0 = Fs - F.

As - fya 176,88 - 107* - 434,783 - 10°
fq 21 - 106

= 0,3662m?

Ad = befr- hs =4,65-0,4 =1,86m2 > A = 0,3662m2 — A - x v horni prirubé

A 03662
T by 465 oM
A-x 0,0788
x= == =~g g = 0,0984m (< by = 0.4m)

23



Zelezobetonovy tramovy most v obci Staré Mésto Markéta Lugerova

kontrola pretvoreni vyztuze

0,0035
0,0984

€
g = % ‘(h=x—dy) = - (1,6 — 0,0984 — 0,153) = 0,04 > £,q = 0,0025

os = fya

ramena vnitinich sil

acc=05-2-x=0,5-0,0788 = 0,0394m

ze1 = (h-di) -acc=(1,6-0,081) - 0,0394 = 1,4796m
ze2=(h-d2)-acc=(1,6-0,153) -0,0394 = 1,4076m
kontrola inosnosti priifezu - moment na mezi inosnosti

Mra = Ast - fyd - Ze1 + Asz - fyd - Zez = 88,44 - 104 - 434,783 - 106 - (1,4796 + 1,4076)
Mgra = 11101,92kNm > Mgs = 10443,49kNm VYHOVE

kontrola miry vyztuZeni

Asmin = 0,26 * (fetm / fyx) - be-d = 0,26+ (3,2 /500) - 0,9 - 1,483= 22,21 - 10-*m?
Asmin=0,0013 - b-d =0,0013-0,9-1,483 = 17,35 10-4m?2

Asmax = 0,04 - Ac= 0,04 -4,65-0,0984 = 183,02 - 10-*m?

Asmin=22,21-10*m2 < As=176,88 - 10*m?2 < Asmax = 183,02 - 10-*m? VYHOV{
Pwmin = 0,08 - \/fy / fyk = 0,08 - V35 / 500 = 0,0009

pw=As- (bw-d)=176,88-10%-(0,9-1,483) =0,0236

pw = 0,0236 > pu,min = 0,0009 VYHOVI
kontrola vzdalenosti vyztuZze:

Snmin = Max {1,2@; dg + 5mm; 20mm} = max {1,2 - 32; 32 + 5; 20mm} = max {38,4;
37; 20}mm

S n,min — 38,4’mm

S nmin = 37mMm < sy = 40mm VYHOVI
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9 PODELNY SMER - SMYK - RUCNi VYPOCET
9.1 ZATiZENi STALE

gr = 101,88kN/m
Vge=Ra=05-g-1=0,5-101,88 - 19 =967,86kN
8

~

£

v

—LT

g
9.2 MODEL ZATIiZENI{ LM1
9.2.1 DVOUNAPRAVA TS
VOLNA SIRKA 7500
2000 I/ 500 ‘y 500 AV 2000 4V 500 I/ 1500
L;] 480 | 40 : f
150kN fl-.’.\ﬂkN 100kN :
7_;__7__7_T\7_———_7_T\7__7—_|__7__f
¥ bst = 379 y -
I 7 bs? = 3845 4\

x = 0,6m

roznos soustiednych zatiZeni pod thlem 45° na spodni lic desky
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I
150

Markéta Lugerova

L 19000

rovnomeérna spojita zatiZeni

Q- aq
qrs = b,
_ 300 - 1,0 B 79,05kN
rs1= 73795 T m
_ 200 10 o okn
QTS =q- ZS

Qrs1 = 79,05 - 3,795 = 300,00kN
Qrsz = 52,02 - 1,523 = 79,23kN
zjednodusené uvazuji Vrs = Ra
Ra:Mip=Ra-19-Q- (1+ (1- 1,2))
Vris=Ra=(Q-(1+(1-1,2)) /1

26
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Vrs1 = 300,00 - (19 + 17,8) / 19 = 581,81kN

L
o

S8L05

Vrsz = 79,23 - (19 + 17,8) / 19 = 153,46kN

Lox
i

15345

C C
Vrs = max {Vrs1 + Vrsz ; Vrsz + Vst
TS {Vrs1+ Vrs2 oo Vrsz+ Vst o }

Vrs = max {581,05 + 153,46 - ——=> 153,46 + 581,05 -

2-3,795-0,818’
V1s = max{599,59; 222,62}
V1s = 599,59kN

0,818 }
2-3,845-0,818

9.2.2 ROVNOMERNE ZATIiZENI UDL

Xx=9,5m
rozmisténi zatiZeni a spoluptsobici sitky viz 5.2.2.

VuioL=Ra=0,5-q-1

27
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VupL1 =0,5-17,39 - 19 = 165,21kN

16521

-165.21

VupLz = 0,5-9,02 - 19 = 85,69kN

v s

——F 4
4
PR

-35.69

Vup3 =0,5-1,24-19 = 11,78kN

11,78

-11.78
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Kombinace posouvajicich sil (se zanedbanim uc¢inki od rovnomeérného zatizeni v
pruhu 3)

c
Vupr1 + Vuprz - T b —o

VUDL = Imax Scl
Vuprz + Vupua * 55—

s2

7,215

2 -7.215—7.215"
7215

2 +-9,300—-7,215

165,21 + 85,69 -
VUDL = Imax

85,69 + 165,21 -

Vypr = max{250,90; 190,39} = 250,90kNm

9.3 ZATIZENIi CHODCI

Xx=9,5m
rozmisténi zatiZeni a spoluptisobici sirky Sitky viz 5.3.

Veu=05:-qcu+1=0,5-0,12- 19 = 1,14kN

114

-114

9.4 MODEL ZAT{ZENf LM3 - 1800,/200

pohyb vozidla v idealni stopé
X =6m

roznos soustrednych zatiZeni pod ithlem 45° na spodni lic desky
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L VOLNA SlRka 7500 P
L300, 1200
17

Ly
15071 71

l. 100kN

|- bs = 774 |
i 1
L beff = 4550 v
1 4650 1
A 1
q = 76,88kN
N e
e P e —— -_—

spojité rovnomeérné zatizeni

9= 7y, T " 7745

= 32,28kN/m
Q=q-Z3=3228-3,795 = 122,5kN

Q Q Q Q Q Q Q Q Q

>

8 x 1,9m
7000

v 19000

zjednodusSené uvazuji Vimz = Ra
Ra:ZMipb =Ra-1-Q-(7+85+10+ 11,5+ 13+ 145+ 16+ 17,5+ 19)
30
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Q- (7+85+10+11,5+13+145+16+ 17,5+ 19)
1

122,5 -(7+85+10+ 11,5+ 13+ 14,5+ 16 + 17,5 + 19)
19

Vims = Ra =

Vims = Ra =
Vims = 754,34kN

|

L
o

4
A
i
9.5 KOMBINACE UCINKU ZAT{ZEN{
pro mezni stav unosnosti
uvazuji nejméné priznivou hodnotu ze vztahti 6.10.a a 6.10.b pro soustavy zatiZeni
grlaaLM3
6.10.a Yo * G+ Yo * Wo - Qu
6.10.b E " Yg Gk+ Yq Qk
grla:
6.10.a Vea = 1,35+ 967,86 + 1,35 - (0,75 - 598,84 + 0,4 - 250,90 + 0,4 - 1,14)

Veq = 2049,04kN

6.10.b Vea=0,85-1,35-967,86 + 1,35 - (598,84 + 250,90 + 1,14)
VEq =2257,77kN

LM3:

6.10.a Vea=1,35-967,86 + 1,35- 0+ 754,34
Veqa = 1306,61kN

6.10.b Vea=0,85-1,35:967,86 + 1,35 - 754,34
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Vea = 2128,98kN

VEd,max = 2257,771{N

32
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10 PODELNY SMER - SMYK - SCIA ENGINEER

hodnoty posouvajicich sil vypoftového modelu vytvoreného v programu Scia
Engineer

10.1 ZATiZENI STALE

Ve = 931,52kN

10.2 MODEL ZATiZENI LM1

umisténi zatizeni a roznos zatizeni viz. 7.2.
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10.2.1 DVOUNAPRAVA TS

:
<

>

Vs = 678,26kN

10.2.2 ROVNOMERNE ZATIZENI UDL

<
L
v
Sl
f
=
w

k]

VupL = 319,26kN

10.3 ZATiZENi CHODCI

umisténi zatizeni viz. 7.3.
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L

X

Vcu = -8,69kN

10.4 MODEL ZAT{ZEN{ LM3 - 1800/200

umisténi a roznos zatiZeni viz. 7.4.

E

Vims = 553,35kN
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11 NAVRH PODELNE SMYKOVE VYZTUZE A POSOUZENI NA
SMYK

pro kombinaci uc¢inki zatiZzeni ur¢ené ru¢nim vypoctem

Veq = 2257,77kN

navrhova smykova inosnost betonu a podélné vyztuze

VRd,c = [Crac* k+ (100 - pr - fex)1/3 + K1+ Ocp) * bw* d = (Vinin + K1 * 0¢p) - bw - d
Crac=0,18/y=0,18/15=0,12

k1 + 0cp = 0 bez vlivu normalové sily

soucinitel vysky

k=1+ 200—1+ 200—1366
B d 1483

smykova plocha

bw+d =900 1491 = 1341900mm?

stupen vyztuZeni

pr=Aq/ (bw-d)=0,5-0,017688 /(0,9 - 1,483) = 0,0066 < 0,02
minimalni smykové napéti

Vmin = 0,035 - k3/2+ f41/2 = 0,035 - 1,3663/2 - 351/2 = (0,331MPa
Vrde=10,12 - 1,366 - (100 - 0,0066 - 35)1/3 4+ 0] - 1341900 > (0,331 + 0) - 1341900
VRrd,c = 511,85kN > 444,17kN

Veq = 2258,42kN > Vrqc = 511,85kN

NUTNO NAVRHNOUT SMYKOVOU VYZTUZ

a=90°

B =35°

Vrd = min{VRrd,max; Vrd,s}

O(cw'bw'z'vl'fcd

VRd,max =

cotgb + tgb
VRds = % *Z * fywq - cotgb

soucinitel, kterym se zohlednuje stav napéti v tlaCeném pasu
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Acw = 1,0

redukéni soucinitel pevnosti betonu pri poruseni smykem

—v=06 (1 ka)—06 (1 35)—0516
isv="o 250) = 250) =

navrh: Ctyfstrizny timinek @10 4 140mm

Asw=4-0,79-104=3,16 - 10-*m?

fywa = fya = 434,783 MPa

posouzeni smykové vyztuze

3,16 -107*
VRds = o1z (0,95 -1,491) - 434,783 - 10° - cotg30° = 2407,65kN
v _10-1,505-095 - 0516 - 21 - 106 — 6708.57kN
Rd,max = cotg30° + tg30° B ’
Vrd = min{2407,65; 6708,57}kN = 2407,65kN
Vea = 2257,77kN < Vra = 2407,65kN VYHOV]
kontrola miry vyztuzeni
Agw 3,16 - 107
= = = 1

Pw= ST sina . 0,14 - 1,505 -sinooe . 0010

_ 0,08 - fyx 0,08 -+v35 00009
pw,min - fyk - 500 — Y,
pw = 0,0015 > pw,min = 0,0009 VYHOV{

osova vzdalenost trminki

Smax = 0,75-d - (1 + cotgax) = 0,751,483 - (1 + cotg 90°) = 1125,25mm < 400mm
s = 140mm < Smax =400mm VYHOV]
osova vzdalenost vétvi tirminkt

st = 595mm

Stmax = 0,75+-d =10,75- 1,483 =1112,25mm < 600mm
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St = 595mm = Stmax = 600mm

Redukce plochy smykové vyztuZze v poli

X =4m

Vea = 1627,62kN

navrh: ¢tyfstiizny tfrminek @10 4 200mm
posouzeni smykové vyztuze

3,16 -107*
Vras = 530
1,0 - 1,505 - 0,95 - 0,516 - 21 - 10°

Vi = = 6708,57kN
Rd,max cotg30° + tg30°

Vrda = min{1685,36; 6708,57}kN = 1685,36kN

VEq = 1627,62kN < Vrg = 1685,36kN

kontrola miry vyztuzeni

Dw = Asw _ 3,16 -1074 =0,0010

s- by 'sina - 0,20 - 1,505 - sin90°

pw=0,0010 = pw,min = 0,0009
osova vzdalenost timinkt

s = 200mm < Smax =400mm
osova vzdalenost vétvi trminki

St = 595mm = Stmax = 600mm

Markéta Lugerova

VYHOVi

- (0,95 - 1,491) - 434,783 - 10° - cotg30° = 1685,36kN

VYHOVi

VYHOVi

VYHOVi

VYHOVi
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12 PRICNY SMER - OHYB - RUCN{ VYPOCET"

zatiZeni nad levou podporou a uprostred rozpéti

12.1 ZATiZENI STALE

Pro potirebu zjednodusSeného reSeni

t Y 1 8k
[mm] | [kg/m3] [m] [KN/m]
vozovka 0,11 24 1 2,64
deska 0,4 25 1 10,00
+
A Y b
[m?] [kg/m3] [m]
nmsa 6391 25 9,3 0,86
leva
nmsa g 492 25 9,3 1,32
prava
gk b
[KN/m’] [m]
zabradli 1 9,3 0,11
celkem 14,93
g = 14,93kN/m
/ A
2200 v 4300 [ 2200
A 9300 7

36,13

Mgk roprora = -36,13kNm

Mgk poLe = 8,68KNm
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12.2 MODEL ZATiZENI LM1 - PRO MAXIMALNi OHYBOVY MOMENT NAD
PODPOROU

rozmisténi pohyblivého zatiZeni pro maximalni ohybové momenty nad podporou

9300
550 | 2750 I 2750 L 2000 I 1250
7 71 71 7
BkN/m |
oK | 3kN/m
2000 |
100
\/ i/__—____
T XN ———————— b
4 i T ~
s 7 % i .
N oooer oo

12.2.1 DVOUNAPRAVA TS

roznos soustiednych zatizeni pod ithlem 45° stupiid na spodni lic desky

9300
550 1, 2750 L 2750 L 2000 L 1250
7 7 A 7
L o500 ) 2000 LS00 | 2000 5 :
cl 150 150; 100 00
: Wy Vi n g H i
— b~ 7 X~ ]
a0 N Vs 2N N o ~
74 . Ve 7 M, N, s “
T i — ——
350,  bri=138 519 . b2=14l 5552
/' 2877 a L brd= 18N L o805y bré=140 3027
7 7 7 7
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L bs ='4254 %

rovnomeérna spojita zatiZeni

2-2.p
q:
bs'br
_ 20150010
91 = 795413098 OA4KN/m
= 2010 g 63kn
92 = 7754 1421 +903KN/m
20100010
s =44 = oea 127~ So09KN/m
g
N

= U

Mrs,poprora = -81,16kNm

5808

12.2.2 ROVNOMERNE ZATIiZENI UDL

roznos rovnomeérnych spojitych zatizeni pod tthlem 45° stupiiii na spodni lic desky
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9300
590 /II/ 2750 i 2750 I 2000 I 1250

bidl/m IN/m
S 4 N — o
Vi ~ ~
v S ~
5502
br2 = 3796 I 2727

e e poes

\ brd = 2983 1B

7 7

rovnomeérna spojita zatiZeni

quoL =0q-qk* b /by

quoL1 =1,0-9-2,75 /3,733 = 6,63kN/m
quorz =2,4-2,5-2,75 /3,796 = 4,35kN/m
quoz=1,2-2,5-2 /2,983 =2,01kN/m

-1511

S SUL e

Mubipoprora = -15,11KkN

944

12.3 MODEL ZATiZENI LM1 - PRO MAXIMALNi OHYBOVY MOMENT V
POLI

rozmisténi pohyblivého zatiZeni pro maximalni ohybové momenty v poli
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5300
2200 - 00 1 19040 |- 2200
7 | |
B/ BN /m
500y 2000 500 | 500 1
71 El
150kN 150kN 100kN
—
NS
——— o
2N
~ AN

12.3.1 DVOUNAPRAVA TS

roznos soustiednych zatiZeni pod ithlem 45° stupnii na spodni lic desky

9300
2200 | 3000 % 1900 L 2200
A 7 7
[, 500 2000 | 500 | 500 |
A 7 7
: 150kN 150kN 100kN
i \/ W
ﬁ_ A | — P
— — < — I
- B # \\/ _%\ —‘
~ by rd Ahe N N
1977 L, bri =141 o 590 |, b2 = 1438 L 3877
5002 i 4 L b= v 7877
71 71
10 ! Jo
/
[ | [ |
% hs ='4254 %
4l Il
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rovnomeérna spojita zatizeni

Markéta Lugerova

2-%-b
q:
b, - b,
= 2 D0 Y g 63kn
9= 7954 1421 F063KN/m
_ 22150000 _
92 = 73541436 *O1IKN/m
=200 _ 33 00kn
s = 7354 1421 S>0%KN/m
N
xr
e i

12415

Mrs,poLE = 124,15kNm

12.3.2 ROVNOMERNE ZATIiZENI UDL

roznos rovnomeérnych spojitych zatizeni pod dhlem 45° stupiiii na spodni lic desky

2200 L 3000 i 1900 L 2200
71 7 7
kN /m BN /m
) —— e e = G
rd P
p
e
S
16 I bri = 4048 % 577
1 4702 I 7 hr2 = 2919 L 1679
g A
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rovnomeérna spojita zatizeni
quor1 =1,0:-9-3 /4,046 = 6,67kN/m
qQuoz2=2,4-2,5-19/2,919 =3,91kN/m

L

X 7 74N

21,64

MupipoLe = 21,64kN

12.4 ZATiZENIi CHODCI

roznos rovnomeérnych spojitych zatizeni pod tthlem 45° stupiiii na spodni lic desky

9300
8050 | 1250

N/

=
7___7__7__———__i__7_7ﬁc_—:
/
L 7554 v br = 1746 [
! A A
qen=3-1,25 /1,746 = 2,15kN/m

2

F
N
== yaY Jay

Mcn,poppora = OKNm
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Mcy, porE = -2,49kNm

12.5 MODEL ZAT{ZENI LM3

pohyb vozidla v idealni stopé
roznos soustiednych zatiZeni pod thlem 45° stup1i na spodni lic desky

9300
2960 L 1200 La00 1200 L 3540
7] 77

AN M
I 2437 I bri = 3770 I 3093 I
A A | A
bs = 14,404m
rovnomerna spojita zatiZeni
- 9:Q-b
1= bs ' br
=220 WY o 01kn
9= 17204-377 ~ SHOLKN/m
N
L
— A
%

Mym3,poprora = OKNm

Mums poLe = 94,81kNm
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12.6 KOMBINACE UCINKO ZATiZENi

pro mezni stav inosnosti

uvazuji nejméné priznivou hodnotu ze vztahti 6.10.a a 6.10.b pro soustavy zatizeni
grlaaLM3

6.10.a Yo - G+ Yo - Yo - Qu

6.10.b € Ye " G+ vq - Qx

podpora

grla:

6.10.a Mgq¢ = 1,35 - (-36,13) + 1,35- (0,75 - (-81,16) + 0,4 - (-15,11) + 0,4 - 0)
MEgq = -139,11kNm

6.10.b Me¢=0,85-1,35-(-36,13) + 1,35 (-81,16 - 15,11 - 0)
MEgq = -171,42kNm

LM3:

6.10.a Med = 1,35-(-36,13) +1,35-0-0
MEgd = -48,78kNm

6.10.b Mg¢=0,85-1,35-(-36,13) +1,35-0

Mgq = -41,46kNm

MEd,max,popPorA = -171,42KkNm

pole

grla:

6.10.a Mgq = 1,35- 8,68 + 1,35 - (0,75 - 124,15 + 0,4 - 21,64 + 0,4 - (-2,49))
MEgd = 147,76kNm

6.10.b Mgq=0,85-1,35- 8,68 + 1,35 - (124,15+ 21,64 -2,49)
MEgg = 203,42kNm

LM3:

6.10.a Mgqa=1,35-8,68 + 1,35- 094,81
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Mgq = 11,72kNm
6.10.b Mgq=0,85:1,35:8,68 + 1,35- 94,81
Mgq = 137096kNm

MEggmaxpoLE= 203,42KkNm

Markéta Lugerova

48
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13 PRICNY SMER - OHYB - SCIA ENGINEER

zatiZeni nad levou podporou a uprostred rozpéti vx = 9,5m

13.1 ZATiZENI STALE

#

Mgkpoprora = -27,17kN
MgxkpoLe = 7,38KN
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Markéta Lugerova

13.2 MODEL ZATiZENI LM1 - PRO MAXIMALNi OHYBOVY MOMENT NAD

PODPOROU

Ae_

Sk

< s L 3 |
S| 144180 z - o 98,12k /re?
={IRETRE m __-: 96,12k /il

13.2.1

L

Mrs,poppora = -75,51kN

G I

DVOUNAPRAVA TS

— 17— —
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13.2.2 ROVNOMERNE ZATIZENI UDL

=

MubL,poprora = -9,83kN

#

13.3 MODEL ZATiZENI LM1 - PRO MAXIMALNi OHYBOVY MOMENT
V POLI

L 190 L
7 7
kit 6t i
L | 500 I ]
= 71
150k Okl K
— | i
Lo mm om ome e e BN e gy oflhe endSNR sew Moe e o s way owma o

1, 18kA 55 96,12k frf

144 18kN frrf 144, 18kN,/nf 96, 12kN /mf

i ] e e o e
-
S _]‘___Q_I[__
1200
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13.3.1 DVOUNAPRAVA TS

Mrs = 61,17kNm

13.3.2 ROVNOMERNE ZATIZENI UDL

MupL = 24,44kNm

13.4 ZATiZENi CHODCI

umisténi zatizeni viz. 7.3.
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Mcnu,popora = -3,75kNm
Mcu,poLE = -2,94KkNm

13.5 MODEL ZATiZENI LM3

pohyb vozidla v idealni stopé

umisténi zatizeni viz 7.4.

Mim3,popPORA = -15,63KkNm
Mim3,poLE = 87,78KNm
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14 NAVRH PRICNE OHYBOVE VYZTUZE A POSOUZENI NA OHYB

pro kombinaci tc¢inki zatiZen{ uréené ru¢nim vypoctem

14.1 NAD PODPOROU

Mgg =-171,42kNm

¢ =55mm

di=c +@/2=55+8=63mm=0,063m
d=h-d1=400-63=337mm = 0,337m

f

f 2-M
As,req=b'd'c_j'(1_\/1_b.—.Ed
y

Agreq= 10,337

21 - 10° 2 -171,42 - 103
" B3a783 - 106 T jl_ 10,3372 -21 - 106
Agreq = 12,15 - 107*m?
navrh: ?#16 4 140mm

As = 14,36 - 10-4m?
poloha neutralné osy ze silové rovnovahy sil: 0 = Fs - F.

_Ag - fya 14,36 - 107* 434,783 - 10°
b A-fgq 1-08-21 - 106

X =0,0371m

kontrola pretvoreni vyztuze

e 0,005 ~ ~
& = " (d—x) = 0.0371 (0,337 — 0,0371) = 0,0028 > gyq = 0,0022
Os = fyd

rameno vnitinich sil
ze=d-05-1-x=0,337-0,5:0,8-0,0371 =0,3222m
kontrola inosnosti priifezu - moment na mezi inosnosti

MRrd = As - fya+ zc = 14,36 - 104+ 434,783 - 106+ 0,3222 = 201,17kNm

Mra = 201,7kNm > Mgg =171,42KkNm VYHOVi
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kontrola miry vyztuzZeni

f, 3,2
Agmin = 0,26 - ;tkm * by +d=10,26 - % -1 -0,337 = 5,60 - 10~*m?
y

Asmin=10,013 -b¢-d=0,0013-1-0,337 =4,39 - 10-4m?

Asmax = 0,04 - b x=0,04-1-0,0371 = 14,84 - 10*m?

Asmin= 5,60 - 10“m?2 < As = 22,44 - 10“m? < Asmax = 14,84 - 10“m?2  VYHOVI
kontrola vzdalenosti vyztuZe:

Smin = max {1,20; dg + 5mm; 20mm} = max {1,2 - 16; 32 + 5; 20mm} = max {19,2; 37;
20jmm = 37mm

Smin = 37mm < s = 140mm < Smax = 300mm VYHOVI
navrh rozdélovaci vyztuZze:

Ass > 0,13+ As= 0,25 - 14,36 - 10*m2 = 3,59- 10-*m?2

navrh: @10 4 140mm

As = 5,61 - 10m?

Smin = 37mm < sr = 140mm < Smax = 300mm VYHOV]

14.2 VPOLI

MEgq = 203,42kNm

c=55mm
di=c+@/2=554+9=64mm = 0,064m
d=h-d; =400- 64 =336mm = 0,336m

f 2 M
As,req:b'd'c_d'(l_\/l_b—Ed

fyd .dZ . de
. 10336 21 - 106 ) " 2 - 203,42 - 103
sreq — ’ 434,783 - 10° ( 10,3362 -21 -10°

Agreq = 14,53 + 10™*m?

navrh: @18 4 140mm

55



Zelezobetonovy tramovy most v obci Staré Mésto Markéta Lugerova

As=18,18 - 10-4m?
poloha neutralné osy ze silové rovnovahy sil: 0 = Fs - F.

_As - fyg 18,18 - 107* - 434,783 - 10°
T bA-fyq 1-08-21 - 106

X = 0,0470m

kontrola pretvoreni vyztuze

£ 0,0035
& = c;g (d=%) = 55770

- (0,336 — 0,0470) = 0,0215 > £,4 = 0,0022

os = fya

rameno vnitinich sil
ze=d-05-1-x=0,336-0,5-0,8-0,0470=0,3172m
kontrola inosnosti priifezu - moment na mezi inosnosti

Mrd = As * fya » zc = 18,18- 104+ 434,783 - 106+ 0,3172 = 250,73kNm
Mgrd = 250,73kNm > Mgq = 203,42kNm VYHOV]

kontrola miry vyztuzeni

fC'EII‘I

Agmin = 0,26 - £
y

Asmin = 0,013 -bt-d =0,0013-1-0,336 =4,37 - 10-*m?

)

500

by -d=0,26 - -1 +0,336 = 5,06 -+ 107*m?

Asmax=10,04-b;-x=0,04-1-0,0470=18,80 - 10-*m?2
As,min= 5,06 * 10_4m2 < As = 18,18 * 10_4m2 < As,max = 18,80 * 10_4m2 VYHOVi
kontrola vzdalenosti vyztuZe:

Smin = max {1,20; dg + 5mm; 20mm} = max {1,2 - 18; 32 + 5; 20mm} = max {21,6; 37;
20jmm = 37mm

Smin = 37mm < s = 140mm < Smax = 300mm VYHOV{
navrh rozdélovaci vyztuZze:

As>0,13-As=0,13-18,18 - 10*m2 = 2,36 - 10-*m?

navrh: @8 4 140mm

As = 3,59 - 10“m?

Smin = 37mm < sr = 140mMm < Smax = 300mm VYHOVI
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15 PRICNY SMER - SMYK - RUCN{ VYPOCET

zatiZeni nad levou podporou

15.1 ZATiZENI STALE

gk = 14,93kN/m

il T

36,58

36,58

Vek = 36,58kN

15.2 MODEL ZATiZENI LM1

rozmisténi pohyblivého zatiZeni pro maximalni ohybové momenty nad podporou

" 9300 2
1 550 | 2620 2 3000 I 1880 B 1250 1
A /I A /I A il
L 2373 500 | 2000 I
A 7 |

100kN | 150kN 130kN
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15.2.1 DVOUNAPRAVA TS

roznos soustiednych zatiZeni pod ithlem 45° na spodni lic desky

| 9300 |
1550 2620 v 3000 I 1880 L 1250 1
A A 7 71 7 7

L 2373 500 | 2000 750 )

A 7 7

100kN  [150kN 150KN

\ W
= o
R — e
// \\

v 2695 % bri = 1421 . 610 | bri = 1421 B 3154 I/
1. 2200 - Bi3 = 1421 I 1 71 A 5679 |,
| 71 Bl 1

Q0 - 0
i\ W
s N
% 3770 L
/ 7
x=1,726m

rovnomeérna spojita zatiZeni

2-2.p
q =
bs - by
= qp = o220 B0 56 ook
U =02 =377 7557 — 2600KN/m
2100 1,0
= 37,33kN/m

=377 1421
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13237

Z

[

=5 \l\u

=728

Vrs = 132,37kN

15.2.2 ROVNOMERNE ZATIZENI UDL

roznos rovnomeérnych spojitych zatiZeni pod thlem 45° na spodni lic desky

I 9300 %
D 2620 L 3000 L 1880 | 1250 P
A 7 7 7 A 7

kN /m
— —
AN
~,
N
2647 L bl = 4045 L 2609
br? = 3508 L 5633
59 1

20,86

N

i ¥

s
=¥1T1717 1] &

-1253

VupL = 20,86kN
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15.3 ZATiZENi CHODCI

umisténi zatiZeni viz. 7.3.

375

il

=%
7N N N N O O

Vcn = -1,02kN

15.4 MODEL ZATiZENI LM3

pohyb vozidla v idealni stopé
umisténi a roznos zatiZeni viz 12.5.
X = 2,45m

bs = 14,404

72,69

Z

[~

=X \l\u

Vims = 72,69kN

5553

15.5 KOMBINACE UCINKU ZATiZENi

pro mezni stav inosnosti

uvazuji nejméné priznivou hodnotu ze vztahti 6.10.a a 6.10.b pro soustavy zatizeni
grlaaLM3
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6.10.a Yo © Gk + vq * Yo - Qx

6.10.b € Ye " G+ vq - Qx

gria:

6.10.a Vea = 1,35- 36,58+ 1,35 (0,75 - 132,37 + 0,4 - 20,86 + 0,4 - (-1,02))
Veq = 194,12kN

6.10.b Vea=0,85-1,35-36,58 + 1,35- (132,37 + 20,86 - 1,02)
Veq = 247,45kN

LM3:

6.10.a Vgqa=1,35-36,58+ 1,35-0- 72,69
VEd = 49,38kN

6.10.b Vega=0,85-1,35-36,58 + 1,35 - 72,69

Veqa = 140,10kN

VEd,max == 24‘7,45kN
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16 PRICNY SMER - SMYK - SCIA ENGINEER

zatiZeni nad levou podporou a uprostred rozpéti vx = 9,5m

16.1 STALE ZATiZEN{

Ve = 27,36kN

16.2 MODEL ZATiZENI LM1

9300

I %
1, 580 2620 L 3000 | 1880 L 1250 l
A 7 7 A 7 A

‘ B/ kN /m i

i 500 2000 L 750 |

% : 71 .

100N |150KN 150kN :
j — —
X
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16.2.1 DVOUNAPRAVA TS

350

144,18k fref
9, 12kN /m

i

6, 12kN/m
=
5

=
2
=
.

Vs = 208,42kN
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16.3 ROVNOMERNE ZATIZEN{ UDL

p 9300 y
150y 2620 L 3000 L 1850 T
A 7 7 =1 A il

| K/t 3/ '

E

VuoL = 14,42kN

16.4 ZATiZENi CHODCI

umisténi zatiZeni viz 7.3.
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b

Veu = -0,07kN

16.5 MODEL ZATiZENI LM3

umisténi zatizeni viz 7.3.

Vims =76,48kN
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17 NAVRH PRICNE SMYKOVE VYZTUZE A POSOUZENI NA SMYK

pro kombinaci tc¢inki zatiZen{ uréené ru¢nim vypoctem

VEd = 247,45kN

navrhova smykova unosnost betonu a podélné vyztuze

VRrd,c = [Crac* k- (100 - p1-fa)1/3 + K1+ Ocp) * bw+*d = (Vinin + K1+ 0¢p) - bw-d
Crac=0,18/y=0,18/15=0,12

k1 - 0cp = 0 bez vlivu normalové sily

soucinitel vysky

200 =1,778
330

= 1000 - 330 = 330000mm?
= Aq / (bw-d)=0,5-0,002121/ (1-0,330) = 0,0032 < 0,02
Vimin = 0,035 + k3/2 « f41/2 = 0,035 - 1,7783/2 - 351/2 = 0,491MPa
Vrae=[0,12+1,778 - (100 - 0,0032 - 35)1/3 + 0] - 330000 > (0,491 + 0) - 330000
VRde = 152,90kN > 162,03kN
Vid = 247,45kN> Vrac = 152,90kN
NUTNO NAVRHNOUT SMYKOVOU VYZTUZ
a=90°
6 = 35°
Vrd = min{VRrd,max; Vrds}

O(cw'bw'Z'Vl'fcd

\V/ =
Rdmax cotgh + tgb
A
VRas = % *Z  fywq - cotgb
OAcw = 1,0
fex 35
vi=v=06 -(1— 250)=0,6 (1— m)—0,516

navrh: 46 4 = 140mm (7,14 stiihti/1m)
Asw=7,14-0,28- 104 = 2,00 - 10-*m?2
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fywd = fyd = 434,783MPa
posouzeni smykové vyztuze

2,00 - 107

VRas = 014 -(0,9 - 0,33) - 434,783+ 10° - cotg30° = 319,52kN

e _L10-10:09-033-21-10°
Rd,max = cotg30° + tg30° a ’

Vrd = min{319,52; 2700,70}kN = 319,52kN

Vea = 319,52KN < Vra = 297,34kN VYHOVi

kontrola miry vyztuzeni

B Agy _200-107% 00014
Pw = 7 b, -sina 0,14 -1,0 -sin90°
_ 0,08 - \[fg 0,08 +35 00009
pw,min - fyk - 500 - Y,
pw = 0,0014 > pw,min = 0,0009 VYHOVI

osova vzdalenost tfrminku
Smax=0,75-d - (1 + cotga) = 0,75 - 330 - (1 + cotg 90°) = 247,5 mm < 400mm
s = 140mm < 247,5mm VYHOVI]
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18 PODELNY SMYK MEZI DESKOU A TRAMEM

VEd (x=1m) = 2147,12kN

Markéta Lugerova

I beff = 4650 %
4l A1
S
=
1
L ban= 1705 | bz = 1445 |
] A |

Veqg 214712 - 103

AFee = —== 00 1483 1603,45kN

AF4, = AF,. - Detrs _ 1603,45 - 103 - 1705 _ 587,93kN
e 4,65

AF4, = AF - Defiz _ 1603,45 - 10% - 222 _ 498 28KN
bef 4,65

AF4 = max{AFy,; AF4,} = {587,93; 498,28} = 587,93kN

_ AFy 587,93 - 10°
VEOT L TTAx T T 041

= 1,47MPa

tee " 0,7 *form _ 1,0-0,7-3,2
Ye 1,5

= = 1,49MPa

0,4fcta=0,4- 1,49 = 0,60MPa
ved = 1,47MPa > 0,4fca = 0,60MPa

NAVRH VYZTUZE PRO PRENESENI PODELNEHO SMYKU

Agr -+ fiq o VEd hg
Sf - COtgef

Agt VEq hs

=
S¢ cotgbs - fyq

tla¢end priruba

volimB¢ = 26,5°, cotgbs = 2,0
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A VEq * h 1,47 - 0,4
£ > B s = 6,76 - 10™*m?
St cotgbe- fyq  2-434,783
Vgq < V- feq - sinb¢ - cosOy
Vgq = 0,47MPa < 0,516 - 21 - 10° - sin 26,5° - cos 26,5° = 4,33MPa VYHOVI

nad podporou:
horni vyztuz
As,req=12,15-104m?

Asf
0,25 " S_ + As,req;
f
As,horni = max

A
0,5 L st
St
AL s max{o,zs . 6,76-10"* + 12,15 - 10—4;} _ {13,84 : 10—4;}
shorni = 05-676-10"% 3,38 10~*

Asnorni = 13,84 -107* m2
dolni vyztuz
As,req = Om?

A

sf
0,25 " S_ + As,req;
As,dolni = max f A
sf

| 0,5-S—f )

0,25-6,76-107* + O;} _ ax{1'69 : 10_4;}

A >
sdolni = max{ 0.5-6,76- 104 3,38-10~4

As’dolni 2 3,38 " 10_4m2
v poli

horni vyztuz

As,req = Om?

Asf
0,25-—+ As,reqi
Sf

A
05 -
St

As,horni = max
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Ag, horni > max{
) 0,5-6,76-10~*

As,horni = 3,38 . 10_411’12

dolni vyztuz

As,req = 14,53:10*m?

S

At
0,25 . S_ + As,req;
As,dolm’ = max f A
sf

k 0’5 [
S¢
0,25:6,76-107* + 14,53 - 10_4;} _

Ag dolni = max{ 0,5-6,76 - 1074

Asdolni = 16,22 - 10~*m?

navrh: dolni vyztuz nad podporou
v poli
horni vyztuz nad podporou

v poli

Markéta Lugerova

0,25:6,76-107* + 0;} _ ax{1,69 : 10_4;}
3,38-107*

{16,22 . 10_4;}
3,38-107*

?8 4 140mm
As=3,59 - 10-4m?
918 a 140mm
As=18,18 - 10-4m?2
?16 a 140mm

As =14,36 - 10-4m?2
98 4 140mm

As=3,59 - 10-4m?
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19 MEZNI STAV POUZITELNOSTI

19.1 KOMBINACE UCINKU ZATiZENi

pro mezni stav pouZitelnosti

charakteristickd kombinace
Mgk = Gk + Qx + X0 - Qui = 4597,34 + 2634,17 + 1191,75 + 2,26 = 8425,52kNm
Casta kombinace

Mex g1 = Gk + Y1 - Qe = 4597,34 + 0,75 -2634,17 + 0,4 - 1191,75+ 0,4 - 2,26 =
7050,57KkNm

kvazistala kombinace

Mgk gz = Gk + Y2 - Q =4597,34 + 0-2634,17 +0-1191,75+ 0- 2,26 =
4597,34kNm

19.2 OMEZENI NAPETI

cl =Y,
|oc| < 0,6 * fo pro charakteristickou kombinaci
|o¢| < 0,4 * fok pro kvazistalou kombinaci

|os| < 0,8 * fyx pro kvazistalou kombinaci

¢asta kombinace

(Mst + Mlt) ' Ecm
Mg + (1 + @ to) " Mit

Ec,eff,tj;l =

. _ 7050,57 - 103 - 34 - 10°
ceftwl ™ (7050,57 - 103 — 4597,34 - 103) + (1 + 1,6) - 4597,34 - 103

Ec,eff,l]Jl = 16,64GPa

_ Eg 200-10‘-’_1202
% T Eeemrg:  664-10°

Ac= 3,302m? (odecteno z AutoCADu)
Ic = 0,660m? (odecteno z AutoCADu)

ag = 0,525m (odecteno z AutoCADu)
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Ai=Ac+ aer At = 3,302 + 12,02 - 176,88 - 104 = 3,515m?

3 Ac-ag+ae- Ag - d
= A

3,302-0,525+12,02-176,88 - 10 — 4 - 1,483
3,515

agi = X5 = O,583m
Ii = Ic + Ac . (agi - ag)z + O+ Ast ° (d - agi)z

[i= 0,660+ 3,302 - (0,583 -0,525)2+ 12,02 - 176,88 - 10#4- (1,483 - 0,583)2 =
0,843m*
MEk y1 7050,57 - 103

h=x)= ———— (16— = 8,51MP
L ( X;) 0.843 (1,6 — 0,583) = 8,5 a

Oc1 =

fct,eff = fctm = 3,2Mpa
0c1 = 8,51MPa > fceir = 3,2MPa

VZNIK TRHLIN
Mg g1 7050,57 - 103

Oc2 = Ii X = W 0,583 = 4,88MPa

o2 = 4,88MPa < f4 = 35MPa VYHOVi

napéti v betonu - charakteristickd kombinace
MEk ' Ecm
(Mg — Meky2) + (1 + @) - MEKy.2

B 8425,52-103 - 34 - 10°
ceff ™ (842552 - 103 — 4597,34 - 103) + (1 + 1,6) - 4597,34 - 103

Ec,eff =

Ec,eff = 18,15GPa

Es  200-10°
Eceff  18,15-10°

e = = 11,02

2
X.
Scc = Dbefr - f; e * Sce = Qe * As * (d - Xir)

—0e *Ag + /(0 A2+ 2 begr- 0 - Ag - d
beff

~11,02 - 176,88 - 10~
Xir = 465

Xijr =

4 \/ (11,02-176,88-107%)2 4+ 2 -4,65-11,02-176,88 - 10~* - 1,483
4,65
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Xir = 0,313m < hg = 0,4m

1 3 2
i, = §'beff'xir+ o~ Ag - (d_xir)
1
iy = § - 4,65 - 0,3133 + 11,02-176,88-10 —4-(1,483 — 0,313)2
i, = 0,314 m*
MEgk 8425,52 - 103
0. = * Xijp = -0,313 = 8,40MPa

0,314

Iir

0,6 - fx=0,6-35=21MPa

oc = 8,40MPa < 0,6 - fx = 21MPa VYHOV]

napéti v betonu - kvazistala kombinace

Ecm 34
Ecefryz = 7 i e 13,07GPa
_ E, 200 10° — 1c 40
%" Beergz  13,07-10°
Xip = —0e " As + V(tte - A)*+ 2 beg- e - A+ d
. beff
~15,29-176,88 - 10~*
Xir =

4,65

4 \/ (15,29 -176,88-107%)2 4+ 2 - 4,65 - 15,29 - 176,88 - 10~* - 1,483
4,65

Xir = 0,361lm < hg = 0,4m

1 3 2
I = §'beff'xir+ae "Ag - (d_xir)
I, = §-4,65 -0,3613 + 15,29 - 176,88 -10- - (1,483 — 0,361)>2
I;; = 0,413m*
Mg 2 4597,34 - 103
= ¥y = .0,361 = 4,02MP
Oc= T, T 0,413 ?

0,45 - fok = 0,45 - 35 = 15,75MPa
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oc = 4,02MPa < 0,6 - fox = 15,75MPa VYHOV]

napéti ve vyztuzi - charakteristicka kombinace

Mgk 8425,52 - 103
+(d—x;) = 11,02 - - (1,483 — 0,313) = 345,97MPa
iy 0,314

Ost = Qe

0,8 f;x = 0,8 - 500 = 400MPa

ost = 345,97MPa < 0,8 - fyx = 400MPa VYHOV]

napéti ve vyztuZzi - kvazistala kombinace

Mgk w2 4597,34 - 103
Oy = O ————- (d—x;) = 15,29 - - (1,483 — 0,361) = 190,97MPa
[ir 0,413
ost = 190,97MPa < 0,8 - fyx = 400MPa VYHOVI
19.3 OMEZEN{ TRHLIN

Wk < Wikmax = 0,2mm

minimalni stupen vyztuZeni

Act = 0,357m? (odecteno z AutoCADu)

Ai= Ac+ e Ast = 3,302 + 15,29 - 176,88 - 104 = 3,572m?

_Acragt e Ag-d 33020525+ 1529-176,88- 10 — 4 - 1,483
= A - 3,572

x; = 0,598m
hae=h-x=1,6-0,598=1,002m

frror Ko her 29 2-(1,6 — 1,483
= g . cteff, =32.22. = 16,93
Os=0s 59 T thoa 32 041002 mm
os = 160MPa

As,min = kc . k . fct,eff . Act / Os = 0,4 . 0,65 . 3,2 . 106 . 0,357 / 160 . 103
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Asmin= 18,56 -+ 10-*m?

As=176,88 - 10-*m2 > Asmin= 18,56 : 10-*m?2 VYHOVI
efektivni vyska
2,5+ (h—d); 2,5-(1,6 — 1,483
h(—x- ) 1(6—0361 ) 0,293
h¢efr = min 3 ) = min % = min{0,413} = 0,293m
h/2 1,6/2 08

efektivni plocha
Acett = 0,260m?2 (odecteno z AutoCADu)
efektivni stupen vyztuzeni

A, 176,88 - 107*
Pp,eff = =
Aceff 0,260

= 0,068

maximalni vzdalenost trhlin

Srmax = 3,4+ C + 0,425 - k1 - ka - @s / pper= 3,4 - 0,055 + 0,425 - 0,8 - 0,5 - 0,032 / 0,068
=0,219m

rozdil pomérnych deformaci v betonu a ve vyztuzi

1 fetefr
(Esm - Scm) = E_ [Gs — k- pC eff_ 1—oae- pp,eff)
S pb.e
3,2-10°
— =————-1190,97-10° - 0,4 - - .(1- 15,29 - 0,068
(&sm = £em) = 555709 [ 0,068

(€sm — Eem) = 9,58 - 1074
vysledna $ifka trhlin

Wk = Sr,max * (Esm - Ecm) = 219 . 9,58 * 10-4 = 0,26mm

wk = 0,20mm = Wigmax = 0,2mm VYHOVi

19.4 OMEZENi PRETVORENI{
19.4.1 KRATKODOBE ZATIZENI

Es  200- 10°
Eon  34- 109

e = = 5,88
Ai=Ac+ ae- Ast = 3,302 + 6,25- 176,88 - 104 = 3,413m?
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B Ac- ag+0e - Ag - d
= A
3,302 - 0,525 + 5,88 - 176,88 - 10~*- 1,483

Xj = 3’413 = 0,553m

Ii = Ic + Ac * (agi - ag)z + O+ Ast ° (d - agi)z

[i=0,660+ 3,302 - (0,553 -0,525)2+5,88-176,88-10*- (1,483 -0,553)2 =
0,753m*

—0te " Ag + /(Cte - Ag)2+ 2 begrr e Ag - d
besr

_588-176,88 - 10~4
Xir = 4,65

Xjr =

4 \/ (5,88-176,88-10"%)2 4+ 2-4,65-5,88-176,88-10~*- 1,483
4,65

Xir = 0,236m < hg = 0,4m
1 3 2
I = §'beff'xir+ae "Ag - (d_Xir)

li, = =-4,65-0,236% + 5,88-176,88 - 10-4- (1,483 — 0,236)* = 0,413 m*

M, =f b 350100 272 2301,43kn
cr — lcteff h — x; =9 1,6 — 0,553 B ’ "
_1 Mer o, 230143 -10°) _ 093

I 7050,57-10% )~

1  Mggys 7050,57 - 103

— = _BkWl _ =2,754-107*

r E-l,  34-10°-0,753

1 M 7050,57 - 103

_ Eky1 =1,139-1073

iy  E-l, 34-10°-0,182

R
Fst I Iy

1
= 0,893-1,139-1073+ (1 —-0,893) - 2,754-10~* = 1,047 - 1073
st

1 Mg  4597,34-103
— = = = 7,429 -10~*
rek  E-l, 34-109-0,182
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5
vse = (0,098-1,047 - 10 — 3 - 18 7,429 - 10 — 4) - 192

Ve = 9,10mm

19.4.2 DLOUHODOBE ZATIZENI

pooo Bem 34°10° ) 14GP
ceff =T 1+18 oA
E,  200- 10°
e - = 16,47

" Ecerr  12,14- 10°
Ai=Ac+ e As = 3,302 + 16,47 - 176,88 - 104 = 3,593m?

B Ac-ag+ae- Ag - d
A;

3,302 - 0,525 + 16,47 - 176,88 - 10 ~*. 1,483
Xj = 3593 = 0,603m

Ii = Ic + Ac . (agi - ag)z + Qe * Ast * (d - agi)z

I = 0,660 + 3,302 - (0,603 - 0,525)2 + 16,47- 176,88 - 10-4 - (1,483 - 0,603)2 =
0,906m*

—te - Ag + /(0 + A2+ 2 begr 0 - Ag - d
beff

—16,47 - 176,88 - 10~*
4,65

Xir =

Xir =

+\/ (16,47 - 176,88 -107%)2 4+ 2 -4,65-16,47 - 176,88 - 10~* - 1,483
4,65

Xir = 0,349m < hg = 0,4m
1 3 2
i, = §'beff'Xir+O(e “Ag - (d_xir)

li, = =-4,65-0,349% + 16,47 - 176,88 - 104 (1,483 — 0,349)% = 0,441 m*

I ,

M. =T ——=3,2-10 - —————— = 2907,92kN
cr ct,eff h — Xi 1,6 — 0,603 m
4 Mer oy oo, (2907.92:10°\ _ o

i P (MEk,¢1) B ’ 7050,57 - 103/
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1 Mggys _ 7050,57 - 10°

= = =2,289-107*
r, E-L, 34-10°-0,906

1 Mgy; 705057 -10°
rp  E-l,  34-109-0,441
et (1-f)
1813 I Iy

=4,702-10"*

1
= 0,915-4,702-107* 4+ (1 —0,915) - 2,289 -10~* = 4,497 - 10~*
It

1
Vi = 0,098 —- 12
It

Ve = 0,098 - 4,497 - 10~ - 192

vit = 15,91mm

19.4.3 SMRSTOVANI

pooo Bem 347100 oo
el =14 1+20 o0
E,  200- 10°
= = 17,65

Ecor 11,33 - 10°
Ai=Ac+ 0+ Ast = 3,302 + 17,65 - 176,88 - 104 = 3,614m?

Ac- ag+ 0 Age - d
A;

Xj =

3,302 - 0,525 + 17,65 - 176,88 - 10 ~*- 1,483
Xj = 3614 = 0,608m

Ii = Ic + Ac ¢ (agi - ag)z + Qe * Ast . (d - agi)z

[ =0,660 + 3,302 - (0,608 - 0,525)2+ 17,65- 176,88 - 10-*- (1,483 - 0,608)2 =
0,922m*

—te " Ag + /(0 + A2+ 2 begr 0 - Ag - d
beff

—17.65 - 176,88 - 10~
Xir = 465

Xijr =

+\/ (17,65-176,88-107%)2 4+ 2-4,65-17,65-176,88 - 10~* - 1,483
4,65
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Xir = 0,384m < hg = 0,4m

1 3 2
i, = §'beff'xir+ae'As '(d_xir)

er = fetett = =3 1,6 — 0,608 e

MCI‘
§=1-B-(——)2=1-05-

MEk w1

2974,19 - 103
7050,57 - 103

) = 0,911

s1=Ast- (d-x)=176,88-10+*- (1,483 - 0,608) = 0,0155
siu=Ast- (d-xir) =176,88-10-4- (1,483 - 0,384) =0,0194

1 S| ,0155 _
TS 0,00025 - 17,65 - o-m- = 7,418 10 5
1 S11 , 4 4
— = €cs " Qe E =0,00025-17,65- 0,464 =1,845-10
1 =t 1 +(1-%) L
Ies Testi Ies

1
— =10,911-1,845-10"*+(1-0,911) - 7,418 - 107> = 1,747 - 10~*

rCS

1 1

:_._.]2
Vit 8 Teo

1 —4 2
V1t=§'1,747'10 -19

vit = 7,88mm

19.4.4 CELKOVY PRUHYB

V=Vst+ Vit+ Ves =9,10 + 15,91 + 7,88 = 32,89mm
Viim =1/350 = 19000/350 = 54,29mm

v = 32,89mm < viim = 54,29mm

pozn.: Hodnoty soucinitele dotvarovani ¢ byly zvoleny odhadem.

Byly pouzity primérné hodnoty koeficientu k.

Markéta Lugerova

= --4,65-0,384% + 17,65+ 176,88 - 104+ (1,483 — 0,384)% = 0,464m*

VYHOVi
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