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ABSTRAKT

Hlavnym cielom bakaldrskej prace je vypracovanie statického ndvrhu nosnej ocelovej
konStrukcie Sportovej haly.

Podorysné rozmery tejto haly su 45x 35metrov, pricom vyska konstrukcie nad
terénom je 17,7metra.

Hlavna nosna Cast je tvorena prie¢ne oblikovymi vazbami, ktoré su uloZzené pomocou
¢apov na betdnovych blokoch. Tieto obluky su navrhnuté ako priehradové s osovou
vzdialenostou 6metrov.Priestorovou tuhost zaistuju pozdiZne, prie¢ne stuzidla, a
tieZ vaznice. Stitové steny su tvorené priehradovymi stipmi, ktoré su kibovo ulozené. Prvky
su z ocele triedy S235 JR. Stenové a streSné opldstenie je rieSené zo sendvicovych panelov.
Sportova hala je situovana v lokalite Brno.

KLICOVA SLOVA

Sportova hala , ocelova konstrukcia, statické posudenie, priehradovy obluk, €apovy spoj

ABSTRACT

The aim of bachleor thesis is design a static assessment of steel construction of sport hall.

The floor dimensions of the building are 45x35m and the height of the construction
above the ground is 17,7m.

The main load- bearing construction is made of arched truss giders which are laid by
pins on the concrete blocks. The range between these arched truss girders is 6m apart. The
spatial rigidity of the construction is enshured with bracings and also with purlins. The front
walls are formed by lattice columns that are articulated. The main elemenst of the
construction are made of steel class S335 JR. Roof and front walls cladding is made of
sandwich panels. Sport hall is situated in Brno.

KEYWORDS

Sport hall, steel construction, static assessment, arched truss girders, pin joint
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1 UvoD

Pre ocelovl konstrukciu Sportovej haly je vypracovany staticky vypocet. Hala sa nachadza
v lokalite Brno a ma nasledovné rozmery 35,0 x 40,0m pricom vyska konstrukcie nad terénom je
17,73m. Maximalna svetld vyska je 15,335m.

Konstrukcia je tvorena desiatimi oblUukovymi prie¢nymi vdazbami s osovou vzdialenostou 5,0m
pricom vazby tvoriace Stitové steny budd vyhotovené ako plnostenné oblukové vazniky typu IPE.
Medzilahlé vazby tvori oblikovy priehradovy vaznik. Vazniky su ulozené do betdnovych blokov
pomocou cCapu. Priecne vazby su navzajom spojené vaznicami typu HEA. UloZenie vaznic je
uvazované kibovo ( na hornd hranu vaznikov ). Stre$ny plaét bude kladeny na viznice. Stenovy plast
$titovych stien kotveny na pazdiky, ktoré su kibovo pripojené kstipom. Systém prie¢nych
a pozdiZnych stuZidiel zaistuje priestorovid tuhost a stabilitu kongtrukcie. Stipy aj stuZidld su ulozené
klbovo.
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2 GEOMETRIA

-dizka haly L=45m

- Sirka vazniku b =35 m

-vdzbyd=5,0m

- vySka konstrukcie nad terénom H=17,7m

2.1 SCHEMA DISPOZICIA HALY

- rozmery ihrisk :

Tenisovy kurt Basketbal

-dizkal=36,3m -dizkal=36,3m

- Sirkab=18,3m - Sirkab=18,3m

- vySka v strede hracej plochy hs=12,0m - vySka v strede hracej plochy hs =12,0m

- Minimalna odporucana vyska 9m - odporucana vyska svietidiel 15m
Hadzana

-dizkal=36,3m
- Sirkab=18,3m

- vySka v strede hracej plochy hs =12,0m
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2.2 PODORYSNA SCHEMA
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2.4 VYPOCTOVY MODEL
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3 ZATAZENIE

3.1 ZATAZENIE STALE
3.1.1 ZS1VLASTNATIAZ

Vlastna tiaz konstrukcie bola spocitana automaticky programom Dlubal RFEM.

3.1.2 ZS2 STRESNY A STENOVY PLAST

Stresny plast je tvoreny panelmi KINGSPAN TOP-DEK d (130 mm)
m= 12,35 kg/m? .Polomer horného pésu obliku je 19,099 m
panely budu kladené v priecnom smere.

m = 12,35 kg/m? — ZataZenie na viznice : gk= 0,1235 kN/m?

Zatazenie vaznic:

—vaznicala1l8 gk=0,1235. 0,822 = 0,102 kN/mb
—vaznica2al7 gk=0,1235. 2,344 = 0,289 kN/mb
—vaznica3 -7 gk=0,1235. 3,125 = 0,386 kN/mb
—vaznica8a1ll gk=0,1235. 3,075 = 0,380 kN/mb
—vaznica9 — 10 gk =0,1235. 1,613 = 0,199 kN/mb

Stenovy plast KINGSPAN 1150 NF (120mm) budu pouzite na stitové steny.
m = 13,28 kg/m? panely budu kladené zvislo.

m = 13,28 kg/m? — ZataZenie na pazdiky gk = 0,1328 kN/m2
ZataZenie na pazdiky:

—pazdik gk =0,1328. 2,5 = 0,332 kN/mb

3.1.3 ZS3 OSTATNE STALE ZATAZENIE

Tiaz od vzduchotechniky, osvetlenia. Predpoklad hmotnosti 25kg/m2
—vaznik1a1l0 gk=20,25. 25 =0,625kN/mb
—vaznik2az9 gk=0,25.5 =1,25kN/mb

3.2 PREMENNE ZATAZENIE ( KLIMATICKE ) - SNEH

Lokalita : Brno
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Snehova oblast : Il
Charakteristicka hodnota zatazenia snehom sk = 1,0 kN/m2
Sucinitel expozicie : ce=1,0

Tepelny sucinitel : ¢, =1,0

3.2.1 7S4 - SNEH PLNY

Tvarovy sucinitel (pre valcové strechy) : ;= 0,8
Si=n* Ce * Cp5,=0,8.1,0. 1,0, 1,0 = 0,8 kN/m?
ZataZenie na vaznice : s = 0,8 kN/m

Tec¢ny uhol beta B >60° > 1;= 33,83 m

-> véznice 1,2,17,18 nebudu zatazené snehom
—vdznica3alé sk=0,8.1,888=1510kN/mb
—vdaznica4al5 sk=0,8. 2,163 =1,730kN/mb
—vaznica5al4 sk=0,8. 2,496 =1,997 kN/mb
—vaznica6al3 sk=0,8. 2,764 =2,211kN/mb
—vdznica7al2 sk=0,8. 2,961 = 2,369kN/mb
—vdznica8all sk=0,8. 3,032 =2,456kN/mb
—vdznica9al0 sk=0,8. 1,611 =1,289kN/mb

3.2.2 S5-SNEH NAVIATY P (Il A) . i 08
Phipad (i) 0,5y ™
 GLIPLIPLLY
h=13,92m l
60° h
b=35m
W
h_ 1892 0,398 > 2,0 3=20 o .
—_—=— - =
b 350 oo AtTHRES b

Tecny uhol beta B >60° - ;= 33,83 m
Tecény uhol beta B >60° > u3=0
Tec¢ny uhol beta<60° > 0,5u3 =0,5.2=1

M3 = 2,0

S1=p*Cg * CpSp=2,0.1,0.1,0.1,0= 2,0 kN/m2
S»=0,5. 1 * Cg * Cp5=0,5.2,0.1,0. 1,0, 1,0 = 1,0 kN/m2
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ZataZenie na vaznice :
- vaznice 1,2,17,18 nebudu zat'azené snehom
—vaznica3 sk=0,112. 1,888 = 0,211 kN/mb
—vaznica4 sk=0,351. 2,163 = 0,759 kN/mb
—vaznica5 sk=0,672. 2,496 = 1,677 kN/mb
— vaznica 6a sk=0,887. 1,911 = 1,695 kN/mb
—vaznica6 b sk =0,950. 0,854 = 0,811 kN/mb
sk =6a+ 6b=1,695+ 0,811 = 2,506 kN/mb
—vaznica7 sk=0,724. 2,961 = 2,111 kN/mb
—vaznica8 sk=10,370. 3,032 =1,122kN/mb
—vaznica9 sk=0,02. 1,720 = 0,034 kN/mb
—vaznica1l0 sk =0,190. 1,611 = 0,306 kN/mb
—vaznicall sk=0,739. 3,032 = 2,241 kN/mb
—vaznical1l2 sk =1,448. 2,961 = 4,288 kN/mb
— vaznica 13ask = 1,899. 0,854 = 1,622 kN/mb
—vaznica 13bsk =1,774. 1,911 = 3,390 kN/mb
sk=13a+ 13b=1,622 + 3,390 = 5,012 kN/mb
—vaznica 14 sk =1,253. 2,496 = 3,749 kN/mb

—vaznical5 sk=0,702. 2,163 = 1,518 kN/mb " u
H3
—vaznical6 sk=0,223. 1,888 = 0,421 kN/mb \/ 2

3.2.3 ZS6 — SNEH NAVIATY L (11B)

3
T
(7

A 4
—

Zatazenie je symetrické so stavom ZS5

3.2.4 ZS7 — SNEH NAVIATY P (llIA)

h_ 1392 0,398 > 2,0 3=20 :
_——= = e d =
b~ 40 IS = LU=

Si=uxC,*C.sS;,=2,0.1,0.1,0.1,0=2,0 kN/m2

$»=0,5. 1 * Cg * CSk =0,5.2,0.1,0. 1,0, 1,0= 1,0 kN/m2

ZataZenie na vaznice :

—vaznica3 sk =0,944. 1,888 = 1,782 kN/mb
—vaznica4 sk=0,824. 2,163 = 1,783 kN/mb
—vaznica5 sk=0,687. 2,496 = 1,715 kN/mb
—vaznica6 sk=0,531. 2,764 = 1,468 kN/mb



VUT v Brné Staticky vypocet Kamil Trunek

—vaznica7 sk=0,362. 2,961 = 1,072 kN/mb
—vaznica8 sk=0,185. 3,032 = 0,561 kN/mb
—vaznica9 sk =0,048. 1,611 = 0,077 kN/mb
— vaznica 10 sk = 0,095.1,611 = 0,153 kN/mb
—vaznica 11 sk =0,370. 3,032 = 1,122 kN/mb
—vaznica12 sk = 0,724. 2,961 = 2,144 kN/mb
—vaznica 13 sk = 1,062. 2,764 = 2,935 kN/mb
— vaznica 14 sk = 1,373 . 2,496 = 4,070 kN/mb
— vaznica 15 sk = 1,649. 2,163 = 3,567 kN/mb
— vaznica 16 sk = 1,888. 1,888 = 3,565 kN/mb
3.2.5 ZS8- SNEH NAVIATY L (llIB)

Zatazenie je symetrické so stavom ZS7.

3.3 PREMENNE ZATAZENIE (KLIMATICKE)- VIETOR

Lokalita : Brno

Veternd oblast : |l

Kategoria terénu : Il

Parameter drsnosti terénu : zo= 0,05 m
Minimalna vyska : zmn=2,0 m
Zakladna rychlost vetra : v 0 = 25 m/s
Sucinitel smeru vetru cqir= 1,0
Sucinitel roéného obdobi : Cseason = 1,0
Sucinitel ortografie terénu : co(z) = 1,0
Vyska objektu:z=17,73 m (17,160)

Zakladna rychlost vetra 10 m nad terénom : Vp = Cgir. Cseason. Vbo=1,0. 1,0. 25 =25 m/s

Sucinitel drsnosti terénu : c. =K. In (Zi)= 0,19.1n (ﬂ)= 1,121,11
0

0,05
70 \0.07 0,05\007

k-=0,19 (m) = 0,19 (m) = 0,19

Strednad rychlost vetra: vm(z) = c/(z)-c0(z)-vb =1,12:1,0-25 = 28m/s
ov kI 1,0

vm(z) =co(z).ln( )=1,0.1n(17'73) =0,170

Z
z0 0,05

Intenzita turbulencie: I,(z) =

Maximalny dynamicky tlak: qp(z) = [1 + 7.1v(2)] % .p.vm(z)?
alz) = [1 + 7.0,170] % .1,25.282

go(z) = 1073,1 Pa =1,07 kN/m?
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3.3.1 2S9- VIETOR PRIECNY P

Uginky na stresny plast

h=5,14m
d=350m
h—5’14—015 0
d 35 77
f_12,62_0361
d- 35 7

Wi = qp(z) . Cp10,i

Kamil Trunek

Zdroj: norma CSN EN 1991-1-4 ZatiZeni vétrem

Zdroj: norma CSN EN 1991-1-4 Zatizeni vétrem

Oblast A:

Wa= Qp(z) . Cp,10. = 1,07. 0,56 = 0,60 kN/m2

Oblast B

Wh = 0p(2):Cp,206 = 1,07. (-1,05) =-1,12 kN/m2

Zdroj: norma CSN EN 1991-1-4 ZatiZeni vétrem

ZataZenie na vaznice :

— vaznica 1
— vaznica 2
— vdznica 3
— vdznica 4
— vaznica 5
— vaznica 6
— vaznica 7
— vdznica 8
— vaznica 9
— vaznica 10
—vaznica 11
— vdznica 12
— vdznica 13
— vaznica 14

— vaznica 15

sk=-1,12

sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.
sk=-1,12.

. 0,822 = —0,921 kN/mb
2,344 = —2,625 kN/mb
3,125 = —3,5 kN/mb
3,125 = —3,5 kN/mb
3,125 = —3,5 kN/mb
3,125 = —3,5 kN/mb
3,125 = —3,5 kN/mb
3,075 = —3,444 kN/mb
1,613 = —1,806 kN/mb
1,613 = —1,806 kN/mb
3,075 = —3,444 kN/mb
3,125 = —3,5 kN/mb
3,125 = —3,5 kN/mb

sk=0,6. 3,125 = 1,875 kN/mb
sk=0,6. 3,125 = 1,875kN/mb

1Y} i

o N Eaae %

P T
agp—t i ;’T

!—'F-' £
:.ﬁ ‘;..-": 7/1
i A a5}
0.4 -;'F'*-q._____lhl
:11: : f_h;
AT 0, 5)
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—vaznicalé sk=0,6. 3,125 =1,875kN/mb
—vaznical7 sk=0,6. 2,344 = 1,406 kN/mb
—vaznical8 sk=10,6. 0,822 = 0,493 kN/mb

U¢inky na $titové steny

b=450m

d=350m

h=17,73 m

e = min{b; 2h} m = min {45,0; 2.17,73} m = min {45,0; 35,46} — e =35,46 m
e<d ..3546m<350m..Vv

e>d ..35,46m = 35,0m...V -ibaoblasti A,B

Oblast:
A=7,092m
B=27,908 m

Wi = 0p(2) . Cpe,10,i

Oblast A: cpe10,)= -1,2

Wea = 0p(2)Coe,10,m = 1,07. (-1,2) = -1,28 kN/m?

Oblast B: Cpe,10,8) = -1,0056 (interpolacia z tabulky 5.2)
We,8 = 0p(2)-Cpe,10,8)= 1,07 . (-1,0056) = -1,076 kN/m?

—pazdik =-1,28 .25=-32 kN/mb
— pazdik = —1,076. 2,5 = —2,69 kN/mb P I :
e
H |
- - . G
3.3.2 ZS10- VIETOR PRIECNY P vw\ pp— hfeben
/ & nebo UzZlabi
ZataZenie je symetrické so stavom ZS9. H |
3.3.3 7S11 - VIETOR POZDLZNY PREDNY e’“I F
Uginky na stredny plast =gl

e=35,46m

smer vetra 0 =90°

e 35,46

2 = 2 = 8,865 m
e 35,46

E = T = 3,54-6 m
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e 35,46

5= = 17,73 m

We,C = (p(Z)* Cpe,10,iqp(z) = 1,07 kN/m?

- stcinitele cpe,10,iSU Uvedené v nasledujlcej tabulke

L Cpe,10 We [kN/m2]
Vaznica
F G H | F G H |

vaznica 1,18 -1,10 -0,8 -0,50 -1,18 - -0,86 -0,535
vaznica 2,17 -1,10 -0,8 -0,50 -1,18 - -0,86 -0,535
vaznica 3,16 -1,10 -0,83 -0,50 -1,18 - -0,89 -0,535
vaznica 4,15 -1,10 -0,89 -0,50 -1,18 - -0,95 -0,535
vaznica 5,14 -1,10 -0,85 -0,50 -1,18 - -0,91 -0,535
vaznica 6,13 -1,13 -0,77 -0,50 -1,21 - -0,82 -0,535
vaznica 7,12 - -1,32 -0,65 -0,50 -1,42 -0,70 -0,535
vaznica 8,11 - -1,30 -0,66 -0,50 -1,39 -0,71 -0,535
vaznica 9,10 - -1,30 -0,70 -0,50 -1,39 -0,75 -0,535

—vidznicalal8 (f) sk=-1,18 . 0,822 = —0,970 kN/mb

—vaznica 1l al8 (h) sk =—-0,86

— vaznica 1 al8 (i)

— vaznica 2 al7 (f)

sk=-1,18

— véznica 2 al7 (h) sk =-0,86

— vaznica 2 al7 (i)

— vaznica 3 al6 (f)

sk=-1,18

— vaznica 3 al6 (h) sk =—-0,89

— vaznica 3 al6 (i)

— vaznica 4 al5 (f)
— vaznica 4 al5 (h)

— vaznica 4 al5 (i)

— vaznica 5 al4 (f)
— vaznica 5 al4 (h) sk =-0,91

— vaznica 5 al4 (i)

sk = —0,535.
sk=-1,18 .
sk =-0,95 .
sk = —0,535.
sk=-1,18

. 0,822 = —-0,707 kN/mb
sk =-0,535.

0,822 = —0,440 kN/mb

. 2,344 = —4,407 kN/mb
. 2,344 = —2,016 kN/mb
sk =-0,535.

2,344 = —1,254 kN/mb

. 3,125 = —3,688 kN/mb
. 3,125 = —-2,781 kN/mb

3,125 = —1,672kN/mb

3,125 = —3,688 kN/mb
3,125 = —-2,970 kN/mb
3,125 = —1,672kN/mb

. 3,125 = —3,688 kN/mb
. 3,125 = —2,844kN/mb
sk =-0,535.

3,125 = —1,672kN/mb
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—viaznica6al3 (f) sk=-1,21 . 1,990 = —2,408 kN/mb
—viaznica6al3 (g) sk=-1,42 . 1,135 =—-1,612 kN/mb
—viaznica6al3 (h) sk=-0,82 . 3,125 =—-2,563 kN/mb
—vaznica6al3 (i) sk=—-0,535. 3,125 =—1,672KkN/mb

—vidznica7 al2 (g) sk =-1,42 . 3,125 = —4,428 kN/mb
—vidznica7 al2 (h) sk=-0,70 . 3,125 = —2,188kN/mb
—vaznica7 al2 (i) sk=—-0,535. 3,125 = —1,672 kN/mb

—viaznica8all (g) sk =-1,39 . 3,075 = —4,274 kN/mb
—viaznica8all (h) sk=-0,71 . 3,075 = —2,183 kN/mb
—vaznica8all (i) sk=-0,535. 3,075 = —1,645 kN/mb

—vaznica9 al0 (g) sk =-1,39 . 1,613 = —2,242 kN/mb
—vaznica9 al0 (h) sk=-0,75 . 1,613 = —1,210 kN/mb
—vaznica9 al0 (i) sk=-0,535. 1,613 = —0,863 kN/mb

e Ucinky trenia na stresny plast
Oo(Ze) = 1,07 kN/m2

ce= 0,01 (pre hladky povrch)

do= min {2b; 4h} m = min {2:35,0; 4-:17,73} m = min {70; 70,92}m — dp =70 m

dixr=d-d0=45-70=-25m — nevznikaju trecie sily od vetra

e U¢inky na $titové steny

h 17,73
E = ? = 0,5061’11 — Cpe,10

Wi = 0p(2) Cpe 10,

Oblast D: Cpe,10,0) = 0,734

We,p = 0p(2)Cpe,10,0) = 1,07. 0,734 = 0,785 kN/m?
Oblast E: Cpe 10, = -0,368

We e = 0p(2)-Cpe,10,6) = 1,07 . (-0,368) = - 0,394 kN/m?

—pazdik = 0785.25 = 1,963 kN/mb
—pazdik =—0,394. 2,5 = —0,985kN/mb

Kamil Trunek
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3.3.4 2S12-VIETOR POZDLZNY ZADNY

Zatazenie je symetrické so stavom ZS10.

3.3.5 2513 - UZITNE ZATAZENIE — STRECHA

Predpoklad, Ze zataZenie gk p6sobi na ploche A =10 m?2
ZataZenie na vdznicu: gk = 0,75 kN/m?

qk = 0,75 x z& (3,125)= 2,344 kN/ m?

3.4 KOMBINACIE ZATAZENIA

3.4.1 KOMBINACIE PRE MEDZNY STAV UNOSNOSTI

Kombindcie boli spoc&itané programom Dlubal RFEM podla rovnice 6.10 CSN EN 1990:

E ij . ij g yp. Py erl. ril,, 4 g yQ'i. Lpo.,i . Qk,i

j=1 i>1
3.4.2 KOMBINACIE PRE MEDZNY STAV POUZITELNOSTI

Kombinacie boli spocitané programom Dlubal RFEM podla rovnice 6.14b, CSN EN 1990:

g ij vy P, vy Qkyl,, 4+ g qJO_,i . Qk,i

j=1 i>1
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4 POSUDENIE NA MSU

4.1 VAZNICA

Prierez: HEA 160
Prierezové charakteristiky:
A=3,880.10"3 m?
ly=1,673.10"> m*
,=6,16.107% m*

Wiy =2,46.107% m3
Wi, =1,176.107* m?3

lw=3,14.1078 m®
lt=1,23.1077 m* .
Materialové charakteristiky:

S235 (f, = 235 MPa, f, = 360 MPa)

E =210 GPa

G =81GPa

Trieda prierezu:

235 _ (235 _
T T s

160 6
Cy =T_§_ 15 =62mm
Pasnica:
c, 62
7=?=6,889 <9¢=9.1,0 =9 1.tfida
Stojina:
h

_ 134 22,333 <72e=72.1=721.trida

w e

4.1.1 POSUDENIE NA OHYB OKOLO OSI Z BEZ KLOPENIA
Prut 1555 — Kz45

Mgzeqa= 11,581 kNm

M
zEd <10
Mc,Rd

Wpiz- f;  1,176.107%. 235.10°
YMo 1,0

Mcrd = Mpirdz = = 27,636 kN

Myea _ 11581 _
Mpiraz 27,363

0,42 <1,0


file:///J5.0
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4.1.2 POSUDENIE NA OHYB OKOLO OSI Y BEZ KLOPENIA

Prut 1188 — KZ49
My,ca = 33,739 kNm

M
YEd 10

Mc,Rd

Wply - fy  2,46.107*. 235.103
YMo 1,0

Mc,Rd = Mpl,Rd,y = =57,81 kN

Myea _ 33,739
Mpiray 57,81

=0,58<1,0

0,58<1,0... vyhovuje

4.1.3 POSUDENIE NA SMYK:

Navrhova hodnota Smykovej sily:

Prat €. 1700 KZ50

Vy ga = 10,704kN

Ay, =A—2bty + (b, +2r)t; =3880 — 2+ 160 * 9+ (6 +2 *15) *9 =
A, = 1324 mm?

Ay(fy /V3) 1324 (235 /+/3)
PLRd = = = 179,636kN
Ymo 10
Vyga _ 10,704

Vypira 179,636

Yy

=0,06<1,0

0,06 < 1,0... vyhovuje
4.1.4 POSUDENIE NA KOMBINACIU TLAKU A OHYBU
Prut &. 1730 — KZ 49

Ngg = —12,466 kN
Myga= 33,716 kNm

Mypq = —5313kNm
Vzper okolo osy Y
Lepy =2,5m
h_152 0,95 <2 krivka b 0,34 tab1.3
—_—= > = = .
5= 160 k rivka a R a
L 2500
A= —2 =2 —3805

y .
iy 65,7


http://Vy.pi.Rd
http://Vy.pl.Rd
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Ned _ 1 ¢
Nora ~
Xy-A.f, 0924.3,88.107%. 235.103
NpRrd = = = 842,5kN
' YMm1 1,0
1 1

= 0,924

Xy = =
T 2 0,617 + 4/0,6172 — 0,4052
¢y + \f‘l’yz — Ay v

¢y =05. [1+ay(1,—02)+ 4,°] = 05. [1+0,34.(0,405 - 0,2) +0,4052] = 0,617
L _ |Afy_ [388.107%235.103
Y | Ny 5547,98 o ’

Nemozem zanedbat Ucinky vzperu

n? E.l, m?% 210 .10°. 1,673.107°

N = = = 5547,98kN
Y Ler, y? 2,5%
Npg 12,466
= =002 <1,0
Nora 8425

0,02<1,0... vyhovuje (program RFEM 0,04<1,0)

Vzper okolo osy Z
h_ 152 0,95 < 1,2 = krivk 0,49 tab 1.3
_= — = = = = .
b= 160 E , rivka c a R a

Xz-A.f, 0374 .388.1073. 235.103
Nprd = = = 341,01 kN

YMm1 1,0
1 1

=0,374

X = =
: b, + /¢ 2_ 72 1671+ J1,6712 — 1,3362
Z Z Z

¢,

_ A.f, [3,88.1073.235.103
= - =1,336 > 0,2

0,5. [1 +ayr(Agy — 0,2) + ,TZZ] =0,5. [1+ 0,49(1,336 — 0,2) + 1,336%] = 1,671

o
N

N, 510,69

NemozZzem zanedbat ucinky vzperu

n? E.l, m? 210.10°.6,16.10°¢

Nerz = Ler,z2 52 = 510,69 kN
Ngg 12,466 004 <10
Npra 341,01 7 =7

0,04<1,0 ... vyhovuje

Parameter kratenia

ky, = 1,0;L = 5,0m


file:///A.fy
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n |E1, @ 210.10°.3,14.10-8
Kyt = = — =0,511
ky.L |G.I;,  1,0%5. 81.10°.1,23.10~7

Z]=0

(.=ﬁ Ezo
kL |G,
Zg=0,076m

m.z, |EI, m.0,076 [210.10°.6,16.1076
. = 2z — = 0,544
9" k,.L |GI, 1.5 81.10°.1,23.10~7

Bezrozmerny kriticky moment

¢, =1,13
C, = 0,46
C; = 0,53

C
Her = k_1 [\/1 + ke + (C20g = C38)* — (G285 — G30p)

1,13
Uer = ﬁ[\h +0,511% + (0,46. 0,544 — 0,53. 0)% — (0,46. 0,544 — 0,53 .0)]
fer = 1,017

Pruzny kriticky moment pri klopeni
mE.1,.G. I, 1017 n\/210.109. 6,16.1076. 81.10°.1,23.1077
-_— = *
L ’ 5
M. = 72,543 kNm

My = pter

Pomerna stihlost

) W, .. 2.46.10~*.235.103
A = \/ ’;I'y fy _ j — 0,893
cr

72,543

h 152
5= 160" 0,95 < 2 = krivka klpopenia a = a;; = 0,21 tab 1.8

¢ur = 0,5(1 + ayr(Ar — 0,2) + AZ7) = 0,5.(1 +0,21.(0,893 — 0,2) + 0,8932) = 0,971
1 1

XLt = = \/ = == 0,968
) 0,971 +./0,971< - 0,893
bir + ,/‘Pfr — Ay
Navrhové hodnoty Unosnosti:
w, 0,739.2,46.107*.235.10°
My pq = 2EL—PLY by _ = 42,722kNm

Ymo 1,0
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MyEga _ 33,716

= =078<1
Mp rd 42,722

Navrhové hodnoty Unosnosti:

A.f, 388.107° 235.10°

Np,y = =911,8kN
* o 1,0
Woiy . 2,46.107*.235.10°
My pg = —22 Iy _ = 57,81 kNm
Ymo 1,0
Wy, . 1,176. 107*, 235.10°
Mypipa = —2Z Iy _ = 27,64 kNm
YMo 1,0
[T oo 0100 0200 0300 0400 0500 0800 07100 0800 0800 1000 1.0 1200 1300 1400 1800 1600 1700 1800 1800 2000 2400 2200 2300 240  2pOm
¢Lk!‘l:5 1 L 1 L 1 L 1 L 1 L 1 L L L L L L L L L L L \‘Pl;w‘\ L L L L L L L L L L L L L L L L L L L L L L L!IIIH i
Vnitini sily - N [kN]

Vnitini sily - My [kNm]

OkMm

Vnitini sily - Mz [kNm]

OkMNm

Mpy = 33,716 KNm

YM,, = 0kNm
p = 0 _ 0
© 33,716
Mgy = 24,923 kNm

_ My 24923
=M, " 33716

0<a;, <1

0<0739<1..V
osv¥Y <1

0<0<1..V

Cmy= 02+08.a;=02+08.0,739 =0,791 >204... vV
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Cmy = CmLT — 0,791

kyy =

kyy = 0,791.{ 1+ (0,405 —

Cmy-| 1+ (4, — 0,2).

Staticky vypocet

NEq
— | £ c .
Xy' NRk my
YMm1
12,466

0.2). 0,924. 911,8

1,0

kyy = 0,793 <0,8...k,, = 0,793

Sucinitel C,,, ekvivalentného konstantného momentu

Mh,z =
¥YMp, = 0kNm

y = 0 =0
5313

M, = —6,886 KNm

My, 5313 0772
My  —6,886

OSah <1
0<0772<1..V
-1<¥Y <1

—5,313 kNm

ah

-1<0<1...V

Cmz = 0,95+ 0,05.a, =095+ 0,05.0,772 =0,989 >0,4... v

K, =

Cmz -

K,z = 0,989.

1+ (2.2,— 06).

1+ (2.1,136 —

NEgg .
Xz - NRk - mze
YMm1
12,466

0,6) . 0,374. 911,8

1,0

Ky, = 1,049 < 1,039...k,, = 1,039
ky, = 0,6. k,; = 0,6.1,039 = 0,623

N
1+08. —24
Xy - NRk
YM1
<0791 .{1+4+0,8.

NEgq
1+1,4.
Xz- NRk
YMm1
<0989 .|1+1,4.

Kamil Trunek

12,466

0,924. 911,8

1,0

12,466

0,374. 911,8
1,0
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T 0,1.1, NEq 0,1. NEq
i Cmrr — 0,25 " Xz Nrk Cmrr — 0,25 " Xz- Nrk
YMm1 YMm1
o = 0,1.1,336 12,466 1 0,1 12,466
zy = ©0,791-0,25" 0,374.911,8 ©0,791-025" 0,374.911,8
1,0 1,0
kgy = 0,991 > 0,993 ...k, = 0,993
NEg My Eq M, Eq <10
Xy - Nrk Wixer. Myre Y%7 Xor. Mari T 7
YMm1 YMm1 YMm1
12,466 0793 33,716 0623 5,313 <10
0,024. 9118 + /73 Goes. 5781 © V043 Go6s. 2764 = U
1,0 1,0 1,0
064<10 (program0,64<1,0)
NEg My Edq M, Eq
—_—t Kk, —— L r— <10
Xz - Nrk Boxer. Myre %7 Xur. MRk
Ym1 Ym1 YM1
12,466 0.993 33,716 1039 , <10
0374. 9118 + 773 Goes 5781 VY57 G968 2762 =V
1,0 1,0 1,0
084 <10 (program0,88<1,0)

4.2 PRIEHRADOVY VAZNIK

4.2.1 HORNY PAS

Prierezové charakteristiky:
b =140 mm

t=5mm

A = 2640 mm?

ly = 7910000 mm*

iy =54,8 mm

Wplly = 132000 mm3

1400
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Materialové charakteristiky:
5235 (f, = 235MPa, f, = 360 MPa)
E =210 GPa

Trieda prierezu:

,235 ,235
e= |=—= [=—=1,0
fy 235

Pre trubkové profily Stvorcového tvaru plati
¢ 140-10

7 c =26<33.£=33.1=33 - 1.tfida

4.2.2 POSUDENIE NA TAH

Prat & 1116 kz 61
Ngg = 178,759kN

N
B < 1,0
Nird
N A.f, 2640.107°. 235.10° 6204 KN
T Y 1,0 '
N
B < 1,0
Nird
178,759
6204 ~ 7

0,29<1,0... vyhovuje program 0,29
4.2.3 POSUDENIE NA VZPER

Prut ¢ 1140 kz 89
Ngg = —261,917 kN
Lery = Lerz = 3,022 m (zaistené vdznicami)

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Vybocéenie kolmo k osy v:

Lery 3022
A, =——= = 55,14
Yooy 54,8
Nea _
Nbra ~
Xy- A.fy, 079.2640.107¢. 235.10°
NbRra = = = 490,116 kN

YMm1 1,0
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1 1
Xy =Xz = = =0,79

/ =2 077+ /0,772 — 0,592
¢’y + ¢y2 - Ay

¢y =05. [1+air(Zy—02)+ L,"| = 0,5. [1+049.(059 - 0,2) +0592] = 0,77

P Afy 2640.10-6.235.103_059 - 02
yo T N, 1795,174 o '

Nemézem zanedbat Ucinky vzperu

n? E.l, m% 210 .10°. 7910000.10 12

N, = = = 1795,174kN
T Ler,y? 3,0222

Ngg 261917 053 <10

Npra 490,16 77 =7

0,53<1,0... vyhovuje (program RFEM 0,27<1,0)

4.2.4 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prit & 1140 kz 89
Ngg = —261,917kN
Myga= 8536kNm
Mzga = 0,021kNm

N M, gq + AM M, pq + AM
Ed + oy - y,Ed y,Ed + kyz . z,Ed z,Ed <10
Xy - Nrk XLt. My Rk Xt. Mz Rk
YM1 YM1 YMm1
N Mygq +AM M, gq + AM
Ed + kzy- y,Ed y.Ed + kzz . z,Ed z,Ed <1,0
Xz -NRrk Xvr. My Rrk Xur. Mz Rk
YM1 YM1 YM1
Navrhové hodnoty Unosnosti:
A.f, 2640.107°. 235.10°
NRd = = = 620,4‘ kN
YMmo 1,0
W, .. 132000.107°.235.10°
My pg = —2 Iy _ =31,02 kNm
YMo 1,0
W, . 132000. 107°. 235.10°
Mypg = —22Z Iy _ = 31,02 kNm

YMo 1,0


file:///A.fy
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Mpy = 8,536 kNm
WMy, = 8,065 kNm

_ M, _ 6869
=M, 8536

osv¥Y <1
0<095 <1..V

Cmy = 01-08.2,=01-08.08 =054 204... v

- NEg NEg
kyy_cmy- 1+(Ay—0,2).m SCmy. 1+0‘8Xy—NRk
YMm1 YMm1
261,917 261,917

kyy =054.[1+ (0,59—- 0,2). m <054.11+0,8. 0,79. 620,48

10 1,0
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kyy = 0,65 <0,77 ...k, = 0,65
kyy = 0,6. ky, =0,6.0,65 =039
Mp, = — 0,058 kNm

WM, = — 0,021 kKNm

M, = —0,046 KNm

(l\_ ,\"l‘/ M h
_zooz ‘
~ —0,058
_ My -0
=M, 0058
0<as, <1
0<079 <1..V
1<y <1
1<036<1..V
Crp = 02+0,8.a,=0,2+0,8.079 =0,83>04... v
- Ngq NEggq
kZZ_CmZ' 1+(AZ—0,2).m < Cygz - 1+0,8.m
YM1 YM1
o o 261917 \ _ 261,917
2z = 083.{ 1+ (059-02). gmg—m57g | < 083 .( 1+08. G5=5—7577
10 10

k., = 1,003 < 1,18...k,, = 1,003
ky; = 0,6. ky; = 0,6.1,003 = 0,602

Xrr = 1,0 (priuzavretych prierezoch ku klopeniu nedochadza)

261,917 0gs BS36F0 002140
0,79. 6204 T 20 To 3102 T 939 103102 =1
~—10 10 10
0,71<1,0... vyhovuje

261,917 ooz, B836H0 002140
0,79. 6204 T YOV 753107 T 0002 75370z ST

1,0 1,0 1,0
0,81<1,0... vyhovuje
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4.2.5 DOLNY PAS

Prierezové charakteristiky:
b =140 mm
t=5mm

A = 2640 mm?

1400

ly = 7910000 mm*
iy =54,8 mm

Wplly = 132000 rﬂm3

Materialové charakteristiky: v
S235 (f, = 235MPa, f, = 360 MPa)
E=210GPa

Trieda prierezu:

’235 ,235
e= |[=—= [=—=1,0
fy 235

Pre trubkové profily Stvorcového tvaru plati
c 140-10

?=T:26£33.£=33.1 =33 - 1.trida
4.2.6 POSUDENIE NA TAH

Prut ¢ 1170 kz 69
Ngqg = 262,791 kN

N
B <10

Nird

N = A.fy  2640.107°. 235.10° — 6204 KN
T Y 1,0 R

N

B <10

N rd

262,791

6204 ~ 7

0,42<1,0...vyhovuje program 0,42

0,01<1,0... vyhovuje
4.2.7 POSUDENIE NA VZPER

Prit & 1150 kz 32
Ngq = —236,438kN

L¢r,y = 5,44m (zaistené styCnikmi)
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Ly, = 2,720m (zaistené stuZidlami, vdznicami)

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Vybocéenie kolmo k osy v:

Lery 5440
Y iy 548
Nea _ 4

Nbra ~

Xy- A.f, 053.2640.107¢. 235.103
' Ym1 1,0
1 1
= 0,53

Ay = S 2 122+ J1222- 1022
¢y+ ¢y _’13'

¢y =05. [1 +ar(t, —02)+ ,Tyz] =0,5. [1+ 0,49 .(1,02 — 0,2) + 1,022] = 1,22

_ Afy 2460.10—6.235.103_102 - 02
y Ny, 554 S ’

Nembzem zanedbat Gcinky vzperu

~
Il

n?. E.l, w2 210 .10°.7910000.10"*?

N, ., = = = 554kN
Y Ler,y? 5,442

Ngq 236,438 072 <10

Npra 3288 7 77

0,72<1,0... vyhovuje (

Vybocenie kolmo k osy z:

Loy, 2720
A, =—22 =27 = 4964
z i, 54,8
N

B <10
Nprd
Xz- A. fy, 0,83.2640.107¢. 235.10°
Npra = = = 514,93 kN
YMm1 1,0
1 1
0,83

Az = / T 071+ JO712— 0512
_2 p—
¢z+ ¢zz_/12 ’ ’ ’

$,=05. [1 +ayr(2gy — 0,2) + ,TZZ] =0,5. [1+ 0,49(0,51 — 0,2) + 0,512] = 0,71
o _ |Afy_ [2460.1070.235 100
27 | Ny 2215,94 S ’

Nembzem zanedbat Gcinky vzperu
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n? E.l, m% 210 .10°. 7910000.107*2

N.. = = = 2215,94kN
TZ T Ler, z2 2,722

Npg 236,438 046 <10

Npra 51493 ' =7

0,46<1,0... vyhovuje (program RFEM 0,09<1,0)

4.2.8 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prat & 1150 kz 32
Npa = —236,438KkN
Myga = —9,333 kNm
Mygq = 0,018kNm

Ngq 4 My gq + AMy g MzEd + AMyEq <10
Xy - Nrk YW Xur. MyRrk YE© o Xt Mg T
YM1 YM1 YMm1
N M + AM M + AM
Ed + kzy- y,Ed y,Ed + Kk, . z,Ed z,Ed <1,0
Xz NRrk Xut. My Rk Xur. Mz Rk
YM1 YM1 YM1
Navrhové hodnoty Unosnosti:
A.fy 2640.107°. 235.10°
Ngq = = =620,4 kN
YMo 1,0
W,y . 132000.107°.235.10°
My pq = ’;j'y Iy 5 = 31,02 kNm
Mo )
Wy, . 132000. 107°. 235.10°
My pa = iz fy = = 31,02 kNm

Ymo 1,0
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30 040 0%0 0800 0700
Arerd Bl Dot el |

f
P12

H 235873 kN

Vnitini sily - My [kNm]

4.590kNm E
.

Podla tvaru priebehu momentov

linearny

Mpy = —9,333 kNm

WMy, = 4,590 kNm

W 4,590 049 M M
~—9333 v

-1<¥ <1

-1<-049 <1...V

Cmy= 0,6+0,4.¥=06+04.049 = 0,404 >04... v

- Ngq Ngq
kyy_cmy- 1+(Ay—0,2).m SCmy. 1+0‘8Xy—NRk
YM1 YM1
ko, = 0,404.1 1+ (1,02 — 0,2 _236438 < 0,404 .[ 1408 _236438
yy = 0404.1 14+ (1,02- 02). gez—Fpop7 | < 0404 .| 1+08. gea—mny
1,0 1,0

kyy = 0,646 < 0,64...k,, = 0,646
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ky, = 0,6. kyy = 0,6.0,646 = 0,39
M}, = 0,018 kKNm

YMp, = 0,004kNm
M,y = 0,013 kNm

WY =0,22
Mg 0,013

@ =4 =018 = *72

0<a, <1 o, = M /M,

0072 <1...V
-1<s¥ <1

-1<022<1...V

Cmz= 02+08.a3=02+08.072 =0,78 > 0,4... v

_ NEd NEd
Ky, = Cmz-| 1+ (2./12— 0,6). m < Cypz-| 1+08. —Xz- Nrx
YM1 YM1
k,,= 078.[ 1+ (2.051— 0,6 2008 V<078 [1+08. 2B
zz= 0781 1+ (2.051=0,6). Gaz—pon7 | < 078 .{ 1+ 08. Gaz—p57
10 L0
ks = 0,93 < 1,06...k,, = 0,93

Ky, = 0,6. Kk,, =0,6.0,93 =0,56

Xrr = 1,0 (priuzavretych prierezoch ku klopeniu nedochadza)

236,438 voae, O3BHO o 001840
053. 6204 T V0% 153707 T 039 753107 S L
(R —10 — 10
0,91<1,0... vyhovuje program 0,95

236,438 o 9333+0 001840
083. 6204 + 993 75 3102 T 0°0 1o 3702z =1
— 10 1.0 —1.0

0,74<1,0... vyhovuje program 0,58
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4.2.9 DIAGONALY

Prierezové charakteristiky:

b =70 mm

t=3mm

A =781 mm?
ly = 575000 mm?*
iy=27,1mm

Wplly = 19400 mm3

Materialové charakteristiky:

$235 (fy = 235MPa, fu = 360 MPa)

E=210GPa i
Trieda prierezu:
e= [B5- [B5_ 4

fy 235

Pre trubkové profily Stvorcového tvaru plati

_70—-6

=2133<33.e=33.1=33 - L1l.tfida

H |0

.2.10 TAHANA DIAGONALA

Prut ¢ 1845 kz 69
Ngq = 89,158kN
NEg

N¢Rra

<10

A.f, 781.107°. 235.10°

= 183,5kN
YMm1 1'0

Nt,Rd =

0,48 < 1,0 ... vyhovuje ( program RFEM 0,49<1,0)

4.2.11 TLACENA DIAGONALA POSUDENIE NA VZPER

Prit & 1844 kz 53
Ngg = —86,915 kN

Lcr,y = Lcr,z =23m
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a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Lery 2300

)L = = = 84,87

Yooy 27,1

Nea _ 10

Nbra ~

Xy- A.f, 0597.781.107°. 235.103
' Ym1 10
1 1

= 0,597

Xy = XZ = =
[ 2_ ;2 1,08+ 1,082 - 0,903
byt (&~ Ay

¢y =05. [1+a;(1,—02)+ 4,°] =05. [1+0,49. (0903 —0,2) +0,903%] = 1,08

s AL 781.10—6.235.103_0903 - 02
Yot | Ny 225,28 - ’

Nembzem zanedbat Gcinky vzperu

_m? E.l, m? 210 .10°.575000.107"2

N, = = = 225,28kN
T Ler,y? 2,32

Ngg 86,915 079 <10

Npra 10957 77 =7

0,79<1,0... vyhovuje (program RFEM 0,48<1,0)

4.2.12 ZVISLICE

50.0

Prierezové charakteristiky:
b =50 mm

t=3mm

A =541 mm?

ly = 195000 mm?*

iy=19 mm

Wpl,y = 9390 mm3

Materialové charakteristiky: v
5235 (f, = 235MPa, f, = 360 MPa)
E =210 GPa

Trieda prierezu:


file:///A.fy
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€= \/?—ys = \/% =10

Pre trubkové profily Stvorcového tvaru plati
50—6

T3

.2.13 POSUDENIE NA TAH

=16,67 <33.e =33.1=33 - L1l.tfida

H |0

Prut ¢ 2715 kz 95
Ngqg = 16,188KkN

Ned 10

Nird

N A.f, 541.107°. 235.10° 127135 kN
B v 1,0 T
16188

127,135~

0,013 <1,0... vyhovuje

4.2.14 POSUDENIE NA VZPER

Prut ¢ 1032 kz 69
Ngg = 7,588KkN
Lcr,y =Ly,=18m

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Lery 1800
Ay =—==——-=947
Yooy 19
NEqg <10
Nbra ~
Xy- A.f, 0533.541.107°. 235.103
Nb Rd = = = 67,76 kN
' Ym1 10
1 1

= 0,533

X = X = =
¢y | ,/ ¢y /1y

¢y =05. [1+a;(1,—02)+ 4,°] =05 [1+0,49.(1,01-0,2) +1,012] = 1,21

__  |Af, [541.1076.235.103
I=1,= = =1,01 >0,2

N,, 124,74

Nembzem zanedbat Gcinky vzperu

_m? E.l, m? 210 .10°. 195000.107"2

N.. = = = 124,74kN
T Ler,y? 1,82 ’
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Ngg 7,588
Npra 67,76

=011 <1,0

0,11<1,0... vyhovuje (program RFEM 0,11<1,0)

5 GLOBALNA STABILITA VAZNIKA

Horny pas

A, = 2640 mm?
l, = 7910000 mm*
z1 =900 mm
dolny pas

A, = 2640 mm?

I = 7910000 mm*

z; =900 mm E
(2640 H9) + (2640. (1800 + ﬂ) S 08
72 : 5 o S

t= =970
2640 + 2420 mm - B

|
O
(@)}

Idealizovany prierez: I E

A=A, +A; =2640+ 2640 = 5280 mm?
I=5L+1+ A.z.2+ Ay.2,% = (7910000 + 7910000 + 2640.9002 + 2640.9002). 10712 =

=4,29.10"3m*
L =458m
S 1900 e L s =109 T )
[~ 35000 L] s
K, — kruhovy tvar ) : ——— %
o' \\“ =%=
08 nesouméme vybozeni

0.2 03

_ L 45,8
Lepy=p.5=p 5= 1,09.—— = 24,96m

2
Ned 10
Nbra ~
Ny = Xy- A-fy _ 0962.5280.107°. 235.10° — 119365 kN

YM1 1,0
1

1
Xy = XZ = =
, =2 056+ 40,562 — 0,292
by + ¢y2 - ’1y

= 0,962
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Kamil Trunek

¢y =05. [1 +a.(1,—-02)+ ,Tyz] =0,5. [1+0,49.(0,29 — 0,2) + 0,29%] = 0,56

PR Afy 5280.10—6.235.103_029>02
Yot N, 14272 o ’

Nembzem zanedbat Gcinky vzperu

N _m?% E.l, m% 210.10°. 4,29.1073
T Ler,y? 24,967

Ngq  maxN tlak

Npra  1193,65

= 14272kN

=004 <1,0

0,04<1,0... vyhovuje (program RFEM 0,04<1,0)

5.1.1 PRIECNE STUZIDLO V KRAJNYCH POLIACH

Prierezové charakteristiky:

b =90 mm
t=4mm

A =1330 mm?

l, =1620000 mm*
iy=34,8mm

Wplly = 42600 mm3

Materialové charakteristiky:
S235 (fy, = 235MPa, fu = 360 MPa) b
E =210 GPa

Trieda prierezu:

€= \/% = \/% =10

Pre trubkové profily Stvorcového tvaru plati
90 -8

T4

.1.2 POSUDENIE NA VZPER

=205<33.e=33.1=33 - Ll.trida

Ul | O

Prit & 2464 kz 87
Npgq = 62,272KkN
Lepy =2,92m

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c¢”
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oo Lory 2920 .
YT ou, o 348 7
Nea _ 10
Nora =
Xy-A.fy  06.1330.107°. 235.103
' YM1 1,0
1 1

0,6

Ay = / 5 ~> 107+ J1072- 0892
¢y+ ¢y_Ay ) ) 2

¢y =0,5. [1 +ar(2, —02)+ /Tyz] =0,5. [1+0,49.(0,89 — 0,2) + 0,89%] = 1,07
L. [An_ [1330.1070235 103
Y | Ny 393,79 - ’

Nemdzem zanedbat Ucinky vzperu

n? E.l, m? 210 .10°. 1620000.10712

= = = 393,79kN
T Ler,y? 2,922

Npg 62,272 033 <10

Npra 187,53 ~°° =7

0,33<1,0... vyhovuje

Ler, =584m
a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)
Loz 5840

A,=——=——=1678

z i, 34,8

N

B <1,0
Np,rd
Xz- A.fy, 0,24.1330.107%. 235.103
Nb,Rd = = = 75,012 kN
YM1 10
1 1
= 0,24

Az = | T 247+ 2472 178
—_ 2 —
¢z + ¢22 - Az ' ’ '

$,=05. [1 +ar(1,—0,2) + ,TZZ] =0,5. [1+0,49.(1,78 — 0,2) + 1,78%] = 2,47

~ |A.f,  [1330.1076.235.10°
_ _ =1,78 > 0,2

~
N

N, 98,45

NemozZem zanedbat ucinky vzperu

N _m? E.l, m% 210.10°. 1620000.107'2
T Ler,z2 5,842

= 98,45kN
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Npg 62,272
Npra 75,012

0,83 <10

0,83<1,0... vyhovuje ( program RFEM 0,55<1,0)
5.1.3 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prut ¢ 53 kz 71

Ngg = —61,968 kN
My,Ed = —0,042 kNm
M4 = —0,508kNm

NEg My gd +AMy kg M, gq + AM, gq
———+ kyy . : —+ k,, . — —<1,0
Xy - Nrk 44 Xvr. My Rk . XLt. MzRK

YMm1 YMm1 Ym1

NEq Mygq +AMyEgq M, gq + AM, gq
——+ k. - - L —= —<1,0
Xz Nrk 2 Xvr. My Rk 20 Xur. Mgri

YM1 YM1 YM1
Navrhové hodnoty Gnosnosti:

N A.fy 1330.107°. 235.10° 31255 kN
R o 1,0 \ B '
Wiy . 42600.107°.235.10°3
My ra = p}f”’ by _ 0 =10,011 kNm
Mo )
Wpiz-fy  42600. 107°. 235.10°
My pa = y' = 0 = 10,011 kNm
MO )

| Vnitini sily - Mz [kNm]
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Mpy = —0,042kNm
WMy, = 0,032kNm
Mgy = 0,027 kNm

Y= 0032 _ 0,761
T —0,042

—1<a; <0 o, = M_/M,

-1<-0,761 <0... v

Cmy = 01.(1-¥)—-08.as= 01.(1+0,761) +0,8.0,642 = 0,687 = 0,4

- Ngq NEq
kyy = Cmy' 1+ (Ay - 0,2) . m < Cmy q1 +0,8. m
YM1 YMm1
k,w = 0,687 .| 1 0,89 — 0,2 —62'272 <0687.11+0,8 —62'272
yy = 0,687.1 1+ (089=02). ge—mer | < 0,687 .| 1+08. g—rer
1,0 1,0

kyy = 0,844 < 0,869 ...k,, = 0,844
ky, = 0,6. kyy = 0,6.0,844 = 0,506

M, = —0,509kNm
WMy, = 0,120 kNm
M, = —0,098 KNm

y = 012 _ 0,24
- —0509

a, = M_/M,

-1<-024 <1... v
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cmz= 02+ 0,8 .ag= 02+ 0,8.0,193 = 0,354 > 0,4...X

Cmz = 0,4
- Ngq Ngq
kZZ_CmZ' 1+(2),Z—0,6)m SCmZ' 1+0,8. m
YMm1 YMm1
k,,=04.[1+ (2.1,78— 0,6 __obzz72 <04.[1+08 __ozz72
2= 04| 14 2.178-06) . Gog—qmes | = 04 .| 1+08. G753
1,0 1,0
k,, = 1,38 < 0,665 ...k,, = 0,665
ky, = 0,6. k,, =0,6.0,665 = 0,4
xir = 1,0 (priuzavretych prierezoch ku klopeniu nedochadza)
62,272 0844 0,042+ 0 0506 0,018 +0 <10
0,6. 312,55 + 0, " 1,0. 10,011 + 0, " 1,0. 10,011 — ™
1,0 1,0 1,0
0,34<1,0... vyhovuje program 0,35
62,272 0.665 0,042+ 0 04 0,508 +0 <10
0,24. 312,55 + 0, " 1,0. 10,011 + 04 1,0. 10,011 — ™
1,0 1,0 1,0

0,84<1,0... vyhovuje program 0,87

5.1.4 POZDLZNE STUZIDLO VRCHOLOVE

5.1.5 DIAGONALY

Prierezové charakteristiky:
b =60 mm

t=3mm

A =661 mm?

l, =351000 mm?*
iy=23,1mm

Wplly = 14000 mm3

Materialové charakteristiky: v
S235 (fy, = 235MPa, fu = 360 MPa)
E=210GPa

Trieda prierezu:

235 235
E= |[—= |[—= 1'0
\/ fy \I235
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Pre trubkové profily Stvorcového tvaru plati

60— 6
= =18<33.¢=33.1=33 —» 1.trida

Vi 0

.1.6 POSUDENIE NA VZPER

Prat ¢ 2650 kz 60
Ngq = 31,743kN
Lery = Ly, = 3,081 m (zaistené vdznicami)

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Lery 3081
Ay = —==——=13337
Yoy 23,1
Ned _ 10
Nprd =~
Xy-A. fy  034.661.107°. 235.10°
Nprd = = = 52,81 kN
' YM1 1,0
1 1

= 0,34

Xy =Xz = =
-2 1,807 + /1,8072 — 1,422
¢y + \N’yz = Ay v

¢y =05. [1+ay(1,—02)+ 1,°] =05 [1+049.(142 - 0,2) + 1,42%] = 1,807

S oo [AS_ [661.107%235.108
y=%= I'N, 76,638 - ’

Nemozem zanedbat Ucinky vzperu

_m? E.l, m? 210 .10°.351000.107*2

N, = = = 76,638kN
T Ler,y? 3,081%

Ngqg 31,743 060 <10

Npra 5281 ~ ~— 7

0,60<1,0... vyhovuje ( program RFEM 0,60<1,0)

5.1.7 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prut ¢ 1032 kz 69

Ngg = 31,743 kN
My gq = —0,022kNm
Mzgq = OkNm

Ngq + Kk My gq + AMy g
Xy - Nrk YW Xur. MyRrk
YMm1 YMm1

<10
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N M + AM
——Bd 4, 22 YEd 1,0
Xz NRrk Xut. My Rk

YMm1 YMm1

Navrhové hodnoty Unosnosti:

A.fy, 661.107° 235.10°

Kamil Trunek

Npy = = 155,335 kN
R YMmo 1,0
W, . . 14000.107°.235.10°
My pg = —22 Iy _ = 3,29 kNm
Ymo 1,0

n.?;u;_m ﬁ 1.F j'i—i — :ﬁ 7% AT
Vnitini sily - N [kN]

. .

5 -31.743kN

& g g 3 8 g
5 4 5 5 5

S 31 602

s 31700
31726

Vnitini sily - My [kNm]

Vnitni sily - Mz [kNm]

P!
p:
-0.022 kNm

Mpy = 0,045 kNm
WMy, = —0,022 kNm
M,y = 0,127 kNm

‘P=ﬂ= —0,488
0,045 ’
M,, 0,045
ay = M, =W=O'354
<a <
<0354 <1..V
-1<s¥ <1

Cmy = 0,95+ 0,05.a, = 0,95+ 0,05.0,354 = 0,968 > 0,4... vV

Cl.h - M]I"’MI
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— NEgg NEq
kyy_cmy- 1+(ﬂy—0,2).m Scmy- 1+0’8.Xy-—NRk
YM1 YM1
kyy = 0,968.( 1+ (1,42 - 0,2 __ 3L ) 0,968 .| 1+0,8 _ L7
yy = 0968.| 1+ (142 = 0.2) . Gz7 a5 335 | = 0968 | 1+08. Gz 55335
1,0 1,0

kyy = 1,678 < 1,433 ...kyy = 1,433
Ky = 0,6. kyy = 0,6.1,433 = 0,86

Xrr = 1,0 (priuzavretych prierezoch ku klopeniu nedochadza)

31,743 Lazg 202240
034+ 155335 © U433 75320 =1
1,0 1,0
0,61<1,0... vyhovuje
31,743 0gg 002240
034+ 155335 V96 79329 =1
10 10

0,61<1,0... vyhovuje

5.1.8 DOLNY PAS

Prierezové charakteristiky:

b =70 mm
t=5mm

A = 1240 mm?
l, = 846000mm*
iy=26,2mm

Wp|,y = 29600 mm3

Materialové charakteristiky:
$235 (f, = 235MPa, f, = 360 MPa) y
E=210GPa

Trieda prierezu:

’235 ,235
e= |[=—= [=—=1,0
fy 235

Pre trubkové profily Stvorcového tvaru plati
c 70-10

7 z =12<33.£e=33.1=33 - 1.tfida
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5.1.9 POSUDENIE NA TAH

Prut ¢ 2648 kz 60
Ngqg = 51,674KkN

N
B <10
Nird
N = A.f, 1240.107°. 235.10° 2914 KN
R 1,0 m
51,674
<1,
291,4

0,18 <1,0... vyhovuje
5.1.10 POSUDENIE NA VZPER

Prut ¢ 1120 kz 100
Ngqg = 38,4kN
Lepy=5m

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

L 5000

Ay =—2L ="—-=190,84
Yo 26,2
Ned _ 10
Nora =
Xy-A.fy 0,19.1240.107°. 235.103
Nde = = = 55,37 kN
' YMm1 1,0
1 1
= 0,19

! t 2 a ’ ’ ’

¢y =05. [1+ar(ly—02)+ 4,°| = 05. [1+049.(204-02)+2,04%] = 3,03

I Afy 1240.10-6.235.103_204>02
Y | Ny o 70,14 v ’

NemézZem zanedbat Ucinky vzperu

_m% E.l, m% 210 .10°. 846000.107'2

= = = 70,14kN
T Ler,y? 52 0
Npg 384
= =069 <1,0
Nora 5537

0,69<1,0... vyhovuje

Ley,=25m
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o = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c”)

Loz 2500

A, =—==——=09542
z i, 26,2

NEq <10

Npra =~

Xz- A. f,  053.1240.107%. 235.103
’ YM1 1,0
1 1
=0,53

Az = / T 122+ J1222- 1022
—_ 2 —
¢Z + ¢zz - /12 ’ ’ ’

$,=05. [1 +ar(1,—02) + ,TZZ] =0,5. [1+0,49.(1,02 — 0,2) + 1,02%] = 1,22

_ |A.f, [1240.1076.235.103
2, = = =1,02 >0,2
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