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ABSTRAKT

Hlavnym cielom bakalarskej prace je vypracovanie statického navrhu nosnej ocelovej
konstrukcie Sportovej haly.

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

Hlavna nosna cast je tvorena prie¢ne oblukovymi vazbami, ktoré su uloZzené pomocou
Capov na beténovych blokoch. Tieto obluky su navrhnuté ako priehradové s osovou
vzdialenostou 6metrov.Priestorovou tuhost zaistuju pozdizne, prie¢ne stuzidla, a
tieZ vaznice. Stitové steny st tvorené priehradovymi stipmi, ktoré su kibovo uloZené. Prvky
su z ocele triedy S235 JR. Stenové a stresné oplastenie je rieSené zo sendvicovych panelov.
Sportova hala je situovana v lokalite Brno.

KLICOVA SLOVA

Sportova hala, ocelova konstrukcia, statické postdenie, 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 ocelovu konstrukciu Sportovej haly je vypracovany staticky vypocet. Hala sa nachadza
v lokalite Brno a md nasledovné rozmery 35,0 x 40,0m pricom vyska konstrukcie nad terénom je
17,73m. Maximalna svetla vyska je 15,335m.

Konstrukcia je tvorend desiatimi oblikovymi prie¢nymi vazbami s osovou vzdialenostou 5,0m
pricom vazby tvoriace Stitové steny budud vyhotovené ako plnostenné oblukové vazniky typu IPE.
Medzilahlé vazby tvori oblikovy priehradovy vaznik. Vazniky su uloZené do beténovych blokov
pomocou capu. Prie€ne vazby sU navzajom spojené vaznicami typu HEA. UloZenie vaznic je
uvazované kibovo ( na hornd hranu vaznikov ). Stredny plaét bude kladeny na véznice. Stenovy plast
Stitovych stien kotveny na pazdiky, ktoré st kibovo pripojené k stipom. Systém prieénych
a pozdiZnych stuzidiel zaistuje priestorovi tuhost a stabilitu konstrukcie. Stipy aj stuZidla su ulozené
klbovo.
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2 GEOMETRIA

-dizka haly L=45m

- Sirka vazniku b =35 m

-vazbyada=50m

- vy$ka konstrukcie nad terénom H=17,7m

2.1 SCHEMA DISPOZICIA HALY

- rozmery ihrisk :

Tenisovy kurt Basketbal

- ditkal=36,3m -ditkal=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

45000
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2.2 PODORYSNA SCHEMA

45000

Kamil Trunek
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2.4 VYPOCTOVY MODEL
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3 ZATAZENIE

3.1 ZATAZENIE STALE
3.1.1 ZS1 VLASTNA TIAZ

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 pasu obluku je 19,099 m
panely budud kladené v prie€nom smere.

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

ZataZenie vaznic:

—vaznicalal8 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
—vaznica8all 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) budd 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 =0,332kN/mb

3.1.3 ZS3 OSTATNE STALE ZATAZENIE

Tiaz od vzduchotechniky, osvetlenia. Predpoklad hmotnosti 25kg/m2
—vaznik1a10 gk=0,25.2,5=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
Charakteristickd hodnota zataZenia snehom sx = 1,0 kN/m2
Sucinitel expozicie : c.=1,0

Tepelny sucinitel : ¢t = 1,0

3.2.1 ZS4 - SNEH PLNY

Tvarovy sucinitel (pre valcové strechy) : ;= 0,8

Si=  * C * CpuSk = 0,8.1,0. 1,0, 1,0 = 0,8 kN/m?
Zatazenie na vaznice : s = 0,8 kN/m

Tecny uhol beta B >60° - ;= 33,83 m

- viéznice 1,2,17,18 nebudu zatazené snehom
—vaznica3alé sk=0,8.1888=1510kN/mb
—viaznica4al5 sk=0,8. 2,163 =1,730KkN/mb
—vaznica5al4 sk=0,8. 2,496 =1,997 kN/mb
—vaznica6al3 sk=0,8. 2,764 =2,211KkN/mb
—viaznica7al2 sk=0,8. 2961 = 2,369 kN/mb
—vaznica8all sk=0,8. 3,032 =2,456 kN/mb
—vaznica9al1l0 sk=0,8.1,611= 1,289 kN/mb

Pfipad (i)

3.2.2 ZS5-SNEH NAVIATY P (Il A) 08
Pripad (i) 0,5y ps
R L
h=13,92m
b=35m
h 13,92

= =0,398>2,0 > 3 = 2,0
b 350 o o- At THIES b

Tecny uhol beta B >60° > 13= 33,83 m

Tecny uhol beta B >60° > p3=0
Tecny uhol betaB<60° > 0,5u;=0,5.2="1

|J.3 = 2,0

Sy = px Cg * CpuSye = 2,0. 1,0. 1,0. 1,0 = 2,0 kN/m2
S=0,5. 1 * Cg * Ct, S =0,5.2,0.1,0. 1,0, 1,0 = 1,0 kN/m2
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Zat'aZenie na vaznice :
- vaznice 1,2,17,18 nebudu zatazené 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
—véaznica6b sk =0,950. 0,854 = 0,811 kN/mb
sk=6a+ 6b=1,6954+0,811= 2,506 kN/mb
—vaznica7 sk=0,724. 2,961 = 2,111 kN/mb
—vaznica8 sk=10,370. 3,032 = 1,122 kN/mb
—viaznica9 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
—vaznica 12 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 4+ 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
=
—véaznica1l6 sk=0,223. 1,888 = 0,421 kN/mb \/ 2

3.2.3 ZS6 —SNEH NAVIATY L (1IB) o h
Zatazenie je symetrické so stavom ZS5 ? k \
3.2.4 757 - SNEH NAVIATY P (Ill1A)

b
h 1392 >

b~ 40
S1=pu*C,*CpsSr=2,0.1,0.1,0.1,0=2,0 kN/m2

=0398=20->u3=20

Sp= 0,5. p * Cq * CpuSi =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
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—véaznica7 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 kKN/mb
—vaznica 12 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 kKN/mb
— vaznica 15 sk = 1,649 . 2,163 = 3,567 kKN/mb
— vaznica 16 sk = 1,888. 1,888 = 3,565 kN/mb
3.2.5 ZS8-SNEH NAVIATY L (IIB)

Zatazenie je symetrické so stavom ZS7.

3.3 PREMENNE ZATAZENIE (KLIMATICKE)- VIETOR

Lokalita : Brno

Veternd oblast : Il

Kategoria terénu : Il

Parameter drsnosti terénu : zo = 0,05 m
Minimalna vyska : Zmin=2,0m
Zakladna rychlost vetra : vp0 =25 m/s
Sudinitel smeru vetru cgir= 1,0
Sucinitel roéného obdobi : Cseason = 1,0
Sucinitel ortografie terénu : co(z) = 1,0
Vy3ka objektu :z=17,73 m (17,160)

Zékladna rychlost vetra 10 m nad terénom : Vi = Cdir. Cseason. V0= 1,0. 1,0. 25 =25 m/s

Sve ey e _ z\_ 17,73\ _
Sucinitel drsnosti terénu : cr)= Ky . In (ZO)— 0,19. 1n (—0,05 )— 1,121,11
70 1007 0,05\007_

Strednd rychlost vetra : vm(z) = c(z)-c0(z)-vp = 1,12:1,0-25 = 28m/s
ov kI 1,0 ~
vm(z) _CO(Z).IH(%)_1’0_]n(17'73) =0,170

0,05

Intenzita turbulencie: I,(z) =

Maximalny dynamicky tlak:  qp(z) = [1 + 7.1v(2)] % .p.vm(z)?
ab(2) = [1 +7.0,170] .5 . 1,25.282

ge(z) = 1073,1 Pa =1,07 kN/m?
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3.3.1 ZS9- VIETOR PRIECNY P

Ucinky na stredny plast

h=5,14m
d=35,0m
h_5,14_015 0
d- 35 7
f_12,62_0361
d 35

Wi = 0p(z) . Cp,10;

Zdroj: norma CSN EN 1991-1-4 Zatizeni vétrem Gya,i0 o
8 ll
Oblast A: =]
:: h'x'"’a_"_""rf
W,= Qp(2) . Cp,102 = 1,07. 0,56 = 0,60 kN/m2 ' ,—F’{/ﬁ’
, 0 *"mlm N R TR ¢ -
Oblast B a3 b—t J
i C
Wb = Qp(2)Cp106 = 1,07. (-1,05) = -1,12 kN/m2 04 —?.
A1 % ‘:-'rl 7/1
ey A
e
Zdroj: norma CSN EN 1991-1-4 Zatizeni vétrem =10 ' },
H ]
2
ZataZenie na vaznice : AR 0,5

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

—véaznical sk=-1,12. 0,822 =-0,921 kN/mb
—véaznica2 sk=-1,12. 2,344 = —-2,625kN/mb
—véaznica3 sk=-1,12. 3,125 = —3,5 kN/mb
—véaznica4 sk=-1,12. 3,125 = —3,5 kN/mb
—véaznica5 sk=-1,12. 3,125 = —3,5 kN/mb
—véaznica6 sk=-1,12. 3,125 = —3,5 kN/mb
—véaznica7 sk=-1,12. 3,125 = —3,5 kN/mb
—vaznica8 sk=-1,12. 3,075 = —3,444 kN/mb
—vaznica9 sk=-1,12. 1,613 = —1,806 kN/mb
—vaznica10 sk=-1,12. 1,613 = —1,806 kN/mb
—vaznicall sk=-1,12. 3,075 = —3,444 kN/mb
—vaznical1l2 sk=-1,12. 3,125 = —3,5kN/mb
—vaznica1l3 sk=-1,12. 3,125 = —3,5kN/mb
—vaznica 14 sk=0,6. 3,125 = 1,875 kN/mb
—vaznical5 sk=0,6. 3,125 = 1,875 kN/mb
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—véaznical6é sk=0,6. 3,125 =1,875kN/mb
—vaznical7 sk=0,6. 2,344 = 1,406 KN/mb
—vaznica18 sk=0,6. 0,822 = 0,493 kKN/mb

Uginky na $titové steny

b=450m

d=350m

h=17,73m

e =min{b; 2h} m = min {45,0; 2.17,73} m = min {45,0; 35,46} — e=35,46m

e<d ..3546m<350m..V

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

Oblast:
A=7,092m

B=27,908 m
h _ 17,73

d 35
W= Qp(Z) . Cpe,10,i

Oblastl A: Cpe,10,(A) = '112

= 0,507

We,a= 0p(2)-Cpe,10,a) = 1,07. (-1,2) = -1,28 kN/m?
Oblast B: Cpe,10,)= -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 .2,5=-3,2 kN/mb
—pazdik =-1,076. 2,5 = —2,69 kN/mb I
eld F
H |
“ G
3.3.2 7510~ VIETOR PRIECNY P > ) =0 hreben
/ % nebo GzZlabi
ZatazZenie je symetrické so stavom ZS9. H |
3.3.3 ZS11-VIETOR POZDLZNY PREDNY e’{ #
U¢inky na stresny plast l*’_""”g,z

e=35,46 m

smer vetra 0 =90°

e 35,46

1= 1 8,865 m
e 35,46

E = T = 3,546 m
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e 3546

-—=—7—=17,73m

2 2

Staticky vypocet

We,c = qp(Z)'Cpe,lo,iqp(Z) =1,07 kN/I"n2

- sucinitele cpe,10,iSU uvedené v nasledujucej tabulke

Kamil Trunek

Viiznica Cpe,10 We [kN/m2]
G H | 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

—vaznicalal8 (f) sk=-1,18 . 0,822 = —0,970 kN/mb

—vaznica 1al8 (h) sk=-0,86 . 0,822 = —0,707 KN/mb

—vaznica 1al8 (i) sk =-0,535. 0,822 = —0,440 kN/mb

—vaznica 2 al7 (f) sk=-1,18 . 2,344 = —4,407 KN/mb

—véaznica 2 al7 (h) sk=-0,86 . 2,344 = —2,016 kN/mb

— viznica2al7 (i) sk = —0,535. 2,344 = —1,254 kN/mb

—vaznica 3 al6 (f) sk=-1,18 . 3,125 = —3,688 kN/mb

—vaznica 3al6 (h) sk=-0,89 . 3,125 = —2,781 kN/mb

—vaznica 3 alé6 (i) sk =-0,535. 3,125 = —1,672 kN/mb

—vaznica4al5 (f) sk=-1,18 . 3,125 = —3,688 KN/mb

—vaznica4al5 (h) sk=-0,95. 3,125 =—-2,970 KkN/mb

—vaznica4al5 (i) sk=-0,535.3,125 =—1,672 kN/mb

—vaznica5al4 (f) sk=-1,18 . 3,125 = —3,688 KN/mb

— véznica 5al4 (h) sk=—0,91 . 3,125 = —2,844 kN/mb

—vaznica 5al4 (i) sk=-0,535. 3,125 = —1,672 kN/mb
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—vaznica6al3 (f) sk=-1,21 . 1,990 = —2,408 KN/mb
—vaznica6al3 (g) sk=-1,42 . 1,135 =—-1,612kN/mb
—vaznica6al3 (h) sk=-0,82 . 3,125 = —2,563 kN/mb
—vaznica6al3 (i) sk=-0,535. 3,125 = —1,672 kN/mb

—vaznica7 al2 (g) sk=-1,42 . 3,125 = —4,428 KkN/mb
—vaznica 7 al2 (h) sk=-0,70 . 3,125 = —2,188 kN/mb
—vaznica7 al2 (i) sk=-0,535. 3,125 = —1,672 KN/mb

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

—vaznica9al0 (g) sk=-1,39 . 1,613 = —2,242 kN/mb
—vaznica9al0 (h) sk=-0,75 . 1,613 = —1,210 kN/mb
—vaznica 9 al0 (i) sk=-0,535. 1,613 = —0,863 kN/mb

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

cw= 0,01 (pre hladky povrch)

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

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

e Utinky na $titové steny

h 17,73
a = ? = 0,506m — Cpe,10

Wi= qp(z)'cpe,lo,i

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 = Op(2)Cpe,10,5) = 1,07 . (-0,368) = - 0,394 kN/m?

—pazdik = 0,785.25 = 1,963kN/mb
—pazdik =—0,394. 2,5 = —0,985kN/mb

Kamil Trunek
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3.3.4 7S12 - VIETOR POZDLZNY ZADNY

ZataZenie je symetrické so stavom ZS10.

3.3.5 2513 - UZITNE ZATAZENIE — STRECHA

Predpoklad, Ze zatazenie gk pdsobi na ploche A =10 m2
Zat'azenie na vaznicu: 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 spoé&itané programom Dlubal RFEM podla rovnice 6.10 CSN EN 1990:

E YGJ- . Gk,j an ,,yp. P+ ,,yQ,I. ijl,, 4 E yQ,i. qjo.,i . Qk,i

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

Kombindcie boli spo&itané programom Dlubal RFEM podla rovnice 6.14b, CSN EN 1990:

E Gk,j vy P, vy Qk'1” 4+ E LIJO.,i . Qk,i

=1 i>1
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4 POSUDENIE NA MSU

4.1 VAZNICA

160.0

Prierez: HEA 160
Prierezové charakteristiky:
A=3,880.1073 m?
ly,=1,673.107°> m*
l,=6,16.107¢ m*

Wiy =2,46.107% m3

Wp.=1,176 . 10% m?

ly=3,14.1078 m" M——
li=1,23.1077 m* 2
Materialové charakteristiky:

5235 (f, = 235 MPa, f, = 360 MPa)

E =210 GPa

G =81GPa

Trieda prierezu:

_[ms_ fes_
T T 23

160 6
o :7—5—15 = 62mm
Pasnica:
c, 62
iy 6,889 <9¢=9.1,0=9 1.trida
Stojina:

hw _ % —22333 <72¢=72.1=721.tida

tw

4.1.1 POSUDENIE NA OHYB OKOLO 0S| Z BEZ KLOPENIA

Prut 1555 — Kz45
Mzeq=11,581 kNm

M
z,Ed < 1'0
Mc,Rd

Wpiz- fy  1,176.107*. 235.10°

= 27,636 KN
YMo 1,0

Mc,Rd = Mpl,Rd,z =

Myga _ 11,581
Mpirdz 27,363

=042<1,0
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4.1.2 POSUDENIE NA OHYB OKOLO 0S| Y BEZ KLOPENIA

Prut 1188 — Kz49
My,ea = 33,739 kNm

Wpy - fy  2,46.107*. 235.10°
Y™mo 10

M¢rd = Mpiray = = 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 Smykove;j sily:
Prut €. 1700 KZ50

Vyga = 10,704kN

Ay, =A—2bts + (t, +2r)ty =3880— 2160+ 9+ (6 + 2% 15) 9 =

A, = 1324 mm?

Ay(fy /V3) 1324 % (235 /+/3)
Ymo 10

Vyga _ 10,704
Vyoira 179,636

= 179,636kN

Vypira =

=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
Mygqa = 33,716 kNm

M,gq = —5,313kNm
Vzper okolo osy Y
Lepy = 2,5m
h_ 152 0,95 < 2 = krivkab 0,34 tab1.3
—_= = = = = .
T I rivka a=0, a
L 2500
Ay = —2 = = 38,05

A 65,7
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Nea _ 10
Nord =
Xy-A.f, 0924.3,88.107%. 235.10°
Nb Rd = = = 84‘2,5 kN
' Ym1 1,0
1 1

= 0,924

Xy = =
, = 2 0,617 + /0,617%2 — 0,4052
¢y + ¢y2 - Ay \/

¢y, =0,5. [1 +ar(1,—02)+ ,Tyz] =0,5. [1+0,34.(0,405 — 0,2) + 0,4052] = 0,617

- A.fy 3,88.1073.235.103
v = = 0,405 > 0,2

N
Il

N, 5547,98

Nemdzem zanedbat ucinky vzperu

_m? E.l, m? 210.10°.1,673.10°°

N, = = = 5547,98kN
Y Ler, y? 2,52

Nea _ 12466 _ .o

Npra 8425 7

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

Vzper okolo osy Z
E:15—2=095< 1,2 = krivkac=> a =049 tab1l3
b 160 ’ '
Ny g = Xz- A.f, 0374.388.107°. 235.10° _ 341,01 kN
' YM1 1,0
1 1
Xz = = 0,374

/ 2 1671+ 16712 — 13362
¢z + ¢zz - Az \/

0,5. [1 + ayr(Agy — 0,2) + ZZZ] =0,5. [1+0,49(1,336 — 0,2) + 1,3362] = 1,671

b,

_ Afy 3,88.10‘3.235.103_1336>02
| Ny o 510,69 S ’

Nemdzem zanedbat Ucinky vzperu

N
N
|

_ 2. E .1, _ w2, 210 . 10°. 6,16.107°

Nerz = Lerz2 o2 = 510,69 kN
Ngq 12,466 004 <10
Npra 341,01 7 =7

0,04<1,0 ... vyhovuje

Parameter kriatenia

k,, = 1,0;L = 5,0m
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e n |El, @ 210.109.3,14.10-8_0511

Yk L |G I, T 1,0%5 ] 81.102.1,23.10~7 ~

Zj =0
_nzj |El,

J kL |Gl

z; = 0,076m
_mzy |El, m.0,076 [210.10°.6,16.107¢ _ 0544

9k, L |G, 1.5 81.10°.1,23.10~7

Bezrozmerny kriticky moment

¢, = 1,13
C, = 0,46
C; = 0,53

C
ey = [ (1 R+ (68 = G5 = (€8 = €38

1,13
Her =5 [J1 +0,5112 + (0,46. 0,544 — 0,53. 0)%— (0,46. 0,544 — 0,53 .0)]
fer = 1,017

Pruzny kriticky moment pri klopeni
nE.1,.G.I; 1

L - )
M. = 72,543 kNm

17 n\/210 .10°. 6,16.107°. 81.10°.1,23.1077
*
5

M¢r = Uer

Pomernad $tihlost

- Wiy 1 2,46.107%.235.103
I = |22 = = 0,893
L J M,, 72,543
h 152
5= 160" 0,95 < 2 = krivka klpopenia a = a;r = 0,21 tab 1.8

érr =05(1 + ayr(Ar —0,2) + A7) =0,5.(1 +0,21.(0,893 — 0,2) + 0,893%) = 0,971
1 1

XLt = = = 0,968
bur+ ,¢2 _ 2. 0971409712 0,893
LT —ALT
Navrhové hodnoty Unosnosti:
W, 0,739.2,46.107*.235.10°3
Myq = 220t Sy = 42,722kNm

Ymo 1,0
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MyEgq _ 33716

= =0,78<1
Mppa 42,722

Navrhové hodnoty Unosnosti:

A.fy 3,88.1073. 235.10°

Noo = =911,8 kN
R Yo Lo - .
W, .. 2,46.107%.235.10
My pq = —222 Jy _ — 57,81 kNm
’ Ymo 1,0 .
Wyi,-fy 1,176.107% 235.10°
MZ,pl,Rd = Varo = 1’0 = 27,64 kNm

11,957 kM

Vnitini sily - My [kNm]

OkNm

e
=
8

Vnitini sily - Mz [kNm]

0kNm

Mpy = 33,716 kNm

WMy, = 0 kNm

0 _ 0
33,716

Mgy, = 24,923 kNm

M, 24923
=M, 33716

0<a, <1

0<0739<1..V

W=

0¥ <1
0<0<1..Vv

Cmy = 02+08.25=02+08.0,739 =0,791 = 04... vV
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Cmy =CpLT = 0,791

- NEq NEq
kyy—Cmy. 1+(Ay—0,2)m SCmy. 1+0,8Xy—NRk
YM1 YM1
kyy = 0,791.1 1 0,405 — 0,2 —12’466 <0791./1+0,8 —12'466
yy — |1+ - 02). 0,924.911,8 | — ) +08. 0,924. 911,8
1,0 1,0
kyy = 0,793 < 0,8 - Kyy =0,793
Sucinitel C,y,, ekvivalentného konstantného momentu
My, = —5,313 kNm
WYMy,, = 0 kNm
Y= 0 =0
~ 5313
M, = —6,886 kNm
My —5,313 0772
=M, T "6886
0< ap <1
0<0,772<1..V
-1<¥Y <1
-1<0<1..V
Cmz = 0,95+ 0,05.a;, =095+ 0,05.0,772 =0,989 >04... vV
_ = Ngg Ngg
K, = Crpy - 1+(ZAZ—O,6)m < Cmgz - 1+1,4.m
YM1 YM1
k,, = 0989.( 1+ (2.1,136 — 0,6 12466 ) 0,989 .| 1+ 1,4 12466
zz |1+ @1 - 06). 0,374.911,8 | — ) + L4 0,374. 911,8
1,0 1,0

kg, = 1,049 < 1,039...k,, = 1,039
ky, = 0,6. ky;, = 0,6.1,039 = 0,623
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0,1.1 N 0,1. N
ka =[1- z . Ed > 1— . Ed
Cmor — 0,25 Xz- NRk Cmor — 0,257 Xz- NRrk
YMm1 YM1
ey 01.1336 12,466 - (4 0,1 12,466
v~ \" 0,791-0,25 0374.911,8 ) = |~ 0,791—0,25" 0374.911,8
1,0 1,0
kyy = 0,991 = 0,993 ...k,, = 0,993
NEgg My Ed M, Eq <10
Xy - Nrk Y Xur. My Rk Y25 Xur. Mgre — 7
YMm1 YM1 YMm1
12,466 0793 33,716 0.623 5313 .
0,924. 9118 /7 0968. 5781 " V0% 0968. 2764 = "
1,0 1,0 1,0
0,64<1,0 (program0,64<1,0)
NEq My Ed M, Eq
_Bd g YR 2B 210
Xz - Nrk 2 xer. Myre %7 Xur. Mark
YMm1 YM1 YMm1
12,466 0,993 33,716 1039 5313 .
0374. 9118 © V7 0968 5781 " V37 0968.2764 =
1,0 1,0 1,0

084 <1,0 (program0,88<1,0)

4.2 PRIEHRADOVY VAZNIK

4.2.1 HORNY PAS

Prierezové charakteristiky:
b =140 mm

t=5mm

140.0

A = 2640 mm?
I, = 7910000 mm*

iy = 54,8 mm

Wiy = 132000 mm?
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Materialové charakteristiky:
$235 (f, = 235MPa, f, = 360 MPa)
E=210GPa

Trieda prierezu:

235 235
€= —_— = ] 1,0
\/ fy \/235

Pre trubkové profily Stvorcového tvaru plati
c 140-10

7 z =26<33.¢=33.1=33 - 1l.trida

4.2.2 POSUDENIE NA TAH

Prut € 1116 kz 61
Ngg = 178,759kN

N
Ed <10
Nt rd

A.fy  2640.107°. 235.10°
YM1 1,0

Nird = = 620,4 kN

N
Ed <10
Ntrd

178,759
<,
620,4

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)

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

Vybocenie kolmo k osy y:

Ly 3022
= Y — 5514
A 54,8
N
Ed <10
Np rd

Xy A.f, 0,79.2640.107¢. 235.10°
Np g = = = 490,116 kN
’ YM1 1,0
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1 1

! t 2 a ) ) ’

¢y, =0,5. [1 +ar(1,—02)+ ,Tyz] =0,5. [1+0,49.(0,59 — 0,2) + 0,592] = 0,77

_ _ A.fy 2640.1076.235.103
Ay =2, = = =0,59 > 0,2

=0,79

N, 1795,174

Nemozem zanedbat Ucinky vzperu

_m? E.I, w2 210 .10°. 7910000.107 "2

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

Npqa 261917 053 <10

Npra 490,16 7~~~ 7

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

4.2.4 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prat & 1140 kz 89

Ngg = —261,917kN
Mygq= 8536 kNm
M,gqa = 0,021kNm

Nggq + Kk My gd + AMy g Mz Eq + AMyEq <10
Xy - Nri YW Xur. Myrk 2' et Mgre T

YMm1 YMm1 YM1

Nggq + Kk Mygd +AMykq Mz Eq + AM,Eq <10
Xz - NRk T Xur. My Rk 2 Xur. Mgpe T 7

YMm1 YM1 YM1

Navrhové hodnoty Unosnosti:

A.fy 2640.107°. 235.10°

Ny = = 6204 kN
kd Ymo 1,0
W,.,.f, 132000.10~°.235.103
Moo= by Sy = 31,02 kN
V.Rd e 10 31,02 kNm
W,,,.f, 132000.107°. 235.10°
Mypq = —22Z Ty _ — 31,02 kNm

Ymo 1,0
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| Vnitini sily - My [kNm]

0.021 kNm

My, = 8,536 kNm
WMy, = 8,065 kNm

w= 2005 _ g0
~ 8536
Mgy = —6,869 kNm
My —6869
=M, 8536
—-1<a;, <0
-1<-08<0..V
oY <

Cmy= 01—-08.a5=01-08.08 =054 >04... v

_ - Ngg NEq
kyy = Cmy d 1+ (/13, — 0,2) . Xy—NRk < Cmy d 14+ 0,8 . Xy—NRk
Ym1 Ym1

0.2 261,917 <054 [1+08 261,917
2).- 0,79. 62048 | — 77 ° +08. 0,79. 620,48
1,0 1,0

kyy = 0,54. 1+ (0,59 —
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kyy = 0,65 < 0,77 ..k,y = 0,65
kyy = 0,6. kyy = 0,6.0,65 = 0,39
My, = — 0,058 KNm

YM,, = — 0,021 kNm

M, = —0,046 KNm

Staticky vypocet

Kamil Trunek

o, = M_/M,
_—0,021 _ 036 '
© —0,058
Mg —0,046 _ 079
=M, —0058
0<a;, <1
0<0,79 <1..V
-1<s¥ <1
-1<036 <1..V
Cmz = 0,2+08.a,=0,2+0,8.079 =0,83>04... vV
= NEggq NEggq
K,,= cpny.| 1+ (1, — 0,2). ——— ¢y .| 1+08.
ZZ mz ( Z ) 7 - NRk mz XZ' NRk
YM1 YM1
k,, = 083.[1 0,59 — 0,2 261917 <083.1+08 261917
2z = 083.{ 1+ (059-02). 5757525 | = 083 .| 1+08. 5755573
1,0 1,0

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

X = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

261,917 (g B536HO0
079. 6204 + 0% 103102 T ¥
1,0 1,0
0,71<1,0... vyhovuje
261,917 ops B536H0
079. 6204 + VU9 753102 +
1,0 1,0

0,81<1,0... vyhovuje

0,021 +0

- To. 310z =10

1,0

0,021 +0 <
" 1,0. 31,02 —
1,0

1,0
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4.2.5 DOLNY PAS

140.0

Prierezové charakteristiky:
b =140 mm
t=5mm

A = 2640 mm?

1400

ly, = 7910000 mm*
iy = 54,8 mm

W,y = 132000 mm?

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

Trieda prierezu:

,235 f235
= —_—= —_—= 1
€ fy 235 0

Pre trubkové profily Stvorcového tvaru plati

c 140-—10
== 26<33.¢=33.1=33 > 1.t¥ida
4.2.6 POSUDENIE NA TAH

Prat ¢ 1170 kz 69
Ngg = 262,791 kN

N
Ed <10
NiRrd

A.fy  2640.107°. 235.10°

=620,4 kN
YM1 1,0

Nt,Rd =

N
Ed <10
N¢Rrd

262,791
—=<1,
620,4

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

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

Prat ¢ 1150 kz 32
Ngg = —236,438kN

L¢ry = 5,44m (zaistené stycnikmi)
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Ly, = 2,720m (zaistené stuzidlami, vdaznicami)

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

Vybocenie kolmo k osy v:

Loy 5440
Y iy 548
NEg <10
Npra =~

Xy - A. fy 0,53.2640.107% . 235.103
’ YMm1 1,0
1 1
=0,53

Ay = 2 122+ J1l222- 1022
¢y+ ‘rby - ’13/

by

- Afy 2460.10—6.235.103_102 - 02
Y I Ny o 554 v ’

Nemdzem zanedbat Ucinky vzperu

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

NN
I

n? E.l, w2 210 .10°.7910000.10"

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

Ngq 236,438 072 <10

Npra 3288 7 =7

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

Vybocenie kolmo k osy z:

Lerz 2720

= — = == 4 4
A i, 54,8 26
Nea _, 0
Nora =

Xz- A.fy 083.2640.107°. 235.10°
Npra = = = 514,93 kN
YM1 1,0
1 1
- =0,83

Az = / T 071+ J0712 - 0512
_ 2 —
¢Z + ¢22 - /12 ’ ’ ’

¢, =0,5. [1 + ayr(Agy — 0,2) + /TZZ] =0,5. [1+0,49(0,51 — 0,2) + 0,512] = 0,71

- A.fy 2460.1076.235.103
= = = 0,51 > 0,2

N
N

N, 2215,94

Nemdzem zanedbat Ucinky vzperu
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2 E.l, _ 2. 210 . 10°. 7910000.10712

N. = = = 2215,94 kN
&z Ler, z2 2,722

Npa _ 236,438 _ 046 <10

Npra 51493 7 =7

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

4.2.8 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prut ¢ 1150 kz 32

Ngg = —236,438kN

Mygq = —9,333 kNm

M,gq = 0,018 kNm
Ngg My Ed + AMy kg Mzed + AMzpa _

—+ . . <10
Xy - Nrk yy XLt. My Rk vz Xut. My Rk
Ym1 YMm1 YM1
N M + AM M + AM
Ed + kzy- y,Ed y,Ed + kzz . z,Ed z,Ed < 1,0
Xz - Ngk Xut. My R Xut. My Rk
YM1 YMm1 YM1

Navrhové hodnoty Unosnosti:

A.fy _ 2640.107°. 235.10°

Npy = = 620,4 kN
R o 1,0
W,,..f, 132000.1079.235.103
My pg = —22 Iy _ = 31,02 kNm
’ YMmo 1,0
W,,,.f, 132000.107° 235.10°
My pq = —22Z Iy _ = 31,02 kNm

Ymo 1,0
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q -235873IKN

Vaitini sily - My [kNm]

§ lSmanS

Podla tvaru priebehu momentov

linearny
M,y = —9,333 kNm
WYMp,y = 4,590 kNm

-1<-049 <1..V

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

_ — NEd NEd
Kyy = Cmy - 1+(,1y—o,2).xy_—l\lRk < Cmy -| 1+08. % Nax
YMm1 Ym1
Ky = 0404 14 (1,02 — 02). —o238 N _ 0404 [ 14+08. 20438
yy = 0404\ 14 (102 02) . 553 gan | = 0404 | 1408 5536204
10 1,0

kyy = 0,646 < 0,64 ...k, = 0,646
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ky, = 0,6. kyy, =0,6.0,646 = 0,39
My, = 0,018 kNm

YMy,, = 0,004 kNm
My = 0,013 kNm

Y =0,22
Mg 0,013
ag = M, —m=0,72
0<a, <1 o, M\_f'Mh

05072 <1..V
-1<¥ <1

-1<022<1...V

cmz= 02+08.a,=02+08.072 =0,78 >0,4... vV

_ _ NEd NEd
K,, = Cpnz-| 1+ (2./12— 0,6) . m < cyz | 1+08. —Xz- Nrx
Ym1 Ym1
236,438 236,438
Kz = 078.| 1+ (2.051=06). ga3—7o57 | < 078 | 1+ 08 5535304
1,0 1,0

k,, = 0,93 < 1,06...k,, = 0,93
ky; = 0,6. k,, =0,6.0,93 = 0,56

Xt = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

236,438 0.646 9,333+ 0 0.39 0,018 +0 <10
0,53. 620,4 + 0,636, 1,0. 31,02 + 0,39, 1,0. 31,02 — 7
1,0 1,0 1,0

0,91<1,0... vyhovuje program 0,95

236,438 1oz 93330 001840
083.6204 U7 1o 3102 T V2% 103102 =
1,0 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

Wiy = 19400 mm?

Materidlové charakteristiky:

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

E=210GPa i

Trieda prierezu:

,235 ’235
= —_—= —_—= 1
€ fy 235 0

Pre trubkové profily Stvorcového tvaru plati

70— 6
=T=21,33S33.£=33.1=33 - 1l.trida

.2.10 TAHANA DIAGONALA

S N Y

Prit & 1845 kz 69
Ngq = 89,158kN

N
Ed <10
NiRrd

A.f, 781.107°. 235.10°

= 183,5 kN
YM1 1,0

Nt,Rd =

N
Ed <10
N¢Rrd

89,158 <10
183,5 — 7

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

4.2.11 TLACENA DIAGONALA POSUDENIE NA VZPER

Prut ¢ 1844 kz 53
Ngg = —86,915kN

Lery =Ler, =23m
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o = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c¢”’)

Lery 2300
)\ = . = = 84‘,87

A 27,1

Nea _ 10

Nord =

Xy-A.f, 0597.781.107°. 235.10°
' Ym1 10
1 1

= 0,597

Xy = XZ = =
/ 2 =2 1,084 /1,082 — 0,9032
¢’y + ¢y - Ay

¢y =05. [1+ar(1y,-02)+ 4,°|=05. [1+049. (0903 - 0,2) +0,903] = 1,08

Lo A 781.10—6.235.103_0903 - 02
yo g | Ny 225,28 - ’

Nemdzem zanedbat Ucinky vzperu

_m? E.l, w2 210 .10°.575000.107 "2

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

Nga 86915 079 <10

Npra 109,57 77 =7

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

4.2.12 ZVISLICE

Prierezové charakteristiky:
b =50 mm

t=3mm

A =541 mm?

l, = 195000 mm?*

iy =19 mm

Wpl,y = 9390 mm3

Materidlové charakteristiky: v
$235 (f, = 235MPa, f, = 360 MPa)
E=210GPa

Trieda prierezu:
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€= \/?—YS = \/% =10

Pre trubkové profily Stvorcového tvaru plati
50-6

"3

.2.13 POSUDENIE NA TAH

=16,67 <33.¢=33.1=33 - Ll.trida

A 0

Prat & 2715 kz 95
Ngq = 16,188kN

Ned _ g

Nera

N = A.f, 541.107°. 235.10° 127 135 kN
B v 1,0 o
16188

127,135 =

0,013 <1,0... vyhovuje

4.2.14 POSUDENIE NA VZPER

Prit & 1032 kz 69
Ngq = 7,588 kN
Ly = Lery = 1,8m

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

Ay = L;;'y = % = 94,7
Nggq <10
Npra =~
Ny = X A fy _ 0,533.541.107°. 235.10° _ 67,76 kN
' YM1 1,0
1 1

f E 2 a ) ) ’

¢, =05. [1 +ar(, —02) + ,Tyz] =0,5. [1+0,49.(1,01 — 0,2) + 1,012] = 1,21

_ _  |A.f, [541.1076.235.103
I=1= = =1,01 >0,

N, 124,74

Nemdzem zanedbat Ucinky vzperu

n?. E.I, w2 210 .10°. 195000.107 2
N, = Tory? = T = 124,74kN
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Nea 7588 11 <10
Npra 67,76 ~~ — 7

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

5 GLOBALNA STABILITA VAZNIKA

M45800

Horny pas

A; = 2640 mm?
I = 7910000 mm*
2, =900 mm
dolny pas

A, = 2640 mm?

I = 7910000 mm*

Z2 =900 mm
(2640 m) + (2640 (1800 n w) S
- 2 . 2 [e)) >
t= =970
2640 + 2420 mm - C
O g
(s @]
(-]
O
(@)]
Idealizovany prierez: m

A=A+ A, =2640+ 2640 = 5280 mm?
I=1+1,+ Az + Ay.2,% = (7910000 + 7910000 + 2640.9002? + 2640.9002). 10712 =

=4,29.10"3m*
L =458m
f_ 12900 _ a6 1,09 ¥
_= — = , e d = , =
B [ 35000 B 12 - { 5
Q A L
K, — kruhovy tvar 8 g 8 ] K
, \\\= =:_;==
08 e nesocuméme vyboceni
_ L 45,8
Lepy=B.5 =P 5= 1,09. 5= 24,96m
Nea _ 1,0
Np rd
Xy-A.f, 0962.5280.107°. 235.103
Npra = = = 1193,65 kN
’ YM1 1,0
1
= 0,962

1
Xy =Xz = =
’ =2 056+ 0,562 — 0,292
¢y+ ¢y2_ Ay ) ) )
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Kamil Trunek

¢y =05. [1+a.(1,-02)+ 1,°| =05. [1+049.(0,29 - 02) +0,29%] = 0,56

P Afy 5280.10‘6.235.103_029>02
yorET I Ny 14272 - ’

Nemozem zanedbat Ucinky vzperu
N = m?. E.I, m? 210 .10°.4,29.1073
T Ler,y? 24,962

Ngq  maxN tlak
Npra  1193,65

= 14272kN

=004 <10

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 = 34,8 mm

W,y = 42600 mm?

Materidlové charakteristiky:
S235 (f, = 235MPa, f, = 360 MPa) "z
E=210GPa

Trieda prierezu:

€= \/?iys = \/?%g =10

Pre trubkové profily Stvorcového tvaru plati

~90-8
4

.1.2 POSUDENIE NA VZPER

=205<33.£6=33.1=33 - 1l.trida

Ul | a

Prit & 2464 kz 87
Ngg = 62,272kN
Lery =292m

a = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti

%)
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Lery 2920

Ay =—>= =839

Yoy 34,8

Neda _ .0

Nora =

Xy-A.fy,  0,6.1330.107¢. 235.10°
' YMm1 1,0
1 1

Xy = = > > = 0’6
, = 2 1,07+ 1,074 — 0,89
¢y + ¢y2 - Ay

¢y, =0,5. [1 +ar(1,—02)+ ,Tyz] =0,5. [1+0,49.(0,89 —0,2) + 0,892] = 1,07

_ A.f, [1330.1076.235.103
_ _ =0,89 >0,2

PN
<

N, 393,79

Nemébzem zanedbat ucinky vzperu

_w E.l, w2 210 .105. 1620000.107"2

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

Npa _ 62,272 033 <10

Npra 187,53 7~ =7

0,33<1,0... vyhovuje

Lo, =584m
o = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti “c¢”)
Ly, 5840
A =——"—= =167,8
z i, 34,8
N
B < 1,0
Np rd
Xz- A.f, 0,24.1330.107°. 235.103
NpRrd = = = 75,012 kN
YM1 1'0
1 1
Xz = = > > = 0,24
f =2 247+ 2472 —- 1,78
¢Z + ¢22 - Az
¢, =0,5. [1 +ar(1,—02)+ /TZZ] =0,5. [1+0,49.(1,78 — 0,2) + 1,78%] = 2,47
i A.fy  [1330.1076.235.10% 178 > 02
Z7 | Ny 98,45 o ’

Nemdzem zanedbat Ucinky vzperu

_ n?. E A, _ m?. 210 . 10°. 1620000.10712
T Ler,z2 5,842

= 98,45kN
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Npq _ 62,272
Npra 75,012

=083 <1,0

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

Prat ¢53 kz 71

Ngg = —61,968kN
My gq = —0,042 kNm
M,gq = —0,508 kNm

NEq My Eq + AMy gq M, Eq + AM; gq
—_— . : —+ ky, . . —<1,0
Xy - NRrk Yy Xut. My rk vz Xer. Mz Rk

YM1 YM1 YM1

NEgq Mygqa + AMygq Mz gq + AM,gq
——+ Kk, . - —+ k., . - — < 1,0
Xz - Nrk 2 Xut. My ri 2z Xut. My R

YMm1 YMm1 YM1
Navrhové hodnoty Unosnosti:

A .fy 1330.107°. 235.10°3
Npg = —22 = = 312,55 kN
Ymo 1,0 .
Wi . 42600.107°.235.103
My pq = p}f'y Iy _ o =10,011 kNm
MO ,
Wy, . 42600. 107°. 235.103
Mypg = ’;’Z fy T — 10,011 kNm
MO ,

0000 0.100 0.200
Tt
| Vnitini sily - N [kN]
£
3

| nitini sity . My [kNm]

| Vnitfni sily - Mz [kNm]
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Mp, = —0,042kNm
WMy, = 0,032 kNm
My = 0,027 kNm

Yy = 0032 _ 0,761
0,042

~1<a;, <0 a, = M_/M,

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

Cmy = 0,L.(1—-W¥)—08.a;= 0,1.(1+0,761) + 0,8.0,642 = 0,687 > 0,4

- NEggq NEggq
kew=coo | 14 (1,— 02). —9% | <co.[14+08. —2d
yy = Cmy (4y ) s Nrx my Xy - Nrx
YM1 YM1
koo = 0,687 .| 14 089— 02). —22272 )\ _ 0687 (1408, _OHET2
yy = 0.687.| 1+ (089 - 02). g=—mes | < 0687 .[ 1+08. g=—=77=E
10 10

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

Mp, = —0,509kNm
YM,, = 0,120 kNm
Mg, = —0,098 kNm

_o12 o
© —-0509
- 20098 0103

=M, = —0,509 '

0<a <1 a, = M /M,
<0193 <1..v

—1<¥ <1

-1<-024 <1... v
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cmz= 02+ 0,8 .ag= 0,2+ 0,8 .0,193 = 0,354 > 0,4...X

Cmz = 0,4
— NEd NEd
K,, = Cpz - | 1+ (Z.AZ— 0,6) . m < Ccyz | 1+0,8. m
YM1 YMm1
k, = 04.[ 1+ (2.178— 06). —=27%2__ ) <04 [1+08. 22272
2= 04.1 1+ (2.178 - 06). 0,24. 31255 | = O* (1T 9° 022 31255
1,0 1,0

ky, = 1,38 < 0,665 ...k,, = 0,665
ky, = 0,6. k,, = 0,6.0,665 = 0,4

Xt = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

62,272 0.844 0,042+ 0 0.506 0,018 +0 <10
0,6. 312,55 + 0 " 1,0. 10,011 +0 " 1,0.10011 — 7
1,0 1,0 1,0
0,34<1,0... vyhovuje program 0,35
62,272 0.665 0,042+ 0 0.4 0,508 +0 <10
0,24. 312,55 + 0, ©1,0. 10,011 + 04 1,0. 10,011 — 7
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=23,1 mm

Wpl,y = 14000 mm3

Materidlové charakteristiky: 1":
$235 (f, = 235MPa, f, = 360 MPa)
E=210GPa

Trieda prierezu:

235 235
€ = _—= _—= 1’0
\} fy \}235
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Pre trubkové profily Stvorcového tvaru plati

60—6
= =18<33.£=33.1=33 - 1l.tfida

Ul o+ a

.1.6 POSUDENIE NA VZPER

Prut ¢ 2650 kz 60
Ngq = 31,743 kN
Lery = Ler; = 3,081 m (zaistené vaznicami)

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

Lery 3081
}\ = = = 133,37
Yoy 23,1
Ned 19
Nora =
Xy-A.f, 0,34.661.107°. 235.10°
' YMm1 1,0

1 1

Xy =Xz = = -
T b + /¢ 2_ 72 1807+ {18072~ 1422
y Yy y

by =05. [1+ar(ly—02)+ L,°|=05. [1+049.(1,42 - 0,2) + 1,427] = 1,807

To_g o [Ady_ [e61.100235.10°
y =27 Ny 76,638 - ’

0,34

Nemozem zanedbat Ucinky vzperu

_m? E.l, w2 210 .10°.351000.10" "2

N.. = = = 76,638KkN
T Ler,y? 3,0812

Neg 31743 _ .

Npra 5281  — 7

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

5.1.7 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prat ¢ 1032 kz 69

Ngg = 31,743kN
M, g4 = —0,022 kNm
MZ,Ed = 0 kNm

N M + AM
Bd o, Mygd yEd _
Xy - NRrk Yy Xut. My ri

YM1 YMm1

1,0

—_ )
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Staticky vypocet

N M + AM
B g, 2 YEd 1,0
Xz - Nrk xut. My Rk

YMm1 YMm1

Navrhové hodnoty Unosnosti:

A.f, 661. 107°. 235.103

Kamil Trunek

Npg = = 155,335 kN
" Yo Lo
W,.,.f, 14000.107°.235.103
Mypq = 222 = = 3,29 kNm
YR Yo 10
n‘?_“‘.; Ea ) B . 1.|||&::a 2o 230 AW
Vnitini sily - N [kN]
&
5 31743KN

] g g
& 5 5

31840
S 31 657
3675

e 31 692

709
SRRR) -31.726

Vnitini sily - My [kNm]

Vnitini sily - Mz [kNm]

P!
E:
-0.022 kNm

My, = 0,045 kNm
WMy, = —0,022 kNm
Mg, = 0,127 kNm

g =202 g8
T 0,045

_ My 0045
MM T 0127
0<a, <1

<0354 <1..V
1<y <1

-1<-0488 <1..V

Cmy = 0,95+ 0,05.a, = 0,95+ 0,05.0,354 = 0,968 > 0,4... vV
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- NEggq Nggq
Key= cro.| 1+ (1, —02). —< | <¢.,.l1+08. —=4
yy my (4y ) s Nk my Xy - Nk
YM1 YM1
koy = 0,968.| 1+ (1,42 — 0,2 31748 < 0968 .| 1408 _ 3L
yy = 0.968.| 1+ (1,42 - 0.2) . g=o—peaae | < 0968 .| 1+08. gzr—ee33s
1,0 1,0

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

X = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

31,743 1433 0,022+ 0 <10
0,34 + 155,335 + L ©1,0.329 — 7
1,0 1,0
0,61<1,0... vyhovuje
31,743 0.86 0,022+0 <10
0,34 + 155,335 + 0.86. 1,0. 3,29 —
1,0 1,0

0,61<1,0... vyhovuje

5.1.8 DOLNY PAS

Prierezové charakteristiky:

b=70mm
t=5mm

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

W,y = 29600 mm?

Materialové charakteristiky:
S235 (f, = 235MPa, f, = 360 MPa) 2
E=210GPa

Trieda prierezu:

e= [B5_ [B5_ 4,
fy 235
Pre trubkové profily Stvorcového tvaru plati

c 70-10

7 z =12<33.¢=33.1=33 - 1l.tfida
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5.1.9 POSUDENIE NA TAH

Prit & 2648 kz 60
Ngg = 51,674kN

Ned <1

Nird

N o By 1240.107°. 235.10° 2914 KN
tRd — Y1 - 1,0 = ,
51,674 _ . 4

291,4 ~

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

Prut € 1120 kz 100
Ngg = 38,4kN
Lepy =5m

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

Ay = L:'y = 5206(?3 = 190,84
NEgq <10
Nbra
T A.f, 019.1240.10°. 235.10° _ 55,37 kN
' Ym1 10
! . 0,19

2 - 2 , + , 2 ’4

¢, =05. [1 +ar(A, —02) + ,Tyz] =0,5. [1+0,49.(2,04 — 0,2) + 2,04%] = 3,03

P Afy 1240.10-6.235.103_204>02
Y I Ny o 70,14 v '

Nemozem zanedbat Ucinky vzperu

_m? E.I, m? 210 .10°. 846000.107'2

Ner =T = =2 = 70,14kN
Negg 384

= =0,69 < 1,0
Npra 55,37

0,69<1,0... vyhovuje

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

Lerz 2500

A, = = 95,42
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 + ¢22 - /12 ' ' ’

$,=05. [1+ar(1,-02)+ 1,°| =05. [1+0,49.(1,02 - 0,2) +1,02?] = 1,22

=1,02 >0,2

NN
N

~_ |A.fy  [1240.1076.235.103
AN, 280,55

Nemébzem zanedbat ucinky vzperu

_m? E.I, m? 210 .10°. 846000.107"2

= = = 280,55kN
T Ler, z2 2,52
Npg 384
= =025 <1,0
Nora 15544

0,25<1,0... vyhovuje

5.1.11 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prat ¢ 1121 kz 100
Ngqg = —37,662 kN
My gg = —0,388 kNm
M;gq = OkNm

NEq My Eq + AMy kg <10
Xy + Ngrk W Xur. Myre T
YM1 YM1
N M + AM
Ed + 2y - y,Ed y,Ed <10
Xz + Nrk xut. My Rk
YM1 YM1

Navrhové hodnoty Unosnosti:

A.fy 1240.1076. 235.103

Ymo 1,0
Wpl,y .fy _ 29600.107°.235.10%

Ymo 1,0

Npg = =291,4 kN

My ra = = 6,96 kNm
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0.000 0.100 0.200 0.200 0.400 0.500 0.000 0.700 0.800 0.900 1.000 1100 1.200 1.300 1.400 1.500 1.600 1.700 1.800 1.900 2.000 2100 2200 2.300 2.400 500 m
e 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .m:‘ﬂ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
Vnitrni sily - N [kN]
2 8 8 § :
5 5 5 5 37B62KN

g

$

-37 662
e -37 662
37 662

Vnitini sily - My [kNm]

Vnitini sily - Mz [kNm]

0022

0.043 -

0.052 ==

0.060 kNm

My, = —0,388 kNm
WMy, = 0,060 kNm
Mg, = —0,045 kNm

_ —0,060 0155
© 0,388
M 0,045

ag = =0,116

- M, -0388

0<a; <1

0<0116 <1..V
-1<¥ <1

-1<-0115<1.. Vv

Cmy = 02+08.a,,=02+038.

Cmy = 0,4

Kyy = Cmy-[ 1+ (4, — 0,2).

Xy - NRk

0,116 = 0,29 =204...x

Cmy -| 1+08.

YM1

Xy - NRk

YM1
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koo = 04.[ 1+ (2,04— 0,2 37,662 <04.[1+08 T
yy = 04 (14 (204=02). 5yg o917 | < 04| 1+08. 5959914
1,0 1,0

kyy = 0,901 < 0,618...k,, = 0,618
kyy = 0,6. kyy = 0,6.0,618 = 0,371

X = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

37,662 oo1g 0388H0
019+ 2914 ~ V018 757696 = 1
B E— 10

0,71<1,0... vyhovuje program 0,86

37,662 05yq 0388F0
053+ 2014 V37 107696 =1
—— 10 10

0,26 <1,0... vyhovuje program 0,27

5.1.12 PRIECNE STRESNE STUZIDLO VAZNIC

Prierezové charakteristiky:

A =113 mm?

d=12 mm

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

5.1.13 POSUDENIE NA TAH

Prut ¢ 1750 kz 44

Ngg = —21,97 kN

Nea _

tRd

N _Af 11310 235100
t,Rd — yMl - 1,0 - ]

21,97 <10

26,56 ~

0,83 <1,0... vyhovuje



VUT v Brné Staticky vypocet

5.1.14 POZDLZNE STUZIDLO DOLNEHO PASU VAZNIKU

Prierezové charakteristiky:

A =50,3 mm?

d=8mm

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

5.1.15 POSUDENIE NA TAH

Prit & 885 kz 89
Ngq = 2,894kN

N

<10

tRd

A.f, 503.107°. 235.10°

Nira = =

' YMm1 1,0
2894 _
11,82~ 7

0,25 <1,0... vyhovuje
5.1.16 POZDLZNE OKAPOVE STUZIDLO

Prierezové charakteristiky:
b =60 mm

t=3mm

A =661 mm?

ly = 351000 mm?*

iy=23,1 mm

Wiy = 14000 mm?

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

Trieda prierezu:

235 235
g= /— = /— =1,0
fy 235

Pre trubkové profily Stvorcového tvaru plati

=11,82kN

Kamil Trunek
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60—6
=3 =18<33.£=33.1=33 - Ll.tfida

gl 0

.1.17 POSUDENIE NA TAH

Prut ¢ 2666 kz 83
Ngqg = 21,337 kN

Ned _ 19

Ntrd

W _A.f_661.10°. 23510°
t,Rd — Y1 - 1,0 - ,

21337

15534

0,14 <1,0... vyhovuje

5.1.18 POSUDENIE NA VZPER

Prut € 2693 kz 55
Ngg = —20,633kN
Lery = Lerz = 2,921 m (zaistené vaznicami)

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

Lery 2921
}\ = = = 126,45

Yooy 231

Nea _ 10
Nbrd ~

Xy-A.fy  0,37.661.107°. 235.10°
' YMm1 10
1 1

= 0,37

2 - 2 ’9+ ’92_ ,

¢, =05. [1 +ar(, —02) + ,Tyz] =0,5. [1+0,49.(1,35—0,2) + 1,35%] = 1,69

_ _  |A.f, [661.1076.235.103
X,=1,= = =135 > 0,2

N,, 85,26

Nemozem zanedbat Ucinky vzperu

_m? E.I, m? 210 .10°. 351000.107"2

N, = = = 85,26kN
T Ler,y? 2,921%

Ngq 20,633 036 < 1.0

Npra 5747 7

0,36 <1,0... vyhovuje
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5.2 PAZDIiKY

Prierezové charakteristiky:

b =150 mm
t=8mm

A = 4320 mm?

l, = 14120000 mm?*

150.0

iy=57,1mm

Wiy = 226000 mm3

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

Trieda prierezu:

,235 ’235
= —_—= _—= 1
€ fy 235 0

Pre trubkové profily Stvorcového tvaru plati
c 150-16

7 3 =16,75<33.¢=33.1=33 - 1l.trida

5.2.1 POSUDENIE NA VZPER

Prut ¢ 462 kz 54
Ngqg = —42,464 kN
Lery = Lerz =5,932m

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

Ly 5932

}\ = . = = 103,88

A 57,1

NEgg <10
Npra =~

Xg- A.f, 0,49.4320.107° . 235.10°
Np pq = = = 469,37 kN
’ YM1 1,0
1 1

=0,49

! EZ ;1 ) ) )
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¢y, =0,5. [1 +ar(1,—02)+ ,Tyz] =05. [1+049.(1,1—0,2) +1,12] = 1,32

To_i o [Ady_ [4320.10°°235.10°
y— 2= I'N, 831,67 - ’

Nemozem zanedbat Ucinky vzperu

_w E.l, w2 210 .10°. 14120000.107"2

N.. = = = 831,67kN
T Ler,y? 5,932

Npa _ 42,464 009 <10

Npra 46937 ~~ ~ 7

0,09<1,0... vyhovuje

5.2.2 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prut € 466 kz 74

Ngg = —19,772 kN
Mygqa = 4,084 kNm
M;gq = —18,193 kNm

Ngg 4 My gq + AMy g Mzed + AMypa _ 10
Xy - Nrk YW Xxur. MyRrk 2T Xur.Mzre T 7
Ym1 YMm1 Ym1
N M + AM M + AM
Ed + kzy- y,Ed y,Ed n kzz . z,Ed z,Ed < 1’0
Xz - Ngk Xut. My R Xut. My Rk
YMm1 YM1 YM1

Navrhové hodnoty Unosnosti:

A.f, 4320. 1076, 235.10°

Ngg = =1015,2 kN
Rd Ymo 1,0
Wy -fy 226000.107°.235.103
M, pq = 422 = = 53,11 kN
y.Rd e 10 53,11 kNm
Wy 5. 1,176. 107 235.103
My pq = —22 Iy _ = 53,11 kNm

Ymo 1,0
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0,000 0500 7000 1500 2000 2500 3000 3500 7000 500 5000 5500 e
— 1 1 1 1 1 .Pﬂ 1 1 | 1 1 1 T
Vnitfni sily - N [kN]
8 2 g 2 3 8 g B & b
f_: = = o a = s - s = -19633kN

a
2
=

Vit sy - My [kNm]

Vnitini sily - Mz [kNm]

Mpy = 0KNm
¥YMyp, = 0kNm
My = 4,084 kNm
Y=0

-1s¥ <1

-1<0<1..V

O kNm

Cmy = 0,95+ 0,05.a;, = 0,95 +0,05.0 =095 >0,4... v

- NEq NEq
Kiv=Cnmv.l 1+ (A, — 02). ———— | < ¢ 11+08. ——
yy my ( y ) s Nk my Xy - NRk
YM1 YM1
19,772 19,772

kyy = 0,95.[ 1+ (1,1-

0.2). 949 10152 | = 995 |1+ 08. 579 91138
10 10
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kyy = 0,984 < 0,980 ...ky, = 0,98
ky, = 0,6. k,, =0,6.0,98 = 0,588
Mp, = 0kNm

\PMh,Z = 0 KkNm [\"1[ ‘-IJN'IH
il
M,, = —18,193 kNm -

Y=0 o, M /M,

OSah <1
0<0<1..v
-1<¥ <1

-1<0<1..V

Cmg = 0,95 + 0,05.a;, = 0,95+ 0,05.0 = 0,95 >0,4... vV

— NEd NEd
kpp = Cmg | 1+ (2.2, - 06). Yo Ne | = Cmz | 108 N
YM1 Ym1
19,772 19,772
k,, = 0,95. 1+(2.1,1—0,6).m <095.{1+0,8. 049.10152
— 10 1,0

k,, = 1,011 < 0,980 ...k,, = 0,980
kyz = 0,6. ky; = 0,6.0,980 = 0,588

X = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)

19.772 fog A0BETO 1819340
049+ 10152 T V7% 1o 5311t %8 1o 5311 =0
1,0 1,0 1,0
031<£1,0 ... vyhovuje
19,772 Degg A0BEFO 1819340
049+ 10152 T 98 1053117 V7% 1o 5311 =0
1,0 1,0 1,0

0,42<1,0... vyhovuje
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5.3 PRIEHRADOVE STLPY

5.3.1 DOLNY PAS

Prierezové charakteristiky:
b =150 mm

t=6mm

A =3360 mm?

ly, = 11460000 mm*

iy = 58,4 mm

W,y = 180000 mm?

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

Trieda prierezu:

e= B2 3519
fy 235
Pre trubkové profily Stvorcového tvaru plati
150 — 12

6
.3.2 POSUDENIE NA TAH

=23<33.£=33.1=33 - 1l.trida

Ul | a

Prut ¢ 332 kz 75
Ngqg = 246,353 kN

N
Ed 210
N¢Rrd
Aty 3360.1075 . 235.103  s0 6N
B 1,0 —
246,353
=TT«
789,6

0,31<1,0... vyhovuje program 0,31
5.3.3 POSUDENIE NA VZPER

Prat ¢ 1278 kz 31

Ngg = —74,633 kN
Lery = 2,5m
Ley, = 5m

o = 0,49 (duté prierezy tvarované za studena — krivka vzpernej pevnosti "¢
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Vybocenie kolmo k osy v:

Ley 2500

A = Y = 42,8
Yy~ 7Ty, 584

NEg 10

Npra =~

Xg-A.f, 087.3360.1076 . 235.10°
’ YM1 1,0
1 1
= 0,87

Ay = 2 066+ 0662 0452
¢y+ ‘Py - Ay

¢, =05. [1 +ar(2, —02) + ,Tyz] =0,5. [1+0,49.(0,45 — 0,2) + 0,45%] = 0,66

P Afy 3360.10—6.235.103_045>02
Yo I N, 3800 - ’

Nemébzem zanedbat ucinky vzperu

N n? E.l, m? 210 .10°. 11460000.107"2
Y Ler,y? 2,5%
Neq 74,633

= =0,11 < 1,0
Npra 686,96

= 3800kN

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

Vybocenie kolmo k osy z:

Ler, 5000

A =
27, 58,4

= 85,62

N
Ed <10
Np,rd

Xz- A fy _ 0,59 .3360.107°. 235.103

YM1 1,0
1 1

X = =
’ o, + /(p 2_ 72 1088+ /1,0882 — 0,912
zZ zZ Z

b, =0,5. [1 + ayr(Agy — 0,2) + /TZZ] =0,5. [1+0,49(0,91 — 0,2) + 0,912] = 1,088

Npra = = 465,86 kN

= 0,59

=091 >0,2

Z

i A.f,  [3360.1076.235.103
N, 950,09

Nemdzem zanedbat Ucinky vzperu

w2 E.I, w2 210 .10°. 11460000.10712
Ner,z = Ler, z2 - 52

= 950,09 kN
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Npq _ 74,633
Npra 465,86

=016 <1,0

0,16<1,0... vyhovuje ( program RFEM 0,16 <1,0)
5.3.4 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prat € 332 kz 57

Ngq = —342,139kN
My gq = 0,297 kNm
M,gq = —1,910kNm

N M + AM M + AM
Ed + vy - y,Ed y,Ed + kyz . z,Ed z,Ed < 1’0
Xy - NRrk Xut. My rk Xer. Mz Rk
YMm1 Ym1 Ym1
N M + AM M + AM
Ed + kzy- y,Ed y,Ed + kzz ' z,Ed z,Ed < 1’0
Xz - Nrk xut. My Rk Xut. Mz ric
Ym1 YM1 YM1

Navrhové hodnoty Unosnosti:

A.fy 3360.107°, 235.103

No. = = 789,6 kN
kd Ymo 1,0
I Wyiy - fy _ 180000 107°2.235.103 423 N
y.Rd YMmo 1,0 '
Wy, -f, 180000. 107°. 235.10°
M, ;= —2 = = 42,3 kN
zRd Ymo 1,0 m

Vnitini sily - N [kN]

42139KN §

Vnitini sily - My [kNm]

0.297 kMm
=]

Vniteni sily - Mz [kNm]

o
5

=
4 1.910kNm
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Mp, = 0,298 kNm
WMy, = 0,297 kNm
My = 0,327 kNm

_ 0,297 — 0.996
0,298
0,298

h = 0327 =0,911
0<ag, <1

0<0911 <1..V
-1<¥ <1

-1<0996 <1..V

Cmy = 0,95+ 0,05.a = 0,95+ 0,05.0,911 =0,995 =20,4... vV

NEq

kyy = Cmy' 1+ (Ay - 0,2) . m < Cmy .
YM1

kv = 0,995.( 1+ (0,45 — 0,2 342139

yy = 0995.{ 1+ (045- 0.2) . 557555

1,0

kyy = 1,119 < 1,39 ..k,y = 1,119

Kpy = 0,6. kyy = 0,6.1,119 = 0,67

My, = —3,113kNm
YM,,, = —1,910 kNm
M, = —2,756 kNm

W = 0,614

M _-2756 oo
=M, 3113
0<a, <1

0<0885 <1..Vv
-1s¥ <1

-1<0614 <1.. vV

cmz= 02+08.a;=02+08.0,885 = 0,908 > 0,4...

< 0,995 .

Kamil Trunek

oy, M h 7 M .
NEggq
Xy - NRk
YM1
og, 342139
t0U8. 5877896
10

a, = M/M,
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_ - Ngq NEq
kZZ_CmZ' 1+(ZAZ—0,6)m < Cmygz - 1+0,8m
YM1 YM1
k,, = 0,908.| 1+ (2.0,91— 0,6 342139 ) _ 0,908 . 1+ 0,8 342139
zz= 0908.| 1+ (2.091-06) . Geg—75g5 | < 0908 .| 1+08. Geg—557
1,0 1,0
k,, = 1,72 < 1,44 ...k,, = 1,44
ky, = 0,6. k,; =0,6.1,44 = 0,864
xir = 1,0 (pri uzavretych prierezoch ku klopeniu nedochadza)
342,139 1119 0,297+ 0 0864 1,910 + 0 <10
0,87.7896 | 7 10,223 T 980 10 a3 =t
1,0 1,0 1,0
0,54<1,0... vyhovuje program 0,56
342,139 0.67 0,297+ 0 144 1,910 + 0 <10
0,59. 789,6 + 0,67, 1,0. 42,3 + LAt 1,0. 42,3 —
1,0 1,0 1,0
0,80<1,0... vyhovuje program 0,83
5.3.5 HORNY PAS
R 220.0 R
Prierez: HEB 220 I ]
<>— Q \
Prierezové charakteristiky: Q\\\\\\\\\\\\\\\\\\\
- N 18.0
h =220 mm R
b =220 mm
tw=9,5mm 8 o
tr=16 mm
r=18 mm R
A
A= 9100 mm? R AR
I, = 80900000 mm* v

I, = 28400000 mm*

ly = 768000 mm*

lw = 295400000000 mm®
lw=0,2954 . 10

iy =94,4 mm

i,=559 mm

W,y = 828000 mm?3
Wi, = 393881 mm?
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Materidlové charakteristiky:
S235 (f, = 235 MPa, f, = 360 MPa)
E =210 GPa

G =81GPa

Trieda prierezu:

_ [zs_ fes_
T T3

Stojina:

cw=h—-2.t, —2.r =220—-2.16 —2.18 =152 mm
c 152

—=—"—=95

ty 16

95<72¢=721=72 - 1.tfida

Pasnica:
_b—2.r—tW_220—2.18—9,5

= 2 = 2

Cf _ 87,25

="~ =545
t; 16

= 87,25

545<9¢=9.1=9 — 1.tfda
5.3.6 POSUDENIE NA VZPER

Prut 352 — KZ80
Neq = 271,383 kN

Vzper okolo osy Y
Lcr,y = 1,25m

h—220—1 1,2 krivka b =0,34 tab1.9

E—m— <12 = krivkapo = a =0, ap 1.
L 1240

= cry _

y i 94,4

=13,13
y

N
Ed <10
Np,rd

Xy - A. fy _ 1,02.9100.107% . 235.103
YM1 1,0
1

1
Xy = = =
, = 2 0,5+ /0,52 — 0,142
¢y + ¢y2 - Ay

)

Nb,Rd = = 2181 kN

1,02
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¢y, =0,5. [1 +ar(1,—02)+ ,Tyz] =0,5. [1+0,34.(0,14 — 0,2) + 0,14%2] = 0,5

P Afy 9100.10-6.235.103_014>02
Yo I N, o 107311 o ’

mozem zanedbat Ucinky vzperu

_m? E.I, m? 210 .10°.80900000.10°

Ngpy = = = 107311kN
Y Ler,y? 1,252
Neg _ 271,383 _ . _ o
Npra 2181 77 77
0,12<1,0... vyhovuje
Vzper okolo osy Z
h_ 220 1<1,2 = krivk 0,49 tab 1.3
> =320 , rivkac= a =0, a
Xz- A.f, 0,86 .9100.107°. 235.10°
Nb Rd — = = 1839 kN
' YM1 1,0
1 1
= 0,86

Az = 5 —220676+\/06762—0472
¢z+ ¢z _Az ’ ’ '

¢, =0,5. [1 + ayr(Agy — 0,2) + ZZZ] =0,5. [1+ 0,49. (0,47 — 0,2) + 0,472] = 0,676

_ |A.f, [9100.106.235.103
1, = = =047 >0,2

N,, 9417,97

Nemozem zanedbat Gcinky vzperu

2. E.l, _ 2. 210 . 10°. 28400000.10~12

Ne, = = = 9417,97 kN
&z Ler, z2 2,52

Ngq 271,383 015 <10

Npra 1839 77 =7

0,15<1,0... vyhovuje (program RFEM 0,09<1,0)

POSUDENIE NA KOMBINACIU OHYBU A TLAKU
Prat €. 321 — KZ89

Ngqg = —262,429 kN

My gq = 9,589 kNm

Mggq = 0,034kNm

Kombinacia osovej sily a momentu



VUT v Brné Staticky vypocet Kamil Trunek

VPLYV KLOPENIA

Parameter kratenia

k, = 1,0;L = 2,5m

. n |El, 1 210.109.2,954.10—7_125
W k. L |G I, 1,0%25] 81.10°.7,68.10-7 '

Zj =0

_my |l
I~ kL |GI,
25 = 0,110m

_mz, |El, m.0,110 [210.10°.2,84.1075 st
Cg "k, L |GI, 1.25 81.10°.768.10~7

Bezrozmerny kriticky moment

¢, = 1,13
C, = 0,46
C; = 0,53

C
Her = k_1 [\/1 + ki + (C28g — C38)* = (€285 — G34p)

1,13
Her == [J1 + 1,252+ (0,46. 1,35 — 0,53. 0)%— (0,46. 1,35 — 0,53 .0)]

Uer = 1,238
Pruzny kriticky moment pri klopeni
nE. 1,.G.I; 1238 n\/210.109. 2,87.107°. 81.10°.7,68.1077
_— *
L ’ 2,5
M. = 952,59 kNm

Mer = Uer

Pomernad stihlost

A = Woiy- Ty _ 8,28.10‘4.235.106=045
. Mey 952590 ’

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

¢rr =05(1 + ayr (A7 — 0,2) + A7) = 0,5.(1 +0,21.(0,45 — 0,2) + 0,452) = 0,628
1 1

aur = / 0,628+ /0,628 — 045
bur + |bH — Air ’ ’ ’

= 0,938
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Navrhové hodnoty Unosnosti:

_ Xir Wyiy fy 0,938.8,28.107*.235.10°

M = = 182,52 kN
bRd Ymo 10 "
Mygq _ 9589
Mpra 18252 005<1
Navrhové hodnoty Unosnosti:
A.f, 9,1.1073. 235.103
Ngq = = = 2138,5kN
Ymo 10 . .
Wiy - 8,28.107%.235.10
My g = 222y _ = 194,58 kNm
Ymo 1,0
Wy fy 3,938.107% 235.10°
M L = = 92,54 kN
Z,pl,Rd ,yMO 1’0 m
anﬂiuﬂr“u-llm - .
é :-21.1ZIKN

Vitini sily - My [km]

Vnitini sily - Mz [kNm]

Sucinitel Gy, ekvivalentného konStantného momentu

My, = 13,155 kNm
WM}, = 9,589 kNm

9,589 M
- — \PM
13,155 0,729

-1s¥ <1

-1<0729 <1... v

Cmy = 0,6+ 0,4.¥=0,6+04.0729=0,8922>04... V
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— NEd NEd
Kyy = Cmy-| 1+ (4, — 0,2). % Nex < Cmy - 1+0'8'Xy-—NRk
YM1 Ym1
kyy = 0,892.1 1 0,14 - 0,2 —262,429 <0892.11+0,8 —262'429
yy = 0892.| 1+ (014 - 0.2). T57 73555 | = 0892 .| 1+08. 75771383
1,0 1,0

k,, = 0,886 < 0,977 ...k, = 0,886

Sucinitel' C,,, ekvivalentného konstantného momentu

My, = 0,034 kNm
= M
lth_z 0,018 kNm l\ wl\_l

= 2918 529
0034

-1<¥ <1

-1<-0529 <1..V

Cmz = 06+04.¥Y=06-04.0529=0,388=>04...x

Cmz = 0,4
_ _ NEd NEd
Koz = mz-| 14 (2.2 = 06) - o | < g o 1414 510
YM1 YM1
k,, = 04.| 1+ (2.047 — 0,6 262,429 <04.[1+14 L
2= 04.1 1+ (2.047-06). gge—o13g5g | = 04| 1+ 14. 435 213858
— 1,0 1,0

k,, = 0,419 < 0,479 ...k,, = 0,419
ky, = 0,6. k,, = 0,6.0,419 = 0,251

0,1.21, Ngq - 0,1 Ngg

k,,=|1- > | 1-
zy Cm,LT 0 25 XZ NRk Cm,LT 0 25 XZ NRk
YMm1 YM1
e 0,1.0,47 262,429 [ 0,1 262,429
zy ~ 095-025" 0,86.213858 | = "~ 0,95-—0,25" 0,86. 2138,58
1,0 1,0
kzy = 0,990 > 0,979 ...k,, = 0,979
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NEq My Eq M, Eq

_ o MyBd L _mBd g
Xy - Nrx YW Xur. My Rk Y2 Xur. My Rk
YM1 YM1 YMm1
262,429 . 9,589 . 0034 _
102. 213858 T - 0938, 19458 T V2>l 9938 9252 =1
1,0 1,0 1,0

0,17 <1,0 (program0,18<1,0)

NEgg My Ed M, Ed
_Bd L g wBd 2B 90
Xz - Ngk 27 Xur. My rk 22" Xur. MRk
YM1 YM1 YMm1
262,429 0979 , 0419 0034
0.86. 213858 © 277 0o3g. 19458 7 V417 Go3g o254 =L
1,0 1,0 1,0

0,19 <1,0 (program0,21<1,0)

5.3.7 DIAGONALY

Prierezové charakteristiky:

b =60 mm
t=3mm

A =661 mm?

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

Wpl,y = 14000 mm3

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

Trieda prierezu:

/235 /235
= —_—= e 1
€ fy 235 0

Pre trubkové profily Stvorcového tvaru plati
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60—6
=3 =18<33.£=33.1=33 - Ll.tfida

gl 0

.3.8 POSUDENIE NA TAH

Prat ¢ 1287 kz 53
Ngqg = 74,147 kN

Ned _ 19

Ntrd

N _Af 661.107°. 235100
t,Rd — Y1 - 1,0 - ,

74147

15533 ~

0,47< 1,0 ... vyhovuje

5.3.9 POSUDENIE NA VZPER

Prut € 1286 kz 77
Ngg = —85,287 kN
Lery = Lerz = 1,54 m (zaistené vaznicami)

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

Lery 1540
}\ = = = 66,67
Yooiy 231
Neda _ 1
Nora ~
Xy-A.fy 0,72.661.107%. 235.10°
Nprd = = = 111,84 kN
' YMm1 1,0
1 1

=0,72

Xy =Xz = =
[ 2 -2 0877+ 08772 0,712
by + b~ ’1y

¢, =05. [1 +ar(, —02) + ,Tyz] =0,5. [1+0,49.(0,71 — 0,2) + 0,712] = 0,877

_ _  |A.f, [661.1076.235.103
X,=1,= = =0,71>0,2

N,, 306,75

Nemozem zanedbat Ucinky vzperu

_m? E.I, m? 210 .10°. 351000.107"2

N.. = = = 306,75kN
cr Ler, y? 1,542

Ngq 85287 052 <10

Npra 111,84 77 =7

0,52<1,0... vyhovuje (program RFEM 0,77<1,0)
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5.4 VZPERKY

Prierezové charakteristiky:

b=90 mm
t=4mm

A =1330 mm?

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

W,y = 42600 mm?

Materidlové charakteristiky:

$235 (f, = 235MPa, f, = 360 MPa) ,
E=210GPa

Trieda prierezu:

’235 f235
= —_—= _—= 1
€ fy 235 0

Pre trubkové profily Stvorcového tvaru plati

c 90-8
=7 =20,5<33.6=33.1=33 > 1.t¥da
5.4.1 TAHANA DIAGONALA

Prut ¢ 1233 kz 94
Ngg = 28,636kN

N
Ed 21,0
N¢Rrd

A.f, 1330.107°. 235.10°

= 312,55 kN
YM1 1,0

Nt,Rd =

N
Ed <10
N¢Rrd

28,636
=1
312,55

0,09 < 1,0 ... vyhovuje
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5.4.2 TLACENA DIAGONALA POSUDENIE NA VZPER

Prit & 1233 kz 74
Ngg = —17,574kN
Lery = Lepy = 1,273 m

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

Ly 1273
}\ = = = 36,58

Y7 iy 348

Nea _ 10
Nbrd ~

Xy-A.fy 0,68.1330.107¢. 235.10°
Nprd = = = 212,53 kN
' YMm1 10
1 1

= 0,68

! ! 2 ‘ ) ) )

¢, =05. [1 +ar(, —02) + ,Tyz] =0,5. [1+0,49. (0,76 —0,2) + 0,762] = 0,93

_ _  |A.f, [1330.1076.235.103
X=1,= = =076 > 0,2

N, 544,84

Nemébzem zanedbat ucinky vzperu

_m? E.l, w2 210 .10°.42600.107"2

N.. = = = 544,84kN
T Ler,y? 1,2732

Ngq 17,574 008 <10

Npra 212553 7 =7

0,08<1,0... vyhovuje (program RFEM 0,48<1,0)
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5.5 STLP HEB220

Prierez: HEB 220

220.0

Prierezové charakteristiky:

h =220 mm \\\\\\\\\\\\\\\\\\\\\‘
b =220 mm i
N
tw=9,5 mm X
N
tr= 16 mm = N .
PN S y
r=18 mm ‘\
N
A =9100 mm? "
l, = 80900000 mm?*

I, = 28400000 mm* ' |
I, = 768000 mm®

lw = 295400000000 mm®

lw = 0,2954 . 1012

iy =94,4 mm

iz=55,9 mm

W,y = 828000 mm?

Wy, = 393881 mm3

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

G =81GPa

Trieda prierezu:

_ [s_ fes_
T Tz

Stojina:

cw=h—-2.t;—2.r =220—-2.16 —2.18 =152 mm
c 152

—=——=95

tw 16

95<726=721=72 - 1.tfida

Pasnica:
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_b-2r-t, 220-2.18-95

¢ = z z = 87,25
¢, 8725

L =" =545

tr 16

545<9¢=91=9 - 1.trida
5.5.1 POSUDENIE NA OHYB OKOLO OSY Y

Prut 373 — KZ72
My,ed = 22,234 kNm

Woiy-fy _828.107*.235.10°
Ymo 10

M pq = = 194,58 kNm

M

)
c,Rd

22.234

<1,
194,58
0,15<1,0... vyhovuje (program RFEM 0,11<1,0)

5.5.2 POSUDENIE NA OHYB OKOLO OSY Z

Prut 373 — KZ72
Mya = 22,234 kNm

Wory - fy _ 8,28.107%.235.103
Ymo 1,0

M, gq = = 194,58 kNm

M
_YEd 10
c,Rd
22.234
<10

194,58 —
0,15<1,0... vyhovuje (program RFEM 0,11<1,0)

5.5.3 POSUDENIE NA VZPER

Vzper okolo osy Y
Lery = 8,411m

h_ 220 1< 1,2 = krivka b 0,34 tab 1.9
—_= —= = = = .
5= 220 , rivka a , a

_ Lgy 8411
T 944

=891
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Xy - A. fy _ 0,627.9100.107°. 235.103
YM1 1,0
1 1

/ 2 1,08+ /1,082 — 0,952
¢y + ‘Pyz - Ay

¢, =05. [1 +ar(A, —02) + ,Tyz] =0,5. [1+ 0,34.(0,95 — 0,2) + 0,95%] = 1,08

- A.fy 9100.107°.235.103
NCT

Npra = = 1346,54 kN

Xy = = 0,627

2370,13

mébzem zanedbat Ucinky vzperu

_m? E.l, m? 210 .10°.80900000.10"*2

Nepy = = = 2370,13kN
Y Ler,y? 8,4112
Ngq 185,787 014 <10
Npra 134654 =7
0,14<1,0... vyhovuje
Vzper okolo osy Z
h_220 1< 1,2 = krivk 0,49 tab 1.3
—_ = — = = = = .
> =220 , rivkac = a =0, a
Xz- A.f, 0,28.9100.107°. 235.10°
NpRrd = = = 598,78 kN
YM1 1,0
1 1
Xz = 0,28

/ 2 212+ J2122— 162
¢Z + ¢22 - Az

0,5. [1 + ayr(Agy — 0,2) + /TZZ] =0,5. [1+0,49. (1,6 — 0,2) + 1,62] = 2,12

¢,

i Afy 9100.10-6.235.103_160>02
27 | Ny 832 S ’

Nemdzem zanedbat Ucinky vzperu

_ 2. E.l, _ 2. 210 . 10°. 28400000.10~12

N = = = 832 kN
&z Ler, z2 8,4112

Nea _ 271383 _ oo

Npra 59878 ~ ~~ 7

0,45<1,0... vyhovuje
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5.5.4 VPLYV KLOPENIA

Mygq = —38,179 kNm

Parameter kratenia

k, =1,0;L = 8411m
n |E.l, n 210.10°.2,954.10~7
Ky = = —— =10,373
k,.L |G.I ~10%8411, 81.10°.7,68.10~7

Z]:O

¢ =" [El_ g
I k,L |G,

Zg = 0,110m

_mz, |El, m.0,110 [210.10°.2,84.1075 0403
{g - kZL Glt h 1.8,411 81.10°. 7,68.10_7 =Y

Bezrozmerny kriticky moment

¢, =113
C, = 0,46
C; =0,53

C
Her = k_1 [\/1 + ke + (C28g — C385)* = (€285 — G30p)

1,13 _ _
Her == [V1+0,373% + (0,46. 0,403 —0,53. 0)% - (0,46. 0,403 — 0,53.0)|
Her = 1,015

Pruzny kriticky moment pri klopeni

nE.1,.G.1; 1015 n\/210.109. 2,87.107°. 81.10°.7,68.1077
_— *
L ’ 8,411

M., = 232,135 kNm

Mer = per

Pomerna stihlost

_ Wyiy-f, 8,28.10~*.235.106
1= [Zpyly =0,916
LT j M., 232,135

h 220
5 = 520 =1<1;2 = krivka klpopenia a = a;r =0,21 tab1.8

érr =05(1 + ayr(A4r —0,2) + A7) =0,5.(1 +0,21.(0,916 — 0,2) + 0,916%) = 0,995
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1 1

Xt = = > == 0,723
bur+ [ o2, — 2, 0995 +4/0,995% — 0,916

Navrhové hodnoty Unosnosti:
w, 0,723.8,28.107*.235.103

Mypq = 2oty Sy _ = 195,1 kNm
yMO 1'0

Mygq _ 38179 _

Mora — 1951 = 020<1

5.5.5 POSUDENIE NA KOMBINACIU OHYBU A TLAKU

Prit & 321 — KZ89
Ngg = —177,570kN
Mygq = —38,179 kNm
M,pq = 2,466 kNm

Navrhové hodnoty Unosnosti:

A.fy 91. 1073. 235.10°

Npy = = 21385 kN
kd Ymo 1,0 . 5
W.,.,.f, 828.107%.235.10
My pq = —22 Jy _ — 19458 kNm
’ Ymo 1,0
W,,, . 3938, 10~%. 235.103
M,y = —2Z Iy _ = 92,54 kNm
P Ymo 1,0

Kamil Trunek

Vhitini sily - My [kNm]

Vnitini sily - Mz [kNm]

177570 kN
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lentného konstantného momentu
Mp,y = —38,179 kNm
WMy, = —29,273 kNm

29273
T 38,179

-1<s¥ <1

= 0,767

-1<0,767 <1... vV

Cmy = 0,6+0,4.¥=0,6+04.0767=0,907 204... V

- Ngg Ngq
Kyw= Cov.| 1+ (2, — 02). —=— | < cpy .| 1+08. ——
vy my ( y ) v NRk my Xy - NRi
YMm1 YM1
kv = 0,907.| 1+ (0,95 — 0,2 177,570 < 0907 .[ 1+08 177570
yy = 09071 1+ (0.95-0.2) . germ—13g5g | = 0907 .| 1+08. grm—13gs
1,0 1,0

kyy = 0,997 < 1,003 ...k, = 0,997

Sucinitel C,y,, ekvivalentného konstantného momentu

My, = —5,738 kNm

- M
l'I"Mh,z 2,466 kNm I\ 1_|_;]\,|
Wy

Cmz=06+04.Y=06-04.0429=0428=04...X

_ _ NEd NEd
Kzz = Cmz-| 1+ (2.1, — 06). o N | S Cme 1+14. % Naw
YM1 YMm1
k,, = 0428.| 1+ (2.1,6 — 0,6 177,570 <0428 .|1+14 __177570
22 = 0428.1 1+ (2.16 - 06) . gog—73geg | = 0428 .| 1+ L4. gog—aag=g
T 10 Lo

k,, = 0,758 < 0,606 ...k,, = 0,606
ky, = 0,6. ky, = 0,6.0,606 = 0,364
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0,1.1 N 0,1 N
ka =[1- z . Ed > 1— . Ed
Cm,LT - 0,25 Xz- NRk Cm,LT - 0,25 Xz - NRk
YMm1 YMm1
N 01.1,6 177,570 > [, 0,1 177,570
zZv =\~ 095-0,25" 0,28.213858 | = ©0,95-—0,25" 0,28. 2138,58
1,0 1,0

key = 0,932 > 0,958 ...k, = 0,932

NEgg N My Ed M, Eq <10
Xy - Nrk Y Xur. My Rk Y25 Xur. Mgre — 7

YMm1 YM1 YMm1

177,570 0997 38,179 0364 2,466 <10
0627. 213858 © 2?7 0723 19458 T V9% 07239254 =1
1,0 1,0 1,0

041 <1,0 (program0,34<1,0)

NEgg My Ed M, Ed
—_— + k,, . ———— ,—=——<1,0
Xz - Ngk 27 Xur. My rk 227 Xur. MyRrk

YMm1 YM1 YMm1

177,570 0932 38,179 0606 2,466 <10
0,28 . 2138,58 +0,932. 0,723.194,58 + 0,606 0,723.92,54 =

1,0 1,0 1,0

0,57 <1,0 (program0,42<1,0)

5.6 VAZNIiK HEB280

280.0

Prierez: HEB 280
Prierezové charakteristiky:
A = 13100 mm?

ly = 192700000 mm*

280.0

I, = 65900000 mm*
ly = 1440000 mm*
lw = 1130000000000 mm®

lw = 10,2954 . 10*?

iy=121mm -

i,=70,9 mm
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W,y = 1534000 mm?

Wi, = 717572 mm?

Materialové charakteristiky:

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

E=210GPa

G =81GPa

Trieda prierezu:

Stojina:

cw=h—-2.t;—2.7r =280—-2.18—-2.24 =196 mm

cw 196 1867
t, 105

18,67 <726 =721=72 — 1.tfida

Pasnica:

_ b—2.r—t, _ 280 —2.24 - 10,5 — 11075
= 2 = 2 -
¢ 110,75
- = =6,15
tr 18

6,15<9¢=9.1=9 - 1.trfida
5.6.1 POSUDENIE NA OHYB OKOLO OSI Z BEZ KLOPENIA

Prut 302 — KZ98
M, eq = -8,448 kNm
M

~zEd <1,0
Mc,Rd

Wplz - fy B 1,534.1073. 235.10°
YMo 1,0

Mcrd = Mpirdz = = 360,49 kN

M,pq _ 8448
Mpira, 360,49

=0,02<1,0

5.6.2 POSUDENIE NA OHYB OKOLO OSI Y BEZ KLOPENIA

Prut 699 — KZ61
My,ed = 39,637 kNm

M
<10
c,Rd
Wply - fy _7,17.107*. 235.10°

YMo 1,0

M¢Rrd = Mpiray = = 168,495 kN

Mygq _ 39,637
Mpiray 168,495

=024<1,0
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0,24<1,0 ... vyhovuje

5.6.3 POSUDENIE NA SMYK:

Navrhova hodnota Smykovej sily:
Prut €. 704 KZ69

Vyga = 34,729

A, = A —2btf + (t, + 2r)t; = 13100 — 2 280 * 18 + (10,5 + 2 = 24) 18 = 4073
A, = 4073 mm?

_Ay(fy /V3) 4073 (235 //3)

V. = = 552,613kN
yPLR Ymo 1,0
VyEd 34,729
=2 = =0,06<1,0
Vyplra 552,613
0,06 < 1,0 ... vyhovuje
5.6.4 POSUDENIE NA PROSTY TLAK
Prut 181 — KZ69
Ngq = —218,251 kN
N
Ed 21,0
Nc,Rd
N A.f, 131.107%. 235.10° 3078 kN
C,Rd - YMO - 1’0 -
N
Bd _ 218,251 <1
Ncrd 3078
0,0,7 <1,0... vyhovuje
5.6.5 POSUDENIE NA PROSTY TAH
Prut 181 — KZ69
Ngq = 287,403 kN
N
Ed < 1,0
Nc,Rd
N = A.f, 131.107%. 235.10° 3078 kN
C,Rd - YMO - 1,0 -
Npa _ 287,403

= <10
Ncrd 3078
0,09 <1,0... vyhovuje
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5.6.6 POSUDENIE NA KOMBINACIU TLAKU A OHYBU

Prit & 702 — KZ 81
Ngqg = —214,182kN
My ga = —37,506 KNm

M,gq = —0,969 kNm
Vzper okolo osy Y
Lery = 3,022m
h_ 280 1<1;2 = krivkab 0,34 tab 1.3
-_= —= ; = = = .
b 280 ; Trivka a , a

Lery 3022
}\ =Y = =

Yooy 121~ 2497
N
B < 1,0
Np,rd
Xy-A.f, 0977.13,1.1073. 235.103
Npra = = = 3007 kN
YMm1 1,0
1 1

Xy = = 0,977

B f — 0,546 + /0,546% — 0,2652
¢y + ¢y2 - )ly \/

0,5. [1 +ar(A,—02)+ ,Tyz] =0,5. [1+0,34.(0,265 — 0,2) + 0,2652] = 0,546

P Afy 13,1.10-3.235.103_0265>02
Y I Ny o 43733 - ’

Nemdzem zanedbat Ucinky vzperu

s
<
I

N - n? E.l, m? 210.10°.1927.107*
Y Ler,y? 3,0222

Npg _ 214,182

Npra 3007

= 43733kN

=007 <1,0

0,07 <1,0... vyhovuje

Vzper okolo osy Z

h—280—1<12:>k'k = a=049 tab1l.3

> =580 = , rivka c a=J0, ao 1.

Xz- A.fy  0,6.13,1.1073 . 235.10°
YM1 10

Npra = = 1847,1 kN
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1 1
= 0,6

X = =
‘ b+ /¢ 2_ 72 108+ /108 0,907
Z Z Z

¢, =05. [1+ (T —02)+ 1,°| = 05. [1+0,49(0,907 - 0,2) + 0,907%] = 1,08

P A.f,  [13,1.1073.235.106 0907 > 02
7 | Ny 3739000 o ’

Nemédzem zanedbat Ucinky vzperu

_m? E.l, m? 210.10°.6,59.107°

N.. = = = 3739 kN
&z Ler, z2 6,0442

Ngq 214,182 012 <10

Npra 18471 ° 77

0,12<1,0 ... vyhovuje

Parameter krutenia

k,, = 1,0;L = 3,022

e n |El, i 210.109.1,13.10-6_148
WE k. L |G I, T 1,0%3,022 | 81.10°.1,44.10°6 =

Zj =0
nnz; |EI
= k_f ’_Z =0
L |Gl
Zg = 0,140m

_mzg [El, m.0,140 [210.10°.6,59.1075 Lo
C k, L |GI, 1.3,022 . 81.109.1,44.10"6¢

Bezrozmerny kriticky moment

¢, = 1,13
C, = 0,46
C; =0,53

C
MHer = k_1 [\/1 +kipe + (CZ(g - CB(J')Z — (C26g = C365)

1,13
Her == [\/1 +1,48% + (0,46 . 1,595 — 0,53. 0)2 — (0,46. 1,595 — 0,53 .0)]
Uer = 1'35

Pruzny kriticky moment pri klopeni
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nyE. 1,.G. I, 135 1'[\/210.109. 6,59.107>. 81.10°.1,44.10°6
_— *
L ’ 3,022

M, = 1783 kNm

Me, = per

Pomernd stihlost

_ ,Wl f 7,17 .10%4.235.106
A= |22 = = 0,307
LT M., 1783000

h 280 . )
5= 1280 1< 1;2 = krivka klpopenia a = a;r = 0,21 tab 1.8

¢ur = 0,5(1 + ayr(Ar —0,2) + A7) = 0,5.(1 +0,21.(0,307 — 0,2) + 0,307%) = 0,558
1 1

AT = / 0,558+ 0,587 — 0,307
bir + iy —Afr ’ ’

Navrhové hodnoty Unosnosti:

= 0,976

Xur Wy fy  0,976.7,17.107*.235.10°

Ymo 1'0

Myga _ 37,506
Mp Rrd 164,45

My ra = = 164,45kNm

=023<1

Prat &. 702 -~ KZ 81

Ngg = —214,182kN
My ga = —37,506 KNm
M,gq = —0,969 kNm

Navrhové hodnoty Unosnosti:

A.fy 131 .1073. 235.10°

Ymo 1,0

Wpl,y .fy _ 7,17.107%.235.10%
Ymo 1,0

Wpl,z .fy _ 1,5. 1073, 235.10°

Ymo 1,0

Ngg = =3078,5 kN

MY,Rd = = 168,495 kNm

MZ,pl,Rd = = 352,5 kNm
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My, = —37,506 kNm
WMy, = —19,667 kNm

—19,667
-37,506

-1<¥ <1

Y =

= 0,524

-1<0524<1..V

Cmy = 0,6 +0,4.¥=0,6+0,4.0524=0,807=04... v

= 1 Ned Ngg
Koy = omy-| 14 (= 02). R < emy - 1408 R
Ym1 YMm1
k,, = 0,807 . 1 0,265 — 0,2 —214’182 < 0807 .1 1+0,8 214,182
yy — % . +(r - r)- 0,9773078,5 = VU, . + , m
1,0 — 10

kyy = 0,811 < 0,53 ...k, = 0,811

Sucinitel C,y,, ekvivalentného konstantného momentu
My, = —2,691kNm
WMy, = —0,969 kNm
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_ —0,969
T —2,691

-1<s¥ <1

= 0,360

-1<036 <1...V

Cmz= 06+04.Y=06+04.036=0,744>04...V

_ - Nggq NEq
kZZ— Cmz-| 1+ (Z.AZ— 0,6) m < Cpg | 1+1,4. m
YM1 YMm1
k. = 0744 .| 14 (2.0907 — 0,6) . ——2182 V004 (1414, 21%182
2= 0744.[ 14 (2.0907 = 06) . ge=357g5 | = 0744 .| 1+ 14. 5575+
1,0 1,0
k,, = 0,848 < 0,865 ...k,, = 0,848
ky, = 0,6. ky, = 0,6.0,848 = 0,509
0,1.2 N 0,1. N
ka - 1= z . Ed > 1— . Ed
Cmir — 0,25 Xz- Nri Cmrr — 0,25 Xz- NRk
YMm1 YMm1
. 01.0907 214182 ) _ [ 0,1 214,182
v~ \ " 095-025 06.30785 )= |~ 095-025" 06.30785
1,0 1,0
kyy = 0,985 = 0,983 ...k,, = 0,983
NEgg My Ed M, Eq <10
Xy - Nrk YW Xur. My Rk Y25 Xur. Mgre — 7
YMm1 YMm1 YMm1
214,182 0811 37,506 0509 0969
0977. 30785 + U9 G976 168405 T VY7 0976 3525 =
1,0 1,0 1,0
0,26 <1,0 (program0,16<1,0)
NEgg My Ed M, Eq
__Bd g yRd 2B 210
Xz - Nrk 2 Xur. My ri 22" Xur. Mzrk
YM1 YM1 YMm1
214,182 0,083 37,506 0848 0969 _
06.30785 T 793 5976 168405 + U9 G976 3525 =1
1,0 1.0 7.0

034 <1,0 (program0,23<1,0)
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6 POSUDENIE NA MPS

Maximalne hodnoty priehybov boli vypocitané programom RFEM

6.1 ZVISLE PRIEHYBY

6.1.1 VAZNICA

o=21,4mm Hodnoty ptrevzaté z programu Dlubal RFEM
L 5000

Olim = 500 = 200 — 25mm

0 < Oiim

21,4mm < 25mm

6.1.2 OBLUK

Horny pas oyp = 24,4mm
Dolny pas opp = 23,4mm
Omax = {0up.0pp } = max{24,4;23,4ymm = 24,4 mm

o< Olim

_ L _ 45800 _ .,
Umax_zso— 250 = ,amm

24,4mm < 183,2mm
6.2 VODOROVNE PRIEHYBY

6.2.1 PAZDIK

o=22,1mm Hodnoty prevzaté z programu Dlubal RFEM
L5932 237

Jum =750~ 250 MM

0 = Olim

22,1mm < 23,7mm

6.3 STLP

o =269 mm Hodnoty prevzaté z programu Dlubal RFEM
L 16800_672

Jum =350~ 250 _ O

0 = Oiim

26,9mm < 67,2mm
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7 SPOIE

vybrané spoje boli postidene ru¢ne na zdklade vnutornych sil vypocitanych programom RFEM

7.1 PRIPOJ VAZNICE K HORENEMU PASU VAZNIKU DETAIL 1

Prat & 1032 KZ 69
Nepa = 50,427 kN
V,ea = 7,364kN

V,

Ed = 0,726 kN

Feq = |Nega® + Vypa® = /50,4272 + 7,3632 = 50,96 KN

Feq 50,96
Fyed = 5 =3 = 25,48 kN
2x M16, 8.8

Nrk udavana vyrobcom 68,7 kN
fup = 800 MPa

fyp = 640 MPa

d =16 mm

dy = 18 mm

Ag = 157 mm?

minimalne roztece Srébov
ee=12.d,=12.18 =21,6mm - 25mm
e;=12.d,=12.18 = 21,6mm - 25mm
pr=24.d,=24.18=43,2mm - 45 mm
Ndvrhova unosnost v strihu

n o,. fyp.As  1.0,6 .800. 157.1073

F = = = 60,288 kKN
V,Rd YMZ 1’25

F
v Ed <10

Fv,Rd

Fypq 2548
— = =042 <£1,0

Fera 60,288

0,42<1,0... vyhovuje
Navrhova anosnost v otlaéeni

ky = '{28 2 171422 17-25}— '{28 2 17142 17-25}
1_mln ) -do IRV ) -do 11y &y =min ] 18 21y 4 18 1l &y
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= min{2,18; 1,8;2,5} = 1,8
pozn.: pri splneni podmienok pre doporucené rozteCe plati ze k; = 2,5

25 45
3.18°3.18

€& DN
3.d, ' 3.d,

ag = min{ — 0,25;} = min{ — 0,25;} = min{0,46; 0,58} = 0,46

sucinitel ay,

. fub . 800 .
a, = mm{ ag ;f—; 1,0} = min {0,46; %; 1,0} = min{0,46; 2,22;1,0} = 0,46
u

ki.ap. fu. d.t_1,8.0,46.360 .16. 8
ym, B 1,25

Fb,Rd = 30,523KN

Fyra =

F
v Ed < 1'0
Fp ra
F 25,48
v.Ed _ =083 <1,0
Fpra 30,523

0,83<1,0... vyhovuje

Posudenie zvaru uholnik na prilozku
Navrh zvaru:

a= 4mm

Amin = 3 mm

Anax = 1,1 . tmin = 1,1.8=8,8mm
Amin < @ = Gmax

3mm<4mm <8,8mm

Ly=70—-2.a=70-2.8=>54mm

BW = 0,8
f. = 360 MPa
_ Nga _50427.10° _ 11673 MP
U oA L, 2.4.54 7 .
_ Veq  7,364.10° 1705 Mp
%= 4al, 2. .4.54 " ¢
% _ 17.05 12,06MP
T, =0 =——= = , a
1 1 \/'2— \/'z
09.f, 0,9.360
o, = = = 259,2 MPa
YMm2 1,25

12,06 < 259,2 MPa

Zrovnavacie napatie vo zvare
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u
\/UJ_2+31J_2+3‘["2§ _Ju
pw * ym,
J12,062 +3.12,062 4+ 3. 116,732 < _ 360
' ’ ’ = 08. 1,25

203,61 < 360 MPa

7.2 MONTAZNY SPOJ HORNEHO PASU — DETAIL 2

Spoj montaznych dielov D1 a D2 (vazba ¢ 6) prut 1886
Kz61

(spoj je pouzity na vSetky montdzne spoje HP)
Ngg = 179,866 kN

Myeqa = 7,588kN

Vzea = 9,945kN

Navrh Srébov 4x M20 - 4.6

navrhova pevnost v tahu 70,6 kN

fup = 400 MPa

fyb = 320 MPa

d =20mm

dy = 22 mm

Ag = 245 mm?

Navrh plechov P10 S235

minimalne roztece Srébov - skutolné
eg=12.d,=12.20 = 24mm - 30mm
e;=12.d,=12.20 = 24mm - 30mm
rn=24.d,=22.20 =44mm - 200 mm
P, =24.d,=24.20 = 48mm - 200 mm

Posudenie unosnosti v strihu

. fyp . Ag 0,6 . 400.103 . 245.10°6
Fopg=n. —227S — 4, — 188,16 kN
' YM2 1,25
F
VEd - 10
Fyra
F 9,945
VEd _ =005 < 1,0
Fyra 188,16

0,05<1,0... vyhovuje
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Posudenie unosnosti v otlaceni

k, = '{28 °2 _17.14 P2 1725}— '{28 30 1,7:1,4 200 1725}
]__mln l-do Jyl-do 1y &y =mn 122 PIP'22 10y &y

= min{2,18; 11,02;2,5} = 2,18
pozn.:pri splneni podmienok pre doporucené roztecCe plati ze k; = 2,5

30 200
3.22°3.22

&1 DN
3.d, '3.d,

ag = min{ — 0,25;} = min{ — 0,25;} = min{0,45; 2,78} = 0,45

sucinitel ay,

fub ) 800 )
—_— 1,0} = min {0,45; —_— 1,0} = min{0,45; 2,22;1,0} = 0,45

% = mm{ad; f, 360

ki.ay. fu.d.t_ 218.045.360 .20. 10
ym, o 1,25

Fyra = 226,02 KN

Fb,Rd = 4‘ .

F
v Ed <1,0
Fp ra
F 9,945
v.Ed _ =0,04<1,0
Fpra 226,02

0,04<1,0... vyhovuje
Posudenie unosnosti spoja v tahu s vplyvom pacenia zjednoduseny postup
(posudenie s vplyvom pacenia podla €SN 73 14 01)
Najmensia hrabka dosky, pri ktorej nedéjde k paceniu
b.d? 30. 202

=43.3 |—=—=317mm

te=43. 3
€ 30

t<te
10 < 31,7 — nastava pacenie
Navrhova sila Fy rq v Srobe sa zvysuje sucinitelom pacenia y,,

ted3 —¢3 31,73 — 103

Yy = 1,39

Yp - Frpa1 = 1,39. 179,866 = 250,01KN < 4. Fypqq =
250,01 < 4. 70,6

250,01 < 282,4KN

0,88<1,0... vyhovuje
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posudenie zvaru medzi hornym pasom a €elnou doskou
Navrh zvaru:

a=4mm

Amin = 3 mm

Anax =11 . thin=11.5=55mm
Amin < A4 < Apax

3mm<4mm <55mm
L=4.b=4.140 = 560mm
A=L.a=560.4 = 2240 mm?
Ngg 179,866 .103

TJ_=O'J_=\/2_.A =~ .2240 = 56,78 MPa
Vea  9,945.103
W= g [T 2560 _ B8MPa
Zrovnavacie napatie vo zvare
\/alz +37,°+37° < W
/56,782 +3.56,782 + 3. 8,882 < 300
0,8. 1,25

114,6 < 360 MPa

7.3 PRIPOJENIE DIAGONALY K DP — K — STYCNIiK DETAIL 3

uzol €. 1007 — KZ 65

Noga = 263,792kN

Ngg1 = 40,136 kN (zodpovedajica) max tah 93,728 tlak 91,45
Ngg2 = —49,391kN

Mogq = —0,165kN

6, = 6, = 51°

Podmienky:

1)

02<—<1,0

02<——<10

02<05 <10
2)
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140
10 < = < 50

10 < 28 < 50

3)

10 —
t
0
10S3—S 50

10 < 23,3< 50

d;
i
7

4)

g=t + ¢t

29> 3 +3

29> 6

Sty¢nik vyhovuje vietkym kritériam — posudzujem len na vybrané pripady z tabulky
7.2 CSN EN 1993-1-8

7.3.1 PORUSENIE POVRCHU PASU

Porusenie povrchu pasu — sty¢niku K s medzerou nebo prekrytim

Tab. 4.3 Navrhové osové unosnosti zvarovanych styénikov z trubiek

ko . Ky . foo -to? d K
g°p yo 0 a; ) kK
_ ST S (18+102. g = o
1,Rd Y % y-.stE . ’ I‘
sin @, == ||
Narda = sind, NiRrd a0 7.271:5'_" — v; ,;\\_F, ‘_ =
29 :
9 _ s
ty 5
_do _ 140 _
Y=o, 25
Obr. 46 Soucinitel k, pro pouziti v tab. 4.3
kg = 2,0
kpy=1-03.n,. (1+n, )=1-03.0,29.(1+0,29) =088 < 1,0
Ip,Ed 69,6
y0 235
n, = = = 0,29
P YMj 1,0

napatie v pase vo stycniku

o Npea , Moga _ 180,45, 10_3+ 0,165. 1073
PEET Ay T W  2640. 1076 ' 132000. 1079

NpEed = Nogd — 2 Njgq.cos8; = 236,792 — ((40,136.cos51) + (49,391 .cos 51)) = 180,45 kN

= 69,6 MPa
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2,0.0,88 . 235 .52

70
(184102 . 175)

Ny rd = sin51 . 1073 = 91,822kN
Ymj
Nppg = o001 gm0 51 822 = 91288 kN
2Rd™ 5ing,  YRAT §in51 T I
N
Bd1_ g
N1rd
Nga: 40,136
Z =044 <1,0
Niga 91,288
0,44 <1,0... vyhovuje
N
BdZ _ 1
N2 rd
N 49,391
EdZ _ =054 <1,0
Nyra 91,288

0,54<1,0... vyhovuje

7.3.2 PORUSENIE PRELOMENIM SMYKOM

dl S do - 2 .to
70 <140-2.5
70 <130
f 1+sin0
~o o 2 T 5IYg
NG ty.m.d; 2 sing,?
Nira =
Ymj
235 g5 q.70 1dsinol
V3 2.sin51 _3
Nird = NyRrqa = . 107> = 219,49kN
’ ’ 1,00
N
Ed1 _ 10
N1 Rra
N 40,136
Ed1 _ —018<10
Nira 219,49
0,18 <1,0... vyhovuje
N
Ed2 _ 10
N3 rd
N 49,391
EdZ _ =023 <1,0
Nopa 219,49

0,23<1,0... vyhovuje
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7.3.3 POSUDENIE ZVARU DIAGONALA - DP

Navrh zvaru:

a= 4mm

Amin = 3 mm

Anax =11 . thin=11.5=55mm
Amin < 4 < max

3mm<4mm <55mm

Ly=70-2.a=70—-2.4=62mm

ﬁW = 0'9
fu = 360 MPa
_ Npq.cos® 49,391 .103. cos51 _ 3133 0P
S 2 a L,  4.4.62 OV ¢
_ Ngg.sin® 49,391.103 .sin 51 3869 MP
%= 4al, 4.4 162 7 4
% _ 3889 7 ssmp
T, =0 =—= = ) a
1 1 \/2— \/f
09.f, 09.360
o, = = = 259,2 MPa
YMm2 1,25
27,55 < 259,2 MPa
Zrovnavacie napatie vo zvare
2 2 2 < fu
\/aJ_ +37,° + 37" < Bw *yim,
V27,552 +3.27,552+3. 31,332 < _ 360
' ' 7709, 1,25

77,34 < 320 MPa



VUT v Brné Staticky vypocet Kamil Trunek

8 KOTVENIE

8.1 KOTVENIE K1 CAPOVY SPOJ

Uzol 322 KZ 46
Tlak: ~ Rx=-29,206 kN

Ry = -43,078 kN
Rz = 261,01 kN _
—
i E\
Tah:  Rx=-51,486 kN WP, Fa (e
F. | DN
Ry = 20,572 kN B ;
Rz = -198,881 kN ?
|
8.1.1 POSUDENIE CAPOVEHO SPOJA "*F—“J i T
Ed Ry
Navrh ¢apu
d=50 mm

A= m.r?= 1.25% =1963 mm?
$235 (f, = 235 MPa, f, = 360 MPa)

Geometrické poZiadavky

,FEd. Varo 261,01. 1,0 )
t = 0,7 T = 0,7 W = 0,023 = navrht = 30mm

d, <2,5.t=2,5.30=75mm = d, =52mm

Frq.
a> Ed - YMo
fy
Fea.Ymo 2.do 261,01.103.10 2.52
> + = + = 53,18 = ndvrha = 55
=2y T3 2.30 . 235 3 navr @ = oo mm
Frg . d 261,01. 103. 1,0 52
CZEd—yMO+—0= +— = 35,84 = ndvrhc = 66 mm

2.t.f, 3 2.30 . 235 3

8.1.2 UNOSNOST CAPU V STRIHU

e @ fu A 06 360.10% . 1963.107% 33921 kN
v,Rd — YMZ - 1,25 - )
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Fypa _ 261,01
Fyra 33921

=077 £1,0

0,77<£1,0 ... vyhovuje

8.1.3 UNOSNOST SAMOTNEHO STYCNiIKOVEHO PLECHU V OTLACENI

15.f,.d.t 1,5. 235.10°.0,05. 0,03

Froq = = 528,75 kN
bRd YMo 1,0

F
Ed <10

Fprd

Fgg _ 26101 _ o o

Fpra 52875 =~

0,49<1,0... vyhovuje
8.1.4 UNOSNOST DVOIJICE STYCNiIKOVYCH PLECHOV V OTLACENI
Fgqs =0,5. Fgq = 0,5.261,01 = 130,51

15.f,.d.t 15. 235.10°.0,05. 0,02
YMo 1,0

Fb,Rdl = = 352,51(N

Frar _ )
Forar =~
Fgar _ 130,51

Fprar 3525

=037 £1,0

0,37<£1,0... vyhovuje

8.1.5 UNOSNOST CAPU V OHYBE

5. £ W, 15.360.10% .. 15, 360.10°6 730
= 22 ubr el 7 32 _ 2_— 6,63kNm

Rd = Yo - 1,0 1,0
261,01

F
Mgg = TEd.(t +4.t) + 2.t = .(0,03 +4.0,005 + 2.0,020) = 2,94 kNm

M

Ed <10
Rd

Mg 2,94

Mpq 6,63
0,44<1,0... vyhovuje

=044 <10

8.1.6 UNOSNOST NA KOMBINACIU STRIHU A OHYBU

2

[MEd]Z [FV,Ed
+
Mgy

<10
Fy ra
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[2,94]2 [261,01 2
6,63 339,21

0,20<£1,0 ... vyhovuje

<10

8.1.7 NAVRH STYCNIKOVEHO PLECHU

P18 5235 A
A= 2.t.c+ dy.t=2.20.66+52.20 = 3680 mm?
Aper = 2.t.c =2.20.66 = 2640 mm?

P30 5235

A= 2.t.c + dy.t=2.30.66+52.30 =5520mm?
Aper = 2.t.c =2.230.66 = 3960 mm?

8.1.8 UNOSNOST V TAHU

Plech P18:
0,9. Apet-fy 0,9 . 2640.107%. 235.103
Nipg = = = 446,69 kN
! YMZ 1,25
Plech P30:
0,9. Apet-fy 0,9 . 3960.1076. 235.103
tRd = = = 670,03 kN
! YMZ 1,25
N
Ed 210
N¢Rrd
Ngq 198,881 045 <10
Nira 446,69 0 7

0,45<1,0... vyhovuje
8.1.9 VZPERNA UNOSNOST PLECHU P18

Predpokladam roznos sily na Sirku b. posudzujem pruzok Siroky 1mm.

_ Ngg _ 261,01.10°
%Bd T ¢ T T 245.18
L =154 mm

Ley,=B.L =2.154 =308 mm

= 59,19 MPa

1 1
I;=—.t.b3=—.1.18% =486 mm*

12 12
, I, 486
ly = K = 1—18 = 5,2 mm
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L, 308

A, = = =159,23
z i, 5,2
s_M_ M 5923
TN g, [210.10°
m. |z N235.10°
y

b, =0,5. [1 +a.(1,-02)+ ,Tyz] =0,5. [1+0,49.(0,63 —0,2) + 0,63%] = 0,80

1 1

Az = / " 0.80 + J080% — 0,632
—_ 2 —
¢z + ¢22 - /12 ' ' ’

Xz fy 0,77 .235.10°

=0,77

o = - — 181 MPa
R Y 1,0

%Ed ~ 10

ORd

o 59,19

L _ =033 <1,0

Orq 181

0,33<1,0... vyhovuje

8.1.10 STYCNIKOVY PLECH- V PATE VAZNIiKU

Priestor medzi plechmi je 30mm. Nie je dostatocny priestor na prevedenie kutového zvaru.
navrhujem tupy plne prevareny zvar tvaru pol V

8.1.11 STYCNIKOVY PLECH V PATE VAZNiKU HORNY PAS

Prat 1072 KZ52

Ngq = —215,473 KN 7,062KN

Vgqg = —3,211KN

Navrh zvaru:

a=4mm

Amin = 3 mm

Amax = 11 . tin =11.5=55mm
Amin < A4 < Amax

3mm<4mm <55mm

Ly =121-2.a=121-2.4=113mm
Bw = 0,9

fu = 360 MPa

_ Ngq  215473.10°
" 4.a.Ly  4.4.113

T" = 119,18 MPa



Staticky vypocet

VUT v Brné
_ Vea _T062.10°
“~4al, 4 4 113 > ¢
0. _3096.10°
T, =0, =—== —— =4, a
V2 V2
09.f, 009.360
oL = = = 259,2 MPa
YMm2 1,25

3,906 < 259,2 MPa
Zrovnavacie napatie vo zvare
L _fv
Bw *ym,
360
< -
—09. 1,25

\/alz +37,% + 37,

\/2,7622 +3.2,7622 +3. 119,182

206,5 < 320 MPa
8.1.12 STYCNIKOVY PLECH V PATE VAZNiKU DOLNY PAS

Prut 1843 KZ32
Ngqg = —106,027 KN
Veq = 3,773KN 1
"’// T - -/
Navrh zvaru: ST
a= 4mm / ‘»\r\\\/:‘///,/\"
@ = 3mm [/ /\j\//
min | @ B \:/i;//
Umax = 1'1 -tmin = 1p1 5= 5,5 mm \\v///, = >

aminsa Samax
3mm<4mm <55mm
Ly =121-2.a=121-2.4=113mm

BW = 0,9
£, = 360 MPa
_ N _106027.10°
T 4aL, 4. .4.113 % ¢
_ Vea _3773.00°
~4a.l, 4 4. 113 ° ¢
o _ 2086 1,475MP
T, = =—= —=1, a
1 1 \/2— \/7
09.f, 009.360
o, = = = 259,2 MPa
YM2 1,25

1,475 < 259,2 MPa
Zrovnavacie napatie vo zvare

Kamil Trunek
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\/UJ_2+3‘EJ_ +372 < f—u
T Bwrym,
J1,4752 +3.1,4752 + 3, 586482<ﬂ
09. 1,25

101,62 < 320 MPa
8.2 KOTVENIE PRIECNEJ VAZBY K1

Uzol 669 KZ 53

Tlak:  Rx=-29,206 kN
Ry =-43,078 kN
Rz =261,01 kN

Tah:  Rx=-83,834 kN
Ry = 0,030 kN
Rz =-26,504kN
Kotevné bloky z beténu C20/25
fea = 20 MPa
fex = 13,33 MPa
Podliatie MC20 hrabky 30mm
Plech S235
b; = 540 mm
d; = 350 mm
t =20 mm
8.2.1 POSUDENIE PATKOVEHO PLECHU

b; + 2b, 540+ 2. 150
. 3b, . 3. 540
= = = 4
b; = min by + h min 540 + 800 840 mm
dy + 2d, 350+ 2. 150
. 3d, . 3. 350 _
d, = min dy +h = min 350 + 800 = 650 mm

.d,  [840.650 _
~d, J540.350
K. fa 3 .1,70.20

F= = 18,13 MP
ja Ve 1,25 ¢
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=t Iy =20 235 =42
T 3 Fa vme © y3.1813.10

Nra = Aesr-Fjg = 80696.18,13 1073 = 1463 KN

N
—Ed 10

Rd
Ngq 261,01
_Ed _ =018 < 1,0
Npq 1463

0,18 <1,0... vyhovuje
8.2.2 POSUDENIE SMYKOVEJ ZARAZKY
Vyika:
Vea Via 83,834.103
Oc= 77— = hpin = =
Anot f.qa. b~ 13,33.100
h = hpin + Reoterancia = 63 +20 = 83 mm .... h =100 mm

= 63mm

hcelk = h + hpodliatie = 100 + 30 = 130mm
HEB100

Ay = 2.b.ty =2.100.10 = 2000 mm?
Ay. f,  2000.107°. 235.103

Volrd = = = 271,35 KN
PR 3 Yo V3. 1,0
V,
Bd <10
Vpl,Rd
Vea 83,834 031 < 1.0
Vpira 27135 0 T 7

0,31<£1,0... vyhovuje

8.2.3 POSUDENIE ZARAZKY NA OHYB

Mgq = Vgq.e = 83,834.(0,100/2 + 0,03) = 6,7 kNm
Wpiy - fy _ 104000.107°. 235.103

M, oy = — 24,44kN
P g 10 "
M

Ed <10

My ra
Mgqg 67

_EBd _ =027 <1,0

Myia 2444

0,27 <1,0... vyhovuje
8.2.4 POSUDENIE ZVARU ZARAZKY

Navrh zvaru:
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a=4mm

Amin = 3 mm

Anax =11 . tpin=11.10 = 11 mm

Amin < A4 < Apax

3mm<4mm <11mm

Ly = 100 —-2.10=100—-2.10 = 800 mm
Bw = 0,9

fu = 360 MPa

Npq _ 83,834.10°

= = = 131 MP
2a.L, 2.4.80 ¢

T

Moment zotrvacnosti zvarového obrazca

52— (=52))°
I, = [100.4. (( = ))+(—52)2

(52 — 52)2
+ [100. 4, (T>+ 522] =

= 216,3.103mm*
Iy 216,3.10°

oo 3
W = P 0 43260 mm
o _ 15488 _ o 52mp
T, =0 =—= = , a
1 1 \/2— \/E
09.f, 0,9.360
g, = = = 259,2 MPa
YMm2 1,25
_ Mea 67107 _ 154,88 MP
M= W T 13260.10° ¢
109,52 < 259,2 MPa
Zrovnavacie napatie vo zvare
u
\/O'_LZ + 3TJ_2 + 3T||2 < f—
Bw * ym,
360

109,522 +3.109,522+3. 1312 < —————
V109,522 +3.109,522 +3. 13 < 09 1%

315 < 320 MPa
8.2.5 POSUDENIE TLACENEHO BETONU

VEa

Opmc = ES fea

83834 _ 1333mp
100.100 = > @

8,338 < 13,33 MPa
8.2.6 POSUDENIE KOTEVNYCH SROBOV

4x M16, 8.8
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Nrk udavana vyrobcom 68,7 kN

f.p = 800 MPa
fyp = 640 MPa
ky, =0,9

d =16 mm
dy = 25,9mm
A =201 mm?
A = 157 mm?

Pri navrhu uvazovana len tahova sila, Smykové sily budu prenesené zarazkou

POSUDENIE NA TAH
Fgq 198,881

Fean= —— = 7 = 4972kN
K, . fup . A 0,9 . 800. 157.1073
Fira = = = 90,43 kN
YMZ 1,25
F
Ed,1 <1,0
Fira
Fpqa: 49,72
—=_—"—=055 <10
Fira 90,43

0,55<1,0... vyhovuje

8.3 KOTVENIE PRIECNEJ VAZBY K2

Uzol 418 KZ 81

Tlak:  Rx=-10,723 kN
Ry = -0,359 kN
Rz = 218,722 kN

Uzol 417 KZ 53

Tah:  Rx=-11,231kN
Ry = 11,548 kN
Rz = -234,352kN

Uzol 1346 KZ95 Uzol 418 Kz88
Smyk : Rx= 15,991 kN max Rx = 16,343 kN kz
max Ry =-50,295 kN Ry = 49,392kN

Rz = 164,589 kN tlak Rz = 165,882 kN tlak
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Kotevné bloky z beténu C20/25
fea = 20 MPa

fex = 13,33 MPa

Podliatie MC20 hrubky 30mm
Plech S235

b; = 500 mm

d; =500 mm

t =20 mm

8.3.1 POSUDENIE PATKOVEHO PLECHU

b, + 2b, 500 + 2. 150
o 3by | __ . 3.500 |_
b, = min by + h = min 500 -+ 800 = 800 mm
d, +2d, 500+ 2. 75
_ 3d, . 3. 500 _
d = do+h | =™ 5004800 | 620MM
X - .d, _ [800. 650 1
)7 |by.dy  500.500
K fo 3 .1,44.20
F., = = = 15,36 MP
jd Ve 1,25 ¢
235
c= Iy =45mm

—Y = 20. |——
3. Fiq - Ymo 3.1536.1,0

Nra = Aest-Fjg = 95397.15,36 1073 = 1465KN

NEgg

—<<1,0
Rd

Ngq 218,722 015 <10
Npq 1465 — 777 =7

0,18 <1,0... vyhovuje
8.3.2 POSUDENIE ZVARU - HEB 280 K PATNY PLECH P20
Navrh zvaru:

a= 4mm

Amin = 3 mm
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Amax = L1 .tymin = 1,1.10,5 = 11,55mm

Amin < A4 < Apax

3mm<4mm <11,55mm

zvar po celom obvode — Ly, =1098mm,L, = 524 mm
Bw = 0,9

fu = 360 MPa

smer y:

Vea _ 50,295.10°
a.Ly,  4.1098

_ Ngq  218,722.10° _ 3371 MP
%= WLy 4. (1098+524) > 4

o. 3371

T, =0, =—= = 23,84MPa
1 1 \/2— \/E

_09.f, 09.360
 ymz 125

23,84 < 259,2 MPa

T" = = 11,45 MPa

= 259,2 MPa

0y

Zrovnavacie napatie vo zvare

u
\/O'_LZ + 3TJ_2 + 3T||2 < f—
pw * ym,

V23,842 +3.23,842+3. 11,452 < _360
=~ 09.125

51,64 < 320 MPa

smer Z:

Veq _ 16,343.10°
a.Ly  4.524

_ MNea __218722.10°
%c = WL, 4.(1098+524) ¢

o, 33,71
T, =0, =\/—i= = 23,84MPa
2 V2
_09.f, 09.360
T e | 125

23,84 < 259,2 MPa

T = = 7,8 MPa

= 259,2 MPa

Zrovnavacie napatie vo zvare

360
23,842 +3.23842+3.782< —
V23847 + BT ©=09.1,25
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49,56 < 320 MPa

8.3.3 POSUDENIE SMYKOVEJ ZARAZKY

Vyska:
Ve Vea 50,295.103
Oc = = hpin = =
Aknot fea.-b  13,33.100
h = hpin + Reoterancia = 38 + 20 = 58 mm ... h =100 mm

= 38 mm

hcelk =h + hpodliatie = 100+ 30 = 130mm
HEB100

Ay = 2.b.ty =2.100.10 = 2000 mm?
Ay. f,  2000.107°. 235.103

Voird = = = 271,35 KN
PLR \/? Ymo \/§ 1,0
V,
Bd <10
Vpl,Rd
VEd _ 50,295

= =0,19< 1,0
Voira 271,35

0,19<1,0... vyhovuje
8.3.4 POSUDENIE ZARAZKY NA OHYB

Mgq = Vgq.e = 50,295.(0,100/2 + 0,03) = 4,02 kNm
Wpiy - fy _ 104000.107°. 235.103

Mo = — 24 44KkN
PR g 10 "
M

Ed 21,0

My ra

Mgq 4,02
- =016 < 1,0
Myipa 2444

0,16 <1,0... vyhovuje
8.3.5 POSUDENIE ZVARU ZARAZKY

Navrh zvaru:

a=4mm

Amin = 3 mm

Anax = L1 . thin =1,1.10 =11 mm
Amin < @ =< Amax

3mm<4mm <11lmm

Ly = 100—-2.10=100—-2.10 = 80 mm
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ﬁW = 0,9
£, = 360 MPa

_ Ngg _50,295.10°
 2.a.ly 2.4.80

Ty = 78,59 MPa

Moment zotrvacnosti zvarového obrazca

52— (=52))°
I, = [100.4. (( - ))+(—52)2

(52 — 52)2
+ [100. 4. (T) + 522] =

= 216,3.103mm*
Iy 216,3.10°

W=—=———=43260mm?3
z 50 mm
oy 92,93
TJ_=O'J_=\/—2_= 7 = 65,71MPa
09.f, 09.360
o, = = = 259,2 MPa
YM2 1125

 Mpg 402107
M= W T 23260.10°9
65,71 < 259,2 MPa

= 92,93 MPa

Zrovnavacie napatie vo zvare

V65,712 +3.65,712 + 3. 78,592 < _360
' ' 7 709. 1,25

183,74 < 320 MPa
8.3.6 POSUDENIE TLACENEHO BETONU

_ Vea

O-MC hbS de

0295 _ 233 mp
100.100 = > @

5,02 < 13,33 MPa
8.3.7 POSUDENIE KOTEVNYCH SROBOV

4x M16, 8.8

Nrk udavana vyrobcom 68,7 kN
fup = 800 MPa

fyp = 640 MPa

k, =09

d =16 mm

Ag = 157 mm?
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POSUDENIE NA TAH
Fgq 234,352

Feq1 = = = 58,59 kN
K, . fup, . Ag 0,9 . 800. 157.1073
Firq = = = 90,43 kN
' YMZ 1;25
F
Ed,1 <10
Fira
Fegq1 58,59
~=——=10,65<1,0
Fera 90,43
0,65<1,0 ... vyhovuje
8.4 KOTVENIE PRIECNEJ VAZBY K3
Uzol 386 KZ 89
Tlak:  Rx=0,416 kN
Ry = 14,251 kN
Rz = 187,249kN
Uzol 382 KZ 61
Tah: Rx=0,140 kN
Ry = 12,016 kN
Rz = -143,414kN
Uzol 1315 KZ58 Uzol 338 KZ81
Smyk : Rx= 0,455 kN max Rx = 1,208 kN kz
max Ry =-66,837 kN Ry = 55,914 kN
Rz = 90,165 kN tlak Rz =111,816 kN tlak

Kotevné bloky z beténu C20/25
fea = 20 MPa

fex = 13,33 MPa

Podliatie MC20 hridbky 30mm

Plech S235
b; = 400 mm
d,; = 350 mm

t =10 mm



VUT v Brné Staticky vypocet Kamil Trunek

8.4.1 POSUDENIE PATKOVEHO PLECHU

by + 2b, 400+ 2. 150
. 3b; . 3. 400 _
b, = min by + h = min 400 + 800 =700 mm
d1+2d 350+ 2. 150
. 3. 350 _
d, = min d1+h = min 350 + 800 = 650 mm

. dy _ [700.650
.d, .]400.350
K. f 3 .1,80.10

F= =S5 =96MPa

jd
_ 25 o
3. Fig- Va0 F]d Yoo 3.96.10 <™

Nrd = Aefr-Fia = 49921.9,6 1073 = 479 KN

N
—Ed 10

Rd
NEd_187,249_039<10
Nrqg 479 ~— 77 =7

0,39<1,0... vyhovuje
8.4.2 POSUDENIE ZVARU - HEB 220 K PATNY PLECH P10

Navrh zvaru:

a=4mm

Amin = 3 mm

Amax = 1,1 . tpin = 1,1.9,5 = 10,45 mm
Amin < A4 < Amax

3mm<4mm <10,45mm

zvar po celom obvode — Ly =860mm,L, =408 mm

BW - 0,9
£, = 360 MPa
smery.
_ Vea _66837.10°
ST L, 4.80 @
Ngg  187,249.10°
o, = = = 36,92 MPa

a.Ly 4. (860 +408)
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o 3692
T, =0, —\/—2_— T— 26,1MPa
09.f, 09.360
o, = = = 259,2 MPa
YMm2 1,25

26,1 < 259,2 MPa

Zrovnavacie napatie vo zvare

u
\/O'_Lz + 3TL2 + 3T||2 < f—
Bw *ym,

V26,12 +3.26,12+3. 19,432 < _ 360
=~ 09.1,25

62,1 < 320 MPa

smer z.

Veq _ 1,208.10°
a.lLy  4.408

_ MNea __187249.10°
%= WLy, 4. (860+408) " @

% _ 3592 _ o6 1mp
T, =0 =—= = 3 a
V2 2
_09.f, 09.360
oymz 125

26,1 < 259,2 MPa

T = = 0,74 MPa

= 259,2 MPa

0y

Zrovnavacie napatie vo zvare

2 2 2< fu
\/aJ_ +37,°+37° < —,Bw*ymz

V26,12 4+3.2612+3. 0,742 < _ 360
=~ 09.125

52,2 <320 MPa

8.4.3 POSUDENIE SMYKOVEJ ZARAZKY

Vyska:

Ved Vea 66,837 .103
A - hmin = =

knot fea- b 13,33. 100
h = hyin + Reoterancie = 50 + 20 = 70mm .... h = 100 mm

= 50mm

c

hcelk = h + hpodliatie = 100 + 30 = 130mm
HEB100
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Ay = 2.b.t; =2.100.10 = 2000 mm?
Ay. f,  2000.107°. 235.10°

Voo = - = 271,35 KN
PLRE 3 Yaro V3. 1,0
Y
Bd <10
Vbird
Vea _ 66837 _ .o
Voira 271,35 7T T

0,25<1,0 ... vyhovuje
8.4.4 POSUDENIE ZARAZKY NA OHYB

Mgq = Vgq.€ = 66,837.(0,100/2 + 0,03) = 5,35kNm

W, . . 104000.107°. 235.103
My pg = —2% Jy _ — 24,44kNm
’ Ymo 1,0
M
—Ed 10
My ra
Mgq 5,35
= =0,22<1,0
Mpipa 2444

0,16 <1,0... vyhovuje

8.4.5 POSUDENIE ZVARU ZARAZKY

Navrh zvaru:

a=4mm

Amin = 3 mm

Anax =11 .tyin =11.10 = 11 mm
<

Amin = a < Amax

3mm<4mm <11lmm

Ly = 100 —2.10 = 100 — 2.10 = 80 mm
Bw = 09

f. = 360 MPa

. Vea _ 60,837.10° 95.1 MPa

“2a.ly, 2.4.80

Moment zotrvacnosti zvarového obrazca

_ (=52 - (-52))*
I, = [100. 4. ( - + (=52)2

(52 — 52)2
+ [100. 4, (T)+ 522] =

= 216,3.103mm*

Iy 216,3.103
W=—=———=43260mm?3
z 50
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O _ 12367 o7 asmp

T, =0 =— = = , a

1 1 \/2— \/E

09.f, 09.360
o, = = = 259,2 MPa
YMm2 1,25
_ Mpa _ 535107 _ 123,67 MP
M= W T 43260.10° <7 4
87,45 < 259,2 MPa
Zrovnavacie napatie vo zvare
fu
\/alz +37,°+37° < oy,
360

2 ] 2 : P ot
V65717 +3.6571%+3. 78597 < so— o

183,74 < 320 MPa
8.4.6 POSUDENIE TLACENEHO BETONU

Vea
OMc = ﬁ < fea

06837 _ 1333 Mp
100.100 = > @

6,7 < 13,33 MPa
8.4.7 POSUDENIE KOTEVNYCH SROBOV

2x M16, 8.8

Nrk udavana vyrobcom 90,4 kN
fup = 800 MPa

fyp = 640 MPa

k, =09

d =16 mm

Ag = 157 mm?

POSUDENIE NA TAH
Frq 143,414

Fpa1 = = =71,7kN
Ed,1 2 2
— Ky. fup-As  0,9.800.157.107% 90.43 kN
RAT Ty 1,25 o
F
Ed,1 <10
Fira
Fpa: 717
— = =0,79<10
Fira 90,43

0,79<1,0... vyhovuje
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8.5 MONAZNE SPOJE VAZNiK HEB280

Stitovy vaznik je rozdeleny na do troch montéznych dielov, ktoré budu spojene tupymi zvarmi's plnym
prevarenim tvaru “"polV "’

SCHEMA ROZDELEMIA VAZNIKU NA MONTAZNE CELKY

M 1:250
MONTAINY DIEL 1 MONTAZNY DIEL 2 MONTAZNY DIEL 3
_________________________________ o P
o L L
L 15273 L 16097 15273 L
rd Fd A A A I
DEL1 -
)’II{ .\.\\



