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1 Model vysledné varianty

Vypoctovy model je vytvéen v programu Dlubal RFEM 5.04 jako 3D prutova
konstrukce. Podpory jsou kloubové v podélnéngrsina vetknuti v ficném sngru.

Horni pas vazniku je kloub&wloZen na sloupy.ipojeni dolniho pasu na sloupy je
kloubové, ale je povolen posun kigném sndru. Vypliové pruty jsou modelovany jako
piihradove, umakujici pisobeni pouze normalové sily N. Stejiitnpadové pruty jsou
pouZzity u podélného ztuzidla. Vaznice jsou kloubpkipojeny k hornim pésn

vazniki. Fripojeni pazdil na sloupy je kloubové rRné ztuzidla jsou modelovany jako
tahoveé pruty, spojeni se sloupy a hornimi pasy kaze kloubové. Sloupy Stitové

stny jsou spojeny s dolnim pasem vazniku klow®povolenim svislého posunu,

uloZeny jsou na kloubové podigo
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Obr. 1: model vysledné konstrukce
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Ve

2 Zatizeni

2.1 ZS1 — Vlastni tiha

Zatizeni od vlastni tihy je spiténo dle dimenzi jednotlivych priky softwaru Dlubal
RFEM 5.04.

2.2 ZS2 — Ostatni stalé zatizeni

StreSni plas je navrZzen ze &3Snich panélKingspan KS1000 RW tlotiBy 115 mm.
Sklada se z trapézovych pléch tepelné izolace.
Hmotnost panelu: 11,54 kgfm 0,115 kN/M

Oplaseni ze sknovych panel Kingspan KS1000 AWP tlotiky 100 mm.
Hmotnost panelu: 12,83 kgfm 0,128 kN/M

Zatizeni 9esSnim plagm na jednotlivé vaznice:

vaznice Zf;l'éiovaci zatizeni
Sitka [m] [KN/m]
1 1,254 0,144
2 2,513 0,289
3 2,523 0,290
4 2,528 0,291
5 2,530 0,291
6 2,528 0,291
7 2,522 0,290
8 2,513 0,289
9 2,499 0,287
10 2,482 0,285
11 2,461 0,283
12 2,436 0,280
13 1,211 0,139
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2.3 ZS3 — zatizeni séhem plnym

Mésto Kyjov se nachazi v Il ghové oblasti.
Tvarovy sodinitel zatizeni sehem
Souinitel expozice
Teplotni sodinitel
Charakteristickd hodnota zatiZzenélsam
S= My CeC S =08-10-"

ZS3
5=0,8 kN/m?

us = 0,8 (valcové sechy)
€10
G=10
&= 1,0 kN/nf
1,0-1,0 = 0,8 kN/m?

) &

b=30000

Obr. 4: schéma zatiZzeni pro ZS3

ZatiZzeni sthem plnym na jednotlivé vaznice:

vaznice zvab*iovaci zatizeni
Sirka [m] [KN/m]

1 1,254 1,003
2 2,513 2,010
3 2,523 2,018
4 2,528 2,022
5 2,530 2,024
6 2,528 2,022
7 2,522 2,018
8 2,513 2,010
9 2,499 1,999
10 2,482 1,986
11 2,461 1,969
12 2,436 1,949
13 1,211 0,969
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2.4 ZS4 a ZS5 - zatizeni sthem navatym - stav 1

Tvarovy sodinitel zatizeni sthem us = 1,25
Souinitel expozice €10
Teplotni sodinitel G=1,0
Charakteristick&d hodnota zatiZzenélsem &= 1,0 kN/nf

Sa= 0511, Co e s = 0,5-1,25-1,0-1,0- 1,0 = 0,625 kN/m?
Sp = My " Ce* Ce Sk =1,25-1,0-1,0-1,0 = 1,25 kN/m?

RozloZeni zatZovacich obra4cje uvaZzovano veech polohach jako na nasledujicim

obrazku.
'milm
L ls/4=T500 L Is/4=7500 L l/4=7500 L ls/4=7500 L
1 L A

m
| 5000 L 5000 L

10000 L 10000 L
L ‘1
3
| 10000 L 10000 L 10000 L
q q L ‘1
b=30000

Obr. 5: porovnavané schémata pro snih navaty

Ve vypaitovém softwaru byly polohy porovnany a naskegygbrany nejhorsi varianty.

9
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Pro ZS4 a ZS5 jsou to tedy tyto:

s,=1.25 kN/m?

Z54
8,=0,625 kN/m?
L 5000 L 5000 L 10000 L 10000 |
1 1 A a1 Rl
$,=1,25 kN/m?
ZS5
5,=0,625 kN/m?
| 14/4=7500 | /4=7500 | Is/4=7500 | /4=7500
1 “ aq a A

b=30000

Obr. 6: schéma zatiZzeni pro ZS4 a ZS5

ZatiZzeni sthem navatym - stav 1 na jednotlivé vaznice:

e , 7254 ZS5
. zakzovaci ~ ..
vaznice Sitka [m] zatizeni zatizeni

[KN/m] [KN/m]
1 1,254 0,098 0,131
2 2,513 0,789 1,052
3 2,523 1,378 2,114
4 2,528 0,773 2,894
5 2,530 0,201 2,073
6 2,528 0,826 1,006
7 2,522 1,620 0,187
8 2,513 2,404 0,556
9 2,499 2,925 1,075
10 2,482 2,280 1,421
11 2,461 1,500 1,000
12 2,436 0,740 0,493
13 1,211 0,092 0,064

10
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2.5 ZS6 a ZS7 - zatizeni sthem navatym — stav 2

Tvarovy sodinitel zatizeni sthem us = 1,25
Souinitel expozice €10
Teplotni sodinitel G=1,0
Charakteristick&d hodnota zatiZzenélsem &= 1,0 kN/nf

Opet jsou uvazovanyri zatzovaci stavy, z nichz jsou vybrany nejhorsi vasiant
Sa = Hy " Ce"Ct Sk =1,25-1,0-1,0-1,0 = 1,25 kN/m?
Sp = 0,5M, " Co " €~ S = 0,625-1,0-1,0- 1,0 = 0,625 kN/m?

ZS6
$5=1,25 kN/m? $,=0,625 kN/m?
| K/2=15000 1/2=15000 |
757 E $2=1,25 kN/m?
%% M
L 10000 L 20000 |
4 A A

b=30000

Obr. 7: schéma zatiZzeni pro ZS6 a ZS7

11
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ZatiZzeni sthem navatym - stav 2 na jednotlivé vaznice:

- ] ZS6 737

. zakzovacl v . v .
vaznice Sitka [m] zatizeni zatizeni

[kN/m] | [kN/m]

1 1,254 1,502 0,735
2 2,513 2,616 1,176
3 2,523 2,096 0,784
4 2,528 1,569 0,387
5 2,530 1,037 0,100
6 2,528 0,503 0,413
7 2,522 0,093 0,810
8 2,513 0,278 1,202
9 2,499 0,537 1,587
10 2,482 0,791 1,962
11 2,461 1,038 2,326
12 2,436 1,276 2,675
13 1,211 0,726 1,468

2.6 ZS8 — zatizeni ¥trem priénym na vysSi sloupy

Pasobeni ¥tru je uvazovano kolmo na délku objektu.

Mésto Kyjov se nachazi ve IBtrné oblasti.

Vychozi zakladni rychlostéru \bo=25m/s
Souinitel smeru vétru Gir = 1,0

Souinitel rocniho obdobi &Lasor= 1,0
Kategorie terénu I Z=0,3m; zin=5m
VySka konstrukce nad zemi z=9,8m
Maximalni vySka nad zemi m& =200 m
Souinitel ortografie 6(z) =1,0

Z&kladni rychlost &tru ve vySce 10 m nad zemi:
Vb = Cdir " Cseason " Vb,0 = 1,0 ' 1,0 -25 =25 m/s

Souinitel terénu:

k. =019 (-2 " 0 19( 0.3 )0'07 = 0,215
rew ZO,H o 0,05 o

Souwinitel drsnosti terénu:

y/ 9,8
c(z) =Kk, In (; ) = 0,215 1In (E) = 0,75 prozmin <z < Zmax
0 )

12
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Stiedni rychlost ¥tru:
Vi (2) = ¢ (z) " cy(z) v, = 0,75-1,0- 25 = 18,75 m/s
Intenzita turbulencediru:

k 1,0
I,(z) = l = N 0,287 prozmin <z < Zmax

0@ () 10-In(33)

Maximalni dynamicky tlak &tru:
1 1
Ap(z) = [1 47 1,(2)] P vZ(z) =[1+7-0,287] X 1,25 - 18,752

= 0,661kN/m?

vySka sloupu: h=9,026 m
svisla vzdalenost vrcholu oblouku a konce sloupu0f774 m
Sitka budovy: d =30 m
pomer hy/d = 0,301
pomer f/d = 0,026

oblast A: e, 10, o= -0,483
oblast B: ge, 10, 8= -0,726
oblast C: ge, 10, c= -0,622

V normx jsou oblasti rozéleny pocétvrtinach na symetrickémisSnim oblouku.
JelikoZz navrZzeny g3ni oblouk je nesymetricky (vrchol oblouku leZli/@ Stky
budovy)¢ast A nebude dale uvazovana. Hodnoty na povrchuspak

Weg = qp(2) * Cpe,108 = 0,661 (—0,726) = —0,480 kN/m?

Wec = qp(2) * Cpe10,c = 0,661+ (—0,622) = —0,411 kN/m?

ZatiZzeni wtrem na podélné sény
h; = 9,027 m; h= 6,647 m
d=30m

hi/d = 0,301; d = 0,222

Cpe, 10,0= 0,71

Cpe, 10, = -0,3

13



Pauer Jan Staticky vypet VUT v Brre

Piidorys
Wep = qp(z) " Cpe, 100 = 0,661-0,71 = i
0,469 kN/m?
WeE = qp(Z) *Cpe,10,E = 0,661-(-0,3) =
—0,198 kN/m? w\
/Q
ZatiZzeni wtrem na Stitové sény
e=19,6m;d=30m; h=9,8m \
) : S Pohled .—--*

h/d =0,327;e<d e
Cpe, 10, A= -1,2 5.'%“'“-...5

i ]
Cpe, 10,8= -0,86 Lo B B C

Cpe, 10,c= 0,5 G
Wea = Ap(2) * Cpet0a = 0,661 - (—1,2) = —0,793 kN/m?

Wep = Ap(2) " Cpe,108 = 0,661 - (—0,86) = —0,57 kN/m?

Wec = Qp(2) * Cpe,10¢ = 0,661 - (=0,5) = —0,331 kN/m?

Zs8

W, 5=-0,480 kN/m?

W, c=-0,411 kN/m?

W, ,=0,469 kN/m? W, £=-0,198 kN/m?

IRV

b=30000

Obr. 8: schéma zatiZzeni pro ZS8

Zatizeni ¥trem @i¢cnym na jednotlivé vaznice:

vaznice zvab*iovaci zatizeni
Sirka [m] [KN/m]
1 1,265 -0,607
2 2,531 -1,215
3 2,531 -1,215
4 2,531 -1,215
5 2,531 -1,215
6 2,531 -1,215
7 2,531 -1,215

14
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8 2,531 -1,215
9 2,531 -1,127
10 2,531 -1,040
11 2,531 -1,040
12 2,531 -1,040
13 1,265 -0,520

2.7 ZS 9 — zatizeni ¥trem priénym na nizsi sloupy

vySka sloupu: = 6,647 m

svisla vzdalenost vrcholu oblouku a konce sloupu3f153 m
Sitka budovy: d =30 m

poner hy/d = 0,222

pomer f/d = 0,105

oblast A: e, 10, o= -0,439
oblast B: ge, 10, 8= -0,805
oblast C: e, 10,c= -0,4

V norme jsou oblasti rozéleny pocétvrtinach na symetrickémisSnim oblouku.
Jelikoz navrzeny sSni oblouk je nesymetricky (vrchol oblouku leZi/8 Stky
budovy)c¢ast C nebude dale uvazovana. Hodnoty na povrchispak

Wea = qp(z) " Cpe,10,4 = 0,661 - (—0,439) = —0,290 kN/m?

Wep = qp(2) * Cpe108 = 0,661 - (—0,805) = —0,532 kN/m?

ZatiZzeni wtrem na podélné sény
h; =9,027 m; h= 6,647 m
d=30m
h,/d = 0,301; B/d = 0,222
Cpe, 10,0= 0,7
Cpe, 10, = -0,31
Wep = qp(z) * Cpe,10,0 = 0,661-0,70 = 0,463 kN/m?
Weg = qp(2) * Cpe,10,e = 0,661 - (—0,31) = —0,205 kN/m?

15
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ZatiZzeni wtrem na Stitové sény

e=19,6 m;d=30m; h=9,8m; h/d =0,327;& <

Cpe, 10, A= -1,2

Cpe, 10, 8= -0,86

Cpe, 10,c= -0,5
Wea = qp(2) * Cpe10a = 0,661 (=1,2) = —0,793 kN/m?
Wep = qp(2) * Cpe10p = 0,661 - (—0,86) = —0,57 kN/m?
Wec = qp(2) * Cpe10c = 0,661 (=0,5) = —0,331 kN/m?

Z39

W, 5=-0,532 kN/m?

W, 4=-0,290kN/m?

W, =0,463 kN/m? W, £=-0,205 kN/m?

L4

b=30000

Obr. 9: schéma zatiZzeni pro ZS9

ZatiZeni ¥trem gi¢nym na jednotlivé vaznice:

vaznice zvab*iovaci zatizeni
Sirka [m] [KN/m]
1 1,265 -0,637
2 2,531 -1,346
3 2,531 -1,346
4 2,531 -1,346
5 2,531 -1,346
6 2,531 -1,346
7 2,531 -1,346
8 2,531 -1,346
9 2,531 -1,040
10 2,531 -0,734
11 2,531 -0,734
12 2,531 -0,734
13 1,265 -0,367

16
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2.8 ZS10 — zatizeni #trem podélnym

Pisobeni ¥tru je uvazovano

kolmo na Siku objektu.

b=30m
h=98m

e ... mensi z hodnot b nebo 2t

e=196m

G

F

|

hreben
nebo (2iabi

b

|-n—-» ef10

i el

Oblasti steSniho plagtjsou vrcholem gechy rozdleny na d¢ nesymetrické€asti,

piicemz rozmdry oblasti F a H jsou stanoveny podle normy.

Pro oblasti G, H a | v praw&sti jsou uvazovany 2 Uhby v levécasti pouze jeden.

S
8| |F
=
“r | H 60
8| IG
I.l‘jAr
8
2 G 6°
H
N
° 8
% F 15 g
—“\—
1960 | || 7840 | 50200 |
L L A
Obr. 10: rozloZeni zakovacich ploch na&Se pro ZS9
We = Qp(z) " Cpe,10
Oblast F G H I
uhel Cpe,10 We Cpe,10 We Cpe,10 We Cpe,10 We
6° - - -1,3 -0,86| -0,69| -0,46 -0,54 -0,3P
15° -1,3 -0,86 -1,3 -0,86 -0,6 -0,4 -0,% -0,33

17
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ZatiZeni ¥trem gicnym na jednotlivé vaznice:

| zagvovaci zatizeni zatizeni | zatizeni
vaznice Sitka [m] oblast F, G| oblast H oblast |
[KN/m] [KN/m [KN/m

1 1,265 -1,088 -0,582 -0,493
2 2,531 -2,177 -1,164 -0,987
3 2,531 -2,177 -1,164 -0,987
4 2,531 -2,177 -1,164 -0,987
5 2,531 -2,177 -1,164 -0,987
6 2,531 -2,177 -1,164 -0,987
7 2,531 -2,177 -1,164 -0,987
8 2,531 -2,177 -1,164 -0,987
9 2,531 -2,177 -1,164 -0,987
10 2,531 -2,177 -1,146 -0,969
11 2,531 -2,177 -1,012 -0,835
12 2,531 -2,177 -1,012 -0,835
13 1,265 -1,088 -0,506 -0,417

ZatiZzeni wtrem na Stitové sény
h=9,8m; d=30m; h/d =0,327
Cpe, 10,0= 0,71
Cpe, 10, = -0,32
Wep = qp(2) * Cpe10,p = 0,661 0,71 = 0,469 kN/m?
Weg = qp(2) * Cpe10r = 0,661 - (—0,32) = —0,212 kN/m?

ZatiZzeni wtrem na podélné sény

a) navyssi sthu
e=18,05m;d=30m; h=9,026 m
h/d =0,301;e<d

Cpe, 10, A= -1,2 |

Cpe, 10, 8= -0,84 I:__T__-E_“ i
Cpe, 10,c= -0,5 5. abe |
Wea = Ap(2) * Cpetoa = 0,661 - (—1,2) = —0,793 kN/m?
Weg = dp(2) * Cpe 108 = 0,661 - (—0,84) = —0,555 kN/m?

Wec = qp(2) * Cpe10c = 0,661 (—0,5) = —0,331 kN/m?

18
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b) na niZsi stnu

e=13,3m;d=30m; h=6,647 m; h/d =0,222;c

Cpe, 10, A= -1,2

Cpe, 10,8= -0,8

Cpe, 10,c= -0,5
Wea = qp(2) * Cpe10a = 0,661 (=1,2) = —0,793 kN/m?
Wep = qp(2) * Cpe10p = 0,661 - (—0,8) = —0,529 kN/m?
Wec = qp(2) * Cpe10c = 0,661 (=0,5) = —0,331 kN/m?

3 Posouzeni konstruknich prvku

3.1 Vaznice
Prirez: Jackl 120/120/7,1 vélcovany za tepla
120 .
Ll L )
L] g 7.
5
[ /i
sV r———-- A >
[ ' ]
[ |
’ |
| | ]
\ STTTZTHT7777S
Wz

Obr. 11: profil vaznice
Priaiezové charakteristiky:
Plocha pitfezu: A=3,13-10"3m?
Momenty setrvanosti: I, =6,58-107°m*
I, = 6,58-107° m*
Plasticky péifezovy modul: W, = 1,314 - 10~* m?

W,

oz = 1,314 1074 m®

Uginna smykova plocha: Ay, = 1,565 - 1073 m?

Ay, = 1,565 - 1073 m?

19
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Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa

Klasifikace praiezu:

€= ﬁ = E = 0,81
fy 355 '
pasnice:
¢ =100,2 mm
t=7,1mm
c 100,2
T = T = 14,11 < 33e = 330,81 = 26,73 --- trida priifezu 1
stojina:
¢ =100,2 mm
t=7,1mm
c 100,2
T = T = 14,11 < 33¢ = 330,81 = 26,73 --- trida priirezu 1

Posouzeni na vzr:
max N.gq = 68,419 kKN

Vaznice 7 mezi vazniky L — M, hodnota z kombina&X

Loy =2,5m

TCZ'E'Iy_752'210'109'6,58'10_6

Nepy = = 2182,051 kN
¥ TR, 2,52

__ Af_ [313-107%-355-106
Nery 2182,05-103

Kfivkaa ...a = 0,21

by =05 [1 +a-(ly—02) + 73] =0,5-[1+0,21- (0,71 — 0,2) + 0,712] = 0,81

1 1
Xy = =
/ - 0,81++0,812—-0,712
q)y + d)f, - ’1§/

20
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% Afy  084-313-107%-355-10°

Npra = = 934,77 kKN
e 1,0

Nega 68419 007 <10 -
Nora 934,77 -0 = 0 mvynovie

Lerz = S5m

72 E-1, n%-210-10%-6,58-107°
Ncr,z = chrz = 52 = 545,513 kN
_ A-f 3,13-103- 355 - 106
— Yy — = 1,43
z Ners 545,513 - 103

Kiivkaa ...a = 0,21

¢, =05 [1+0a- (I, —0,2) +22] = 0,5-[1+021- (1,43 - 0,2) + 1,43%] = 1,65

1 1
Xz = = > > =04<10

/ = 1,65+ /1,652 — 1,43

(bz + q)% - }\%
x,"A-f, 04-313-107%-355-10°
Npra = = = 449,872 kN
' M1 1,0
Nepa 68,419

= = 0,15 < 1,0 - vyhovuj
Nora 449,872 vyhovie

Posouzeni na tah:
max N¢gq = 47,135 kN

Vaznice 7 mezi vazniky B — C, hodnota z kombinaZeo&.

A-f, 3,13-107%-355-10°
B 1,0

Nepq 47,135
Nepg  1111,15

Nird = =1111,15kN

MO

0,04 < 1,0 ---vyhovuje

Posouzeni na ohyb:

max My gq = 16,198 kNm

Vaznice 4 mezi vazniky A — B, hodnota z kombina2e&K
max M, g4 = 8,173 kNm

Vaznice 13 mezi vazniky A — B, hodnota z kombinkige7 .
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Whiy - fy

Mc,Rd,y = Mc,Rd,z =
MO

Myga _

Mc,Rd,y

1v[z,Ed _

Mc,Rd,z

Posouzeni na smyk:
max Vy gq = 6,621 kN

Staticky vypet VUT v Brrg
1,314 -107*- 355 - 10°
— = 46,647 KNm
1,0

16'198—035<10 hovui

46,647 00 = DY TVYROVE
8’173—018<1o hovuj

46647 o= bY mvynovae

Vaznice 13 mezi vazniky A — B, hodnota z kombinkiZe70.

max V, gq = 12,889 kN

Vaznice 4 mezi vazniky A —

Ay f

B, hodnota z kombina@e4

1,565 - 1073 -355-10°

Vc,Rd,y = Vc,Rd,Z =

‘/§'YM0

Vy,Ed _

Vc,Rd,y

VZ,Ed _

Vc,Rd,z

= 320,761 kN
V3:1,0
6,621 =0,02<1,0 hovuj
320761 - 4= oY rvynovae
12’889—004<10 hovuj
320761 = oY vyhovue

Posouzeni na kombinaci ohybu a osového tlaku:

a) maximalni N a odpovidajici M

max N.gq = 68,419 kN
odp My gq = 2,214 kNm
odp M, gq = 1,031 kNm

Vaznice 7 mezi vazniky L —

Npx = A-f, =3,13-1073- 355 10° = 1111,15 kN
My ric = Mgy = Wy, * f, = 1,314+ 107* - 355 10° = 46,647kNm
Mgy = 1,903 kNm; My, = —

Mg, 1903
%y T My,  —2214

Cmy =0,1—-0,8-05, =0,1-0,8-(-0,86) = 0,79 > 0,4

M, hodnota z kombinacgX |

i
1.903 kNm

2,214 kNm; YMp, =0 >y =0

—0,86

@

1031 KNm

M, = 1,031 kKNm; My, = 0 kNm; My, =0 - =0

22



Pauer Jan Staticky vypet VUT v Brre

(x = Mh,Z = L = 0
bz M, 1,028

Cmz = 0,95 4 0,05 - a, , = 0,95 + 0,05 - 0 = 0,95

— Ngq Ngg
Ccow-| 14 (A, —0,2)- <cn:|14+08 ——
my ( y ) Xy ' NRk my Xy ' NRk
YM1 YM1
0,79-1 1+ (0,71 — 0,2 68,419 <0,79-|1+4+0,8 68,419
' +(0.71-0.2) ggr111115 | =0 +08 984111115
1,0 1,0
0,81 < 0,83 - ky, = 0,81
— Ngq Ngg
¢ | 1+ (A, —0,2)- <c.|1+08 ——
mz ( z ) Xz* NRk mz Xz® NRk
YM1 YM1
095-| 1+ (1,43 -0,2 __68419 <095-|1+0,8 __ 68419
' + (143 -02) 577715 | =0 +08 92111115
- 10 - 10
1,13 > 1,07 - k,, = 1,07
ky, = 0,6 -k,, = 0,6-1,07 = 0,64
kpy = 0,6 - kyy = 0,6-0,81 = 0,49
N M, gq + AM M, rq + AM
Ed + kyy . YfEd YﬁEd + kyz . Z,Ed Z,Ed —
Xy " NRrk Xut - My Rri M rk
YM1 YM1 YM1
68,419 081 2,214+ 0 064 1,031+0 _ 013
084-1111.15 T Y 10 26647 T 46,647
1,0 1,0 1,0

0,13 £ 1,0 ---vyhovuje

NEgg I My gq + AMy Eq K M Eq + AM Eq

+ gy - : -
Xz Nexk % XurMygrk “ M, rk
YM1 YM1 YM1
68,419 0.49 2,214+ 0 107 1,031+ 0 ~ 020
04-1111,15 +0, 1,0 - 46,647 +1 46,647
1,0 1,0 1,0

0,20 £ 1,0 ---vyhovuje
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b) maximalni M, odpovidajici N
odp N¢gq = 12,454kN

max My gq = 16,198 kNm

odp M, g4 = 0,565 kNm

Vaznice 4 mezi vazniky A — B, hodnota z kombina2eK

A

NRk =A- fy = 3,13 - 10_3 -355- 106 = 1111,15 kN 16. 198 kMNm
My ri = Myri = Wy * fy = 1,314 - 107* - 355 - 10° = 46,647kNm
M,y = 16,198 kNm; My, = 0 kKNm; YM, =0 - ¢ = 0

. My 0
hy T M., 16,198

=0
s,y

Cmy = 0,95+ 0,05 a,, = 0,95+ 0,05-0 = 0,95
M, = —0,565kNm; My, = 0 kNm; yMp, =0 - ¢y =0

Mh,Z 0 0
o _ _ — 0.003 kMNm
hz Ms 2 —0,565 {-.Eu?ﬁﬂ:_? i 4
mz = 0,95+ 0,05 ay, = 0,95+ 0,05-0 = 0,95 ::Til_'_. kM

— NEgg NEgg
cmy-<1+(xy—o,2)-xy_N <cCmy| 1408 ——

Rk Xy " Nri
YM1 YM1
1+ (0,71 -0,2 12,454 <095-|1+4+0,8 12,454
+( ) o8a-11iiis | = +08 982111115
1,0 1,0

= 0,96 - kyy, = 0,96

_ N N
Cm2'<1+(7‘z_o'2)'x-?\? <Cmg| 1408 —a—
YA

Xz " Nrk Xz * NRri
YM1 YM1
095-1 1+ (1,43-0,2 12454 <095-|1+0,8 12454
' + (L3 -02) 5711115 | SO +08 92111115
1,0 1,0

0,98 > 0,97 > k,, = 0,97
ky, = 0,6 -k, = 0,6-097 = 0,58
Kyy = 0,6 kyy = 0,6-0,96 = 0,57
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Ned ., . My gq + AMy g i Mzpa + AMzpa _
Xy " Nri vy XLt " My ric vz M, rk
YM1 YM1 YM1
12,454 0.96 16,198 + 0 058 0,565+ 0 _ 041
0,84-1111,15 +0, 1,0 - 46,647 +0, 46,647
1,0 1,0 1,0
0,41 < 1,0 ---vyhovuje
Nea .\ Mypa+AMypa Mypa+AMypq _
Xz Nexk % Xur - Mygrk “ M, rk
YM1 YM1 YM1
12,454 057 16,198 + 0 097 0,565+ 0 _ 036
0,4-1111,15 +0, 1,0 - 46,647 +0, 46,647
1,0 1,0 1,0

0,36 < 1,0 ---vyhovuje

Posouzeni na pihyb: ° |‘

Program RFEM zobrazuje lokalni deformace

ovlivnéné deformacemi jinych prik Na obrazku je -24.5 mh

lokalni deformace vaznice ovligna deformaci -41.9 mm
vazniku.
Vaznice 4 mezi vazniky A — B, hodnota z kombinaZeX.
w =419 —-18,3 = 23,6 mm
L 5000
Wiim = 200 200
Oljm = 25 mm > ® = 23,6 ---vyhovuje
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3.2 Horni pas

Prafez: Jackl 160/160/7,1 vélcovany za tepla
" 160 L
R 1
. 2
71
o ¥
: r >
|
|
|
|
|
-‘r{(//// /: /
oz

Obr. 12: profil horniho pasu
Pruiezové charakteristiky:
Plocha piifezu: A=1421-10"3m?
Momenty setrvanosti: I, =1,62-107> m*

I, =1,62-10"5 m*
Plasticky péifezovy modul: Wy, , = 2,389 - 10~* m?

W,

1z = 2,389+ 107 m®

Uginna smykova plocha: A,y = 2,105 - 1073 m?

Ay, = 2,105 - 1073 m?

Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa

Klasifikace praiezu:

_[e3s_ s
= T3

pasnice:
c=131,6 mm

t=7,1 mm
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c 131,6 ,

T = 1 = 18,54 < 33¢ =33-0,81 = 26,73 --- tfida prufezu 1
stojina:

c=131,6 mm

t=7,1mm

c 131,6 ,

E = T = 18,54 < 33¢ = 330,81 = 26,73 ---tfida prifezu 1

Posouzeni na vzgr:
max N.gq = 543,51 kN

Vaznik H prvek mezi vaznicemi 8 - 9, hodnota z karabe KZ 2.

Lery = Ler, = 2,531 m
n?-E-l; 7?-210-10°-1,62-107°

Ncr,y = Nepz = L%:ry = 25312 = 5241,43 kN
_ Ay 4,21-10—3-355-106_053
by =4 = Nery 5241,43-103

Kiivkaa ...a = 0,21

by =, =0,5-[1+a-(hy—02) +23| = 0,5-[1+0,21-(0,53 - 0,2) +0,53]

by = ¢, = 0,68
1 1
Xy =Xz = = = 0532=o,91s1,o
-7 0,68+/0,682 -0,
by + 05 -7
% Afy 091-4,21-1073-355-10°
Nbrd = = = 1365,089 kN

1,0

Nega 54351
Npra 1365,089

M1

0,40 < 1,0 ---vyhovuje

Posouzeni na tah:
max Nygq = 175,67 KN

Vaznik E prvek mezi vaznicemi 5 - 6, hodnota z korabe KZ 55.
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A-f, 421-107%-355-10°
B 1,0

Nepa 175,67
Nira 149455

Nird = = 1494,55 kN

MO

= 0,12 < 1,0 ---vyhovuje

Posouzeni na ohyb:

max My gq = 6,675 kKNm

Vaznik F prvek mezi vaznicemi 8 — 9, hodnota z kmate KZ 2.
max M, g4 = 2,552 kNm

Vaznik M prvek mezi vaznicemi 6 - 7, hodnota z kamabe KZ 73.

Wpiy - fy  2,389-107*-355-10°
Mc,Rd,y = Mc,Rd,z = = 10 = 84,81 kNm

Mo ’

M 6,675
rid = 0,08 < 1,0 --- vyhovuje

Mcray 84,81

M 2,552
2B _ = 0,03 < 1,0 ---vyhovuje

Mcraz 84,81

Posouzeni na smyk:
max Vy gq = 1,427 kN
Vaznik M prvek mezi vaznicemi 7 — 8, hodnota z kamabe KZ 55.
max V, gq = 9,881 kN

Vaznik H prvek mezi vaznicemi 8 - 9, hodnota z korabe KZ 2.

Avy-f, 2,105-1073-355-10°

v -V — = 431,439 kN
C,Rd,y C,Rd,Z \/§ . ’YMO \/§ . 1,0
V, 1,427
vEd _ = 0,003 < 1,0 -~ vyhovuje
Veray 431,439
V,ea 9,881

- = 0,02 < 1,0 --- vyhovuj
Veraz 431,439 vyhovuje
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Posouzeni na kombinaci ohybu a osového tlaku:
max N.gq = 543,51 kN

odp My gq = max My gq = 6,675 KNm

odp M, g4 = 0,194 kNm

Vaznik H prvek mezi vaznicemi 8 — 9, hodnota z korabe KZ 2

D087 kNm
Nri = A-f, = 4,21-107% - 355 - 106 = 1494,55 kN [T~
i 1 WY
My ric = Mygic = Wory * fy = 2,389 - 107% - 355 - 106 / |
— 84 81 kKNm 6.675 kNm 5.698 kNm

MS,y =0 kNm, Mh,y = 6,675 kNm, IIJMh,y = 5’698 kNm — llj — 0,85

_ Msy 0 _ D e kNm
Asy = Mhy 6675 4
[ 7
Cmy =0,2+0,8- 05, =02+08:0=0,2< 0,4 PN
M, = —0,194 kNm; yM, = 0,066 — § = —0,34 :
Cmz = 0,6 +0,4-y =06+ 0,4-(—0,34) = 0,46 > 0,4 0.066 kNt
— Ngq Ngq
v | 1+ (A, —0,2)- <cno-|1+08-
my ( y ) Xy * NRk my Xy* NRk
YM1 YM1
04-[1+(0,53-0,2 >43,51 <04-11+4+08 543,51
' +(053-02) 5977149455 | =0 +08° 591149455
1,0 1,0
0,45 < 0,53 - kyy = 0,45
_ NEd NEd
Crnz * 1+(‘/\z—0,2)-X2_1\IRk < Cmz * 1+0,8-XZ_NRk
YM1 YM1
0,46-| 1+ (0,53 —10,2 543,51 <046-|1+4+0,8 543,51
' + (0,53 -0.2) 5977149455 | =0 + 08591 149455
1,0 1,0

0,52 < 0,61 - k,, = 0,52
ky, = 0,6 k,, =0,6-0,52 = 0,31
kyy = 0,6 kyy, = 0,6 0,45 = 0,27
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Ned ., . My gq + AMy g i Mzpa + AMzpa _
Xy " Nri vy XLt " My ric vz M, rk
YMm1 Ym1 Ym1
543,51 0.45 6,675+ 0 0.31 0,194+0 0.43
0,91 - 1494,55 +0, 1,0 - 84,81 +0, 84,81
1,0 1,0 1,0
0,43 < 1,0 ---vyhovuje
Nea ., My gq + AMy g i Mzpa + AMypq _
Xz Nexk % Xur - Mygrk “ M, rk
YMm1 YMm1 YMm1
543,51 027 6,675+ 0 0.52 0,194+0 0.42
0,91 - 1494,55 +0, 1,0 - 84,81 +0, 84,81
1,0 1,0 1,0
0,42 < 1,0 ---vyhovuje
3.3 Dolni pas
Prirez: Jackl 160/160/7,1 valcovany za tepla
Y 160 .
R 1
71
o ¥
: rm———1 >
|
|
|
|
|
Jrfc//// i 74

W

Obr. 13: profil dolniho pasu
Priaiezové charakteristiky:
Plocha piifezu: A=421-10"3m?
Momenty setrvanosti: I, =1,62-107> m*

I, =1,62-10"5 m*
Plasticky péifezovy modul: Wy, , = 2,389 - 10~* m?

W1z = 2,389 - 1074 m?
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Uginna smykova plocha: Ay, = 2,105 - 1073 m?

Ayz = 2,105 1073 m?

Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa

Klasifikace prirezu:

_[e3s_ s
= T3

pasnice:
c=131,6 mm
t=7,12 mm

c 1316 .
T = 1 = 18,54 < 33¢ =33-0,81 = 26,73 --- tfida prufezu 1

stojina:
c=131,6 mm
t=7,1mm

c 131,6 |
T = 1 = 18,54 < 33¢ =33-0,81 = 26,73 --- tfida prufezu 1

Posouzeni na vzr:
max N.gq = 163,35 kN

Vaznik E prvek mezi vaznicemi 7 - 8, hodnota z korabe KZ 54.

Lery = 2,461 m

n?-E-1; 7?-210-10°-1,62-107°
12,y 2,4612

Nery = = 5543,842 kN

= 0,52

_ |Af,  [4,21-1073-355- 106
Nery 5543,842 - 103
Kfivkaa ...a = 0,21

by =05 [1 +a-(ly—02) + 73] =0,5-[1+0,21- (0,52 — 0,2) + 0,522] = 0,67
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1 1
Xy = = - ==0,92<10
— 0,67 ++/0,672 — 0,52
¢y + ,/¢§ -4
%, "Afy  092-4,21-1073-355-10°
Npray = = = 1372,295 kN

1,0

Nepa _ 163,35
Npray 1372,295

M1

= 0,12 < 1,0 ---vyhovuje

Lerp = 12,305 m

n?E-1, w*-210-10°-1,62-107°
2., 12,3052

- _ A-f, 4,21-10-3-355-106_26
2 Ners 221,754 - 103 -

Kiivkaa ...a = 0,21

Nerg = = 221,754 kN

b, =0,5" [1 +a-(,—02)+ fﬁ] =0,5-[1+0,21-(2,6—0,2) + 2,6%] = 4,12
1 1

XZ = =
[2_37  412+/4122 - 2,6
b, + |7 — A7

X, A-fy _014-421-107%-355-10°

1,0
Nepa 163,35
Npraz 204,105

=0,14<1,0

Npraz = = 204,105 kN

M1

= 0,80 < 1,0 ---vyhovuje

Posouzeni na tah:
max N¢gq = 556,46 kN

Vaznik F prvek mezi vaznicemi 6 - 7, hodnota z korabe KZ 2.

N A-f, 421-1073-355-10°
tRd = =
Mo 1,0

= 1494,55 kN

Nepa 556,46
Nira 149455

= 0,37 < 1,0 ---vyhovuje
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Posouzeni na ohyb:

max My gq = 5,195 kKNm

Vaznik G prvek mezi vaznicemi 7 — 8, hodnota z kirate KZ 2.
max M, gq = 0,719 kNm

Vaznik L prvek mezi vaznicemi 1 - 2, hodnota z kamabe KZ 57.

Woiy fy _ 2,389-107*-355-10°

Mcray = McRraz = = 84,81 KNm

Mo 1,0
M 5,195
YR _ = 0,06 < 1,0 ---vyhovuje
Mcray 84,81
M,gq 0,719
— = =0,01<1,0 --vyh j
Mcra, 8481 = vynoviye

Posouzeni na smyk:
max Vy gq = 0,263 kN
Vaznik L prvek mezi vaznicemi 1 — 2, hodnota z korabe KZ 57.
max V, gq = 12,01 kN

Vaznik G prvek mezi vaznicemi 6 - 7, hodnota z korabe KZ 2.

V, =V _ Ay _2,105'10_3-355.106 431430
" o £ Tmo V3-1,0 ’
Vyea 0,263 0001 < 10 -
Verdy 431,439 =4 vyhovuje

Vopa 12,01
Veraz 431,439

= 0,03 < 1,0 ---vyhovuje

Posouzeni na kombinaci ohybu a osového tlaku:
maximalni N a odpovidajici M
max N.gq = 163,35 kN

«1-4RE
odp My gq = 1,485 kNm e

097 .
D].':'l}.b{'ﬁ |

KM

N

odp M, zq = 0,155 kNm L"*L*‘J-JL

Vaznik E prvek mezi vaznicemi 7 — 8, hodnoty
z kombinace KZ 54.
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Npx = A+ f, = 4211073+ 355 - 10° = 1494,55 kN
My Rk = Myric = Wy * fy = 2,389 - 107* - 355 - 106 = 84,81 kNm
M,y = —1,485 kNm; My, = 0,548 kNm; yMy, = —0,179 kNm — s = —0,33

— Mpy 0548
hy = M., —1,485

-0,37
Sy

Cmy = 0,95 + 0,05 - atp, (1 + 2+ ) = 0,95 + 0,05 -
0.002 kNm

(=0,37)-(1+2-(-0,33)) = 0,94 2
-“W
M, = —0,155; yM, = 0kNm; {y =0 _"'““l“*\L ||'
Cny =0,6+04-Y=06+04-0=06> 0,4 0.155 il
— Ngq Ngq
cow-| 14 (A, —0,2)- <c.-|14+08-
my ( y ) Xy ' NRk my Xy ' NRk
YM1 YM1
0,94-1 1+ (0,52—-0,2 163,35 <094-|1+4+0,8 163,35
' +(0,52-0.2) 5957179455 | =0 + 08592 149455
1,0 1,0
0,98 < 1,03 - ky, = 0,98
— Ngq Ngg
¢ | 1+ (A, —0,2)- <c., | 1+0,8-
mz ( z ) Xz® NRk mz Xz® NRk
YM1 YM1
06-| 1+(26-0,2 163,35 <06-114+08 163,35
' +(26-0.2) 577779455 | =0 +08° 512149455
1,0 1,0
1,75 > 0,98 - k,, = 0,98
ky, = 0,6 -k,, = 0,6-0,98 = 0,59
ky = 0,6 -kyy = 0,6-0,98 = 0,59
Ngg My ga + AMygq Mypg +AM g
Xy " Nri vy XLt " My ric vz M, rk
YM1 YM1 YM1
163,35 098 1,485 + 0 0.5 0,155+0 014
092-149455 " 7% 108281 T 8481
1,0 1,0 10

0,14 < 1,0 ---vyhovuje
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Nea ., My gq + AMy g i Mzpa + AMypq _
Xz'Nrx ™ Xur-Myrk “ Mg rk
YM1 YM1 YM1
163,35 1,485 + 0 0,155 + 0
0,14 149455 T °° To 8481 T 998 ~gagr - 081
1,0 1,0 1,0

0,81 < 1,0 ---vyhovuje

3.4 Diagonaly

Prirez: TR 82,5/8 vélcovana za tepla

hY

B25

Obr. 14: profil diagonaly
Priaiezové charakteristiky:
Plocha pitfezu: A=1872-10"3m?
Momenty setrvanosti: Iy =1,314-107° m*
I,=1,314-10"°m*

Materialové charakteristiky:
Mez kluzu oceli: J =355 MPa
Modlu pruznosti: E =210 GPa

Klasifikace prirezu:

_ 235 285 _
o f 355 7

€
d 825
il 10,31 < 50 = 40,5 ---trida prirezu 1
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Posouzeni na vzr:
max N.gq = 165,84 kKN

Vaznik F prvek mezi vaznicemi 2 - 3, hodnota z korabe KZ 2.

Lery = Lerz = 3,077 m

TCZ'E'Iy_TEZ'210'109'1,314'10_6

= 287,647 kN
12, 3,0772

Ncr,y = Ncr,z =

_ A-f, 1,872-1073-355-10°
}\ = = 1,52

Nery 287,647 - 103

Kfivkaa ...a = 0,21
by =, =05 [1 +a-(ly—02) + x_i] =0,5-[1+0,21- (1,52 — 0,2) + 1,522]

¢y =, =179

1 1
Xy =Xz = = = ==0,36 <10
= 1,79++1,792 — 1,52
by + (0375
% Afy 0,36-1,872-107%-355-10°
Nb,Rd == == - 241,987 kN
1 1,0
Nega 165,84

- = 0,69 < 1,0 - vyhovuj
Nora 241,987 vyhovue

Posouzeni na tah:
max Nygq = 207,94 kKN

Vaznik F prvek mezi vaznicemi 1 - 2, hodnota z korabe KZ 2.

A-f, 1,872-1073-355-10°
Nird = = 0 = 664,56 kN

MO

Nega 207,94
Nerg 664,56

0,31 < 1,0 ---vyhovuje
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3.5 Svislice

Prafez: TR 45/4 vélcovana za tepla

w2

Obr. 15: profil svislice
Pruiezové charakteristiky:
Plocha piifezu: A =5152-10"*m?
Momenty setrvanosti: I, =1,093-1077 m*
I, =1,093-10"7 m*

Materialové charakteristiky:
Mez kluzu oceli: J =355 MPa

Modlu pruznosti: E =210 GPa

Klasifikace prirezu:

235 235 081
E= |—/——= [zz==0,
fy 355
d 45
1= 71" 11,25 < 50¢ = 40,5 ---trida prirezu 1

Posouzeni na vzgr:
max N.gq = 15,438 kKN
Vaznik M prvek pod vaznici 6, hodnota z kombina2e#3.

Lery = Lerz = 1,8 m

n?-E-l, 7%-210-10°-1,093-1077
12,y 1,82

Ncr,y = Ncr,z = = 69,919 kN
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- A-f, 5,152-10-4-355-106_162
by =2 = Nery 69,919 - 103 -

Kfivka a ...a = 0,21
by =, =05 [1+a-(Iy—02) +22| = 0,5-[1+021- (1,62 - 0,2) + 1,627]

by = ¢, =196

1 1
X:)/:XZZ _=196+ 1962 1622=0133S1’0
%, 'Afy 0,33-5152-107*- 355 - 10°
Npra = = _ 50,807 kN
’ M1 1,0
Nc,Ed _ 15,438 026 <10 X .
Np rd 59,807 vyhovuje

Posouzeni na tah:
max N¢ggq = 43,562 kN

Vaznik A prvek pod vaznici 8, hodnota z kombinazeX

A-f, 5152-107*-355-10°
Nerd = = = 182,896 kN
Mo 1,0

Nepa 43,562
Nira 160,602

= 0,24 < 1,0 ---vyhovuje

3.6 Prihyb vazniku

w = 66,0 mm

_ L _30000
@lim =550~ 250 <0 MM

Olim = 120 mm > ® = 66,0 mm ---vyhovuje
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.d.r_h'x =

Obr. 16: puthyb vazniku

3.7 Sloupy
Prirez: Jackl 350/250/14,2 valcovany za tepla
250 L
P
] ]
‘6 14,2
[
]
Y
2 11 7 >
| %
| 5
" | ]
|
]
N T TTT T 7T T 7777

z

Obr. 17: profil sloupu
Priaiezové charakteristiky:
Plocha pitfezu: A=16-10"2m?
Momenty setrvaénosti: Iy =2,72-10"* m*
I, = 1,605-10~* m*
Plasticky péifezovy modul: W, , = 1,887 - 1073 m?

W,

1z = 1,492+ 1073 m®

Uginna smykova plocha: A, , = 6,67 - 1073 m?

Ay, = 9,33 1073 m?
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Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa

Klasifikace praiezu:

235  [235
= |[—= |==—==10,81

f, 355

pasnice:
¢ =193,2 mm
t=14,2 mm

c 193,2 ]
= 1_4 2 = 13,61 < 33¢ =33-0,81 = 26,73 --- tfida prufezu 1

=

stojina:
c=293,2 mm
t=14,2 mm

c 310
s 20,65 < 33¢ = 33:0,81 = 26,73 - tfida prifezu 1

Posouzeni na vzr:
max N.gq = 158,44 kN

Sloup na levé stra&rpod vaznikem F, hodnota z kombinace KZ 2.

Leny = 2° 7,204 = 14,408 m

7t2-E-Iy_7:2-210-109-2,72-10_4

Nery = = 2715,692 kN
¥ LR, 14,4082

_ |A-f,  [1,6-1072-355-10¢
)\Iyz = :1’45

Nery 2715,692 - 103

Kfivka a ...a = 0,21
Gy =0,5-[1+a-(hy —02)+43| =05-[1+0,21- (1,45 0,2) + 1,45?] = 1,68
1 1

Xy = =
/ 7z 1,68 +/1,682 — 1,452
by + 05— 45

40
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LAty 04-1,6-1072-355-10°

Npray = "t 1,0 ~ 2249614 N
Nega _ 19844 _ 0 0 uyhovue
Noray 2249614
Lers, = 3,325 m
Ny _TEl 7-210-10°-1605-107 o o
e = 3,325 ’

= 0,43
30089,209 - 103

7 =
NCI‘,Z

_ A, _\/1,6-10‘2-355-106

Kiivkaa ...a = 0,21

¢, =05 [1+a- (I, —0,2) +22] = 0,5-[1+021- (043 — 0,2) + 0,43%] = 0,62

1 1
Xz = = : == 0,94 <1,0
/ = 0,62 +4/0,622 —0,43
(bz + (b% - /@
%, A-f, 094-16-1072-355-10°
NpRraz = = = 5358,941 kN

1,0

Nepa 158,44
Npraz 5358941

M1

= 0,03 < 1,0 ---vyhovuje

Posouzeni na tah:
max Nygq = 47,889 kKN

Sloup na levé stra&rpod vaznikem A, hodnota z kombinace KZ 72.

A-f, 16107235510

Nira = = 5680,0 kN
Mo 1,0
Nea _ 47889 _ .o -
Nera | 5680 o0 = 0 TVYROVIE

Posouzeni na ohyb:

max My gq = 130,81 kNm

Sloup na pravé strémpod vaznikem G, hodnota z kombinace KZ 44.
max M, gq = 5,142 kNm

Sloup na pravé strérpod vaznikem A, hodnota z kombinace KZ 62.
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Wpl,y ) fy 1,887 - 1073 -355-10°
- Mo 1,0
My,Ed _ 130,81 020 < 10 X .
Mcray - 669,885 7 T vyhovuje
Wpl,z ) fy 1,492 -1073-355-10°
MC RdZ == = _ 529'66 kNm
o 1,0
Mo ,
1v[z,Ed _ 5,142

- = 0,01 < 1,0 -~ vyhovuj
Mcraz 529,66 vyhovuje

Posouzeni na smyk:

max Vy gq = 5,872 kN

Sloup na levé stra&mpod vaznikem M, hodnota z kombinace KZ 72
max V,gq = 28,852 kN

Sloup na levé stra&rpod vaznikem M, hodnota z kombinace KZ 44

Ay, f, 667-1073-355-10°6
Verdy = o =
VB vy, V31,0

Vypa 5872
Veray 1367,079

= 1367,079 kN

= 0,004 < 1,0 ---vyhovuje

Ay, f, 933-1073-355-10°
Verdy = ——F =
VB v V3-1,0

V,pa 28,852
Veraz 1912271

= 1912,271 kN

= 0,02 < 1,0 ---vyhovuje

Posouzeni na kombinaci ohybu a osového tlaku:
a) maximalni N a odpovidajici M

max N.gq = 158,44 kKN

odp My gq = 15,755 kNm

odp M, g4 = 0 KNm

Sloup na levé stra&pod vaznikem F, hodnota z kombinace KZ 2.

Npx = A-f, = 1,6 1072 - 355 - 10° = 5680,0 kN
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My gy = Wiy - f, = 1,887 - 1073 - 355 - 10 = 669,885 kNm 5" 10,138 um
M, pie = Wy - fy = 1,492 - 1072 - 355 - 106 = 529,66 kNm | =}
M, = —15,755 kNm; yM, = —10,138 kNm — ) = 0,64 1 5'..
Cmy = 0,6+ 0,4 = 0,6+ 0,4 0,64 = 0,86 > 0,4 P O, .
NEd NEd
cmy [ 1+ (A —0,2)- < Cmy | 1408 ——
my ( y ) Xy . NRk my Xy i NRk
YM1 YMm1
086 1+ (145 - 02) —20 ) < 0g6-[ 1408 0t
’ +(145-02) 5 580 | <O +95° 054 5680
1,0 1,0

0,94 > 0,91 - ky, = 0,91
kyy = 0,6 -kyy, = 0,6-0,91 = 0,55

NEgg ke My gq + AMy g o Mapa + AMypa
Xy 'Nrk ¥ Xur Myrk ye M, Rk
YM1 YMm1 YMm1
158,44 15,755 + 0
045680 T %1 T0 669,885 70 =009
0 10

0,09 < 1,0 ---vyhovuje

NEgg F k. My gq + AMy g . Mzga + AMzpa _
Xz Nrk ™ Xur Myrk “ M rk
YM1 YMm1 YM1
158,44 15,755 + 0
0945680 T 9°° T0-660,885 T 0 = 004
10 30

0,04 < 1,0 ---vyhovuje

b) maximalni M a odpovidajici N
odp N¢gq = 28,954 kN

max My gq = 130,81 kNm

odp M, g4 = 0,506 kNm

Sloup na pravé strampod vaznikem G, hodnota z kombinace KZ 44.

Npx=A-f, =1,6" 1072-355-10° = 5680,0 KN
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My rk = Wpiy - fy
—

My pk = Wy, - f, = 1,492 - 1073 - 355 - 106 = 529,66 kNm

= 1,887 -1073 - 355 - 10° = 669,885 kNm i W

M, = 130,81 kNm; yM, = 48,89 kNm - { = 0,37 i -

130,810 kNm £

Cmy =06+0,4-y=06+04-037=0,75>04

.-0.506 kNm

M, = —0,506 kNm; yM, = 0kNm - ¢y =0

Cpmz=06+04-¢y=06+04-0=06>04 j
B

Ngg Ngg
Xy NRrk Xy~ NRrk
YMm1 YM1

Cmy | 1+ (A, —0,2) <cCmy | 1+08-

2895¢ \ _ [ . 28954
04-5680 | =" +0.8° 525680
1,0 1,0

0,751 1+ (1,45-0,2) -

0,76 = 0,76 - ky, = 0,76

NEg NEq
<cn, | 1+0,8-
Xz® NRk mz Xz® NRk

YM1 YMm1

cmz'| 1+ (2, —0,2)

2895¢ | _ [ . . 28954
094-5680 | =V + 09" 59245680

1,0 1,0

0,6 1+(0,43-0,2)

0,6 = 0,6 - ky, = 0,6
Ky = 0,6 -ky; = 0,6 0,6 = 0,36
Kyy = 0,6 - kyy = 0,6 - 0,75 = 0,45
N4 My gq + AMy kg Mypg + AMpg

Xy * NRrk Yy Xut " My R ye Mg rk
YM1 YMm1 YM1
28,954 130,81 4+ 0 0,506 + 0
045680 T 97° " T0- 669,885 T 030 5a9,66 — 022
1,0 1,0 1,0

0,22 < 1,0 ---vyhovuje

Nea .\ Mypa+AMypa Mypa+AMypa _
Xz Nexk % XurMygrk “ M, rk

YMm1 Ym1 YM1
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2895¢ . 1308140 . 050640
094-5680 T *° " 10-669885 " " 52066
1,0 1,0 1,0

0,12 < 1,0 ---vyhovuje

Posouzeni na pihyb:

Sloup na pravé strérpod vaznikem G, hodnota z
kombinace KZ 117.
o = 20,5 mm

L 6647
“iim = 3509 = 300

= 22,2 mm

Olim = 22,2mm > o = 20,5 mm --- vyhovuje

3.8 Podélné ztuzidlo

Prafez: Tr 57/6,3 valcovana za tepla

57

Obr. 18: profil podélného ztuzidla
Pruiezové charakteristiky:
Plocha piirezu: A=1,004-10"3m?
Momenty setrvaénosti: Iy = 3,274 1077 m*
I, =3,274-10"" m*

Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa
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Klasifikace praiezu:

_[e3s_ s
= T35

d 57
TTe3" 9,05 < 50e = 40,5 ---trida priitfezu 1

)

Posouzeni na vzgr:
max N.gq = 50,843 kN

Prvek pod vaznici 7 mezi vazniky A - B, hodnotaomkinace KZ 2.

Lery = Lerz = 3,081 m

n?-E-l, 7%-210-10°-3,274-1077
12,y 3,0812

Ncr,y = Ncr,z = = 71,485 kN

=223
Nery 71,485 - 103

_ _ |af, [1,004-1073-355-106
Kfivka a ...a = 0,21
by =, =05 [1+a-(ly—02)+22| = 0,5-[1+021- (223 - 0,2) +2,23]

(I)y = ¢, =3,21
1 1

Ay =Xz = 321+ 3212 - 2232
¢y+,/¢§—/1§ ’ ’ ’

t,-Afy 0,18-1,004-107%-355-10°

=0,18<10

Npra = = 64,715 kN
o 1,0
Nepq 50,843
Ed = 0,79 < 1,0 - vyhovuj
Nora 64715 vyhovue

Posouzeni na tah:
max N¢gg = 31,533 kN

Prvek pod vaznici 7 mezi vazniky L - M, hodnotaombinace KZ 73.

A-f,  1,004-1073-355-10°
Nira = = = 356,42 kN
MO 1,0
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Nega 31533
Nerg 356,42

0,09 < 1,0 ---vyhovuje

3.9 Dolni pas podélneho ztuzidla

Prirez: Jackl 70/70/6,3 valcovany za tepla

le 70 ”

>
v

70

r——-
I
I
N N LLAL L L

z

Obr. 19: profil pasu podélného ztuzidla

Priaiezové charakteristiky:
Plocha pitfezu: A=157-10"3m?
Momenty setrvanosti: I, =1,06-107°m*
I, =1,06-10"6 m*
Plasticky péifezovy modul: W, = 3,733 - 107> m?
Wy, = 3,733+ 1075 m?
Uginna smykova plocha: A, , = 7,85 107* m?

A,,=785-10"*m?
Materialové charakteristiky:

Mez kluzu oceli: J =355 MPa
Modlu pruznosti: E =210 GPa
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Klasifikace praiezu:

_[e3s_ s
= T35

pasnice:
C=57,4mm
t=6,3mm
c 57,4

=63 - 9,11 <33¢ =33-0,81 = 26,73 - tiida prufezu 1

stojina:
c=57,4mm
t=6,3mm

c 574 ;
T = %3 =9,11 < 33¢ =33-0,81 = 26,73 ---tfida prifezu 1

Posouzeni na vzgr:
max N.gq = 42,932 kKN

Prvek pod vaznici 7 mezi vazniky A - B, hodnotaombkinace KZ 73.

Lery = Lerz = 5,0m

n?-E-l, 7?-210-10°-1,06-107°

Ncr,y = Ncr,z = chry 5.0 = 87,879 kN
- A-f,  |1,57-1073-355-106 e
by =4 = Nery 87,879 - 103 v

Kfivkaa ...a = 0,21
by =, =05 [1 +a-(ly—02) + x_i] =0,5-[1+0,21- (2,52 — 0,2) + 2,522]

oy = ¢, =391

1 1
Xy =Xz = = - == 0,14 <10
[0z _3z 391+4/3912-252
by + [&F =45
% Afy 014-1,57-1073-355-10°
Np,ra = = = 80,641 kN

M1 1,0
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Nepa 42,932
Npra 80,641

= 0,53 < 1,0 ---vyhovuje

Posouzeni na tah:
max Nygq = 73,843 kKN

Prvek pod vaznici 7 mezi vazniky B - C, hodnotamkinace KZ 2.

A-f, 157-107%-355-10°

B B = 557,35 kN
tRd ’
Mo 1,0
N¢gq _ 73,843 013 <10 ) |
Nerg 55735 0 = 7 vyhovuje

Posouzeni na ohyb:
max My gq = 1,144 KNm

Prvek pod vaznici 7 mezi vazniky A - B, hodnotaombkinace KZ 73.

Woiy ' fy  3,733-107°-355-10°
Mcray = = = 13,252 kNm
T YMmo 1,0
Mypa 1,144

- =009 < 1,0 - vyhovuj
M,rqy 13,252 vyhovuje

Posouzeni na smyk:
max V, gq = 0,811 kN

Prvek pod vaznici 7 mezi vazniky A - B, hodnotaombinace KZ 73.

Ay, f, 7,85-107%-355-10°
VeRrdz = e
VB Vv3-1,0

Vopa 0,811
Veraz 160,893

= 160,893 kN

= 0,01 < 1,0 ---vyhovuje

Posouzeni na kombinaci ohybu a osového tlaku:
max N.gq = 42,932 kKN

odp My gq = max My gq = 1,144 kNm

odp M, gq = 0 KNm
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Prvek pod vaznici 7 mezi vazniky A - B, hodnotaombinace KZ 73.

=T JL ‘ J[Lf

Nrix = A-f, =1,57-1073-355-10° = 557,35 kN 1144 KNm
My rk = Mzrk = Wp1y - fy = 3,733 107> - 355 - 10° = 13,252 kNm

Mgy = 1,144 kNm; My, , = 0 kNm; yM;; = 0kNm - ¢ =0

My y 0

= o e— 0
“hy =M., T 1,144

sy
Cmy = 0,95 + 0,05 - &ty = 0,95 + 0,05 0 = 0,95

— Ngq Ngq
oo | 14 (Ao —0,2)- <coo-| 1408
my ( y ) Xy * NRk my Xy* NRk
YM1 YM1
095-]1 1+ (2,52—-0,2 __42932 <095-|1+0,8 __42932
' +(252-02) 597755735 | =0 +09 912455735
10 1.0
2,12 > 1,35 - kyy = 1,35
Kyy = 0,6 - kyy = 0,6+ 1,35 = 0,81
Ngg My g + AMygq Mypg + AMpg
Xy " Nri vy XLt " My ric vz M, rk
YM1 YM1 YM1
42,932 gs, LU0
014-55735 " 32" 10.55735 1 V=0
1,0 1,0
0,72 < 1,0 ---vyhovuje
N4 My gg + AMy g M pg + AMpg
Xz Nexk % Xur - Mygrk “ M, rk
YM1 YM1 YM1
42,932 (g LI4HO
014-55735 T V8 79755735 TV =0
1.0 1.0

0,60 < 1,0 ---vyhovuje
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3.10Pri¢né ztuzidlo
Prifez: RD 15

Y

u
—

B

Obr. 20: profil piicného ztuzidla
Pruiezové charakteristiky:
Plocha pitfezu: A=177-10"*m?

Materialové charakteristiky:
Mez kluzu oceli: f =355 MPa
Modlu pruznosti: E =210 GPa

Posouzeni na tah:
max Nygq = 42,625 KN

Prvek na levé strampod vaznikem A, hodnota z kombinace KZ 57.

A-f, 1,77-107*-355-10°

Nirg = = 62,835 kN
o 1.0
Nepa _ 42625 _ 68 < 1.0 - vyhovuj
Nega 62,835 o0 = 0 VYHOVHE
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4 Posouzeni dalSich prvia na MSP

Nasledujici posudky konstréikich prviki na MSP jsou uvedeny Zidbdu maximalniho

vyuziti pri jednotlivych posouzenich.

Pazdiky v podélné stné

Prirez: Jackl 120/120/7,1 valcovany za tepla
Prvek na pravé stréammezi vazniky A - B, hodnota z
=3 3 mm
kombinace KZ 139. T
e
w=209-28=181mm Y
_ L _ 5000 _ 20 % -20.9 mim
Plim =950 =~ 250 M 7
I
W -f-ETE iy
Olim = 20 mm > o = 18,1 mm --- vyhovuje
Pazdiky v éelni s&né
Prirez: Jackl 120/120/7,1 valcovany za tepla e
Prvek v zadnéelni s€n¢, hodnota z kombinace KZ 130. -
4.0 mE 'T —!'1
w=223—-4,0=183mm 5 |
_ Lo _se4
Plim =550~ 250 ™M
Olim = 20,7 mm > ® = 18,3 mm --- vyhovuje
Sloupy v éelni séné
- i i j:'—llll 234 mm
Prirez: Jackl 220/120/12,5 valcovany za tepla
., . 26.2
Prvek v gednicelni sén¢ pod vaznici 5, hodnota z kombinace o
> —
KZ 146. =21.3 mm

w = 26,2 mm

_ L _s8000__ g
@iim = 399 = 300 2>/ MM

Olim = 26,7 mm > ® = 26,2 mm --- vyhovuje
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5 Posouzeni spaj
5.1 Pripojeni diagondl a svislice k dolnimu pasu

Tr 45/4 Tr 82,5/8

Tr 82,5/8

i
|

I

Obr. 21: KT stynik u dolniho pasu
Vnitini sily
Nogq = 307,44 kN
N;gq = 207,94 kN
N, gq = 165,84 kN
N3 gq = 4,09 kN

Rozméry

to=7,1mm; t; =t, = 8 mm; t; = 4 mm

by = hy = 160 mm; d; = d, = 82,5 mm; d; = 45 mm
0, =6, = 35°% 6; =90°

Posouzeni svaru diagonaly 1 na dolni pas
Amin =3mMm<a<ap,y=11'thi; =11-71=8mm —»a=4mm
L=mn-d; =1-825=259,2mm
A=L-a=2592" 4 =1036,7 mm?

_ Nygq-sin®; 207,94-10°-sin35

6. =1, = — — 81,35 MPa
o A2 1036,7 - V2
_ Nygq-cos®; 207,94-10°-cos35 16430 MP
o= A - 1036,7 - 0% a
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f
\/0i+3__[i+3__[z<—u

= Bw * Ym2

8135743 8135243 164307 < — 0 _

’ ‘ = =0,9-1,25

327,80 MPa < 435,56 MPa ---vyhovuje
09-f,
oL % YM2
8135 < 20 490
P2 =125

81,35 MPa < 352,8 MPa ---vyhovuje

Posouzeni svaru diagondly 2 na dolni pas
Amin =3mMm<a<ap,xy =11ty =11-71=8mm — a=4mm
L=mn-d, =m-82,5=259,2mm
A=L-a=2592-4=1036,7 mm?

_ Npgq-sin®, 165,84 -10°-sin35

0, =1, = NG = 10367 V2 = 64,88 MPa
N, gq-cosB, 165,84-103-cos35
T =— n = 10367 = 131,04 MPa
Joz +3- 1 +3-12Sf—u
* * "7 B Ymz
/64,882 + 3 - 64,882 + 3-131,042 < _490
0,9-1,25
261,44 MPa < 435,56 MPa ---vyhovuje
0,9 -f,
oL = YMm2
64,88 < 22 290
T 1,25

64,88 MPa < 352,8 MPa ---vyhovuje

Posouzeni svaru svislice na dolni pas
Amin =3mm<a<ap,y=11'thim,=11"4=4mm->a=3mm
L=mn-d;3 =m-45=141,4mm
A=L-a=141,4-3 = 424,1 mm?

Nygq  4,09-10°
LTANZ 424142

0, =T = 6,82 MPa
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T":O

f
\/Gf_+3'T§_+3'TﬁSBWI—UYMZ
490
0,9-1,25

13,64 MPa < 435,56 MPa --- vyhovuje

V6,822 +3:6,822+3-0<

0,9 -f,
Ymz
0,9 -490
1,25

O_J_S

13,64 <

13,64 MPa < 352,8 MPa ---vyhovuje

Rozsah platnosti

$=%=052 > 0,25 .- plati
b, 160 e
E=£=028>025 .- plati
b, 160 SR
$= %= 10,3 < 35 ---plati
ty 8 T
d; 45
—=—=11,3 <35 ---plati
t; 4
ﬁ=@= 22,5 > 15 ---plati
ty 7,1 T
d; +d; .
0,6 < <13-06<10<13 --plati

2d,

Odolnost proti poruseni povrchu dolniho pasu
d; +d,+d; 825+825+45
= = = 0,44
3-b, 3-160
by _ 160 — 1127
2:t, 2-71

Noga  Moga 307,44-10% 2,683 -10°

'Y:

_ 4 - + — 86,308 MP
00k = A T T Wey | 4211073 ' 2,02- 10 a
Gopd 86,308
— —OFd _ = 0,24
T, 355
k, = 1,0 - tah

55



Pauer Jan Staticky vypet VUT v Brre

8J9'kn'fy,0't%'\/?_<d1+d2+d3>
T

Ny oy = sin 64 3-bg m
' YMms 4
89-1,0- 355 - 7,12 - m (82,5 + 82,5+ 4-5)
Ny g = sin 35 — 3-160 % — 320,28 kN

Posouzeni
Ny gq - sin; < Ny gq - sind;
207,94 - sin 35 < 320,28 - sin 35
119,269 kN < 183,704 kN --- vyhovuje

NZ,Ed . Sinez + N3,Ed . Sin93 < Nl,Rd . Sin91
165,84 - sin 35 + 4,09 - sin90 < 320,28 - sin 35

99,212 kN < 183,704 kN - vyhovuje

Odolnost proti poruseni mezipasového prutu

Diagonaly:
_ 10 fyo - to 10 355-10°-7,1 825 — 32
f =By f,,-t; ' 160 355-106-8 - o0
to 7,1

fy,l : tl ) (2d1 - 4‘t1 + d1 + beff) g

N1,Rd = Nz,Rd = Z

YMms

355-8-(2-82,5—-4-8+825+32) @

Nird = Nora = 0 i 553,151 kN

Nigq = 207,94 kN < N; gq = 553,151 kN --- vyhovuje

Svislice:
_10 fyo'ty 10 355-10°-71 . .
f =By f3-t; ° 160 355-106-4 0
to 71

N _ fy'3 - t3 - (2d3 - 4’t3 + d3 + beff) ) E

3Rd YMs 4

355-4-(2-45—4-44+45+4+35)

N3rq = o 7 = 172,247 kN

Nigq = 409 kN < N; pg = 172,247 kN - vyhovuje
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5.2 Pripojeni vnitiFni svislice k dolnimu pasu vazniku A

Tr 45/4

f
T Ni g

Jackl 220/220/10 ca"‘f':ﬂI'
s T

)

Obr. 22: T stynik u dolniho pasu

0,Ed

& =

Vnitini sily
Nogq = 431,6 kN
N;gq = 43,562 kN

Rozméry

to = 10 mm; t; = 4 mm

by = hy = 220 mm; d; = 45 mm
6, =90°

Posouzeni svaru svislice na dolni pas
Amin =3mm<a<ap,y=11'thim,=11"4=4mm—->a=3mm
L=m-d;3 =m-45=141,4mm
A=L-a=141,4-3 = 424,1 mm?

Nigq 43,562-10°
A2 424142
=0

o, = = 72,63 MPa

u

Bw "YM2

\/Gi+3-ri+3-rﬁs

490
0,9-1,25
145,26 MPa < 435,56 MPa --- vyhovuje

V72,632 +3-73,632+3-0 <
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72,63 MPa < 352,8 MPa ---vyhovuje

Rozsah platnosti

d; 45 ;
b_o =520 = 0,20 < 0,25 ---neplati
t, 4 T

E = @ = 22,5>15 - plati

te 7,1 B

Nutno uvazovat vSechny &gpoby poruseni.

Odolnost proti poruseni povrchu dolniho pasu

_dy 45 020
b, 220
_dy 45 — 020
"=, " 220
k, = 1,0 - tah
kn'fy,O't(_'z) 2n
(1—5)-sinel'(sinel+4 T-8) n
NLmi: e
Ywms 4
1,0-355-102 (2-0,2
’ —__. (2 '+4\/1—o‘2)
1—0,2) -sin 90 ( 90 “) n
Nl,Rdz( ) - sin 15(;11 -Z=139,39kN

43,562 kN < 139,39 kN --- vyhovuje

Vyboéeni baéni stény pasu

bito. (24410,

_ sin0; \sin6, T
LR YMs 4
355-10 (245
: (5224 10-10) o
Ny pq = 090 (S‘i‘go ) 7 = 529,751 kN

43,562 kN < 529,751 kN --- vyhovuje
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Odolnost proti poruSeni mezipasového prutu

N 10 50t _ 10 355-10°-10 45 = 51
eff =y f,,-t, 1 220 355.106.4 > > mm
=Y y,1 1 -
to 10
fy,l ' tl ' (2d1 - 4‘t1 + 2beff) o
N1,Rd = Z
YmMms
355:4-(2-45—-4-44+2-51) ©
Nirq = 10 ) = 196,287 kN

Nigq = 43,562 kN < N; gq = 196,287 kN --- vyhovuje

Prolomeni smykem

10 10
d; = 55545 =20 mm

Pr =By 7720
to 10
fyo -t 2-d
yo *0 | 1 .
N o = V3 -sin @, (Sin 6, 2 be’p) i
Ra YMms 4
355-10 (2-45
V3 -sin90 ' (sin90 +2 20) Tt
Nirqa = 10 ‘7= 209,267 kN

Nigq = 43,562 kN < N; pgq = 209,267 kN -+ vyhovuje

5.3 Pripojeni diagonal a svislice k hornimu pasu

NE.Ed

Ty

"
Tr82,5/8 Tr 45/4
Obr. 23: KT stynik u horniho pasu

Tr 82,5/8

Vnitni sily
Nogq = 419,95 kN
N;gq = 165,84 kN
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N,gq = 131,86 kN
N3gq = 11,02 kN

Rozméry

to =7,1mm; t; =t, = 8 mm; t; = 4 mm

by = hy = 160 mm; d; = d, = 82,5 mm; d; = 45 mm
0, =0, =35°% 6; =90°

Posouzeni svaru diagonaly 1 na horni pas
Amin =3mMm<a<ap,xy =11ty =11-71=8mm —» a=4mm
L=mn-d; =1-825=259,2mm
A=L-a=2592" 4 =1036,7 mm?

_ Nygq-sin®; 16584-10°-sin35

0, =T, = N = 10367 V2 = 64,88 MPa
Nigq-cos®; 165,84-103- cos35
T =— n = 10367 = 131,04 MPa
Joz +3- 1 +3-12Sf—u
* * "7 B Ymz
/64,882 + 3 - 64,882 + 3-131,042 < _490
0,9-1,25
261,43 MPa < 435,56 MPa ---vyhovuje
0,9 -f,
oL = YMm2
64,88 < 22 20
T 1,25

64,88 MPa < 352,8 MPa ---vyhovuje

Posouzeni svaru diagonaly 2 na horni pas
Amin =3mMm<a<ap,xy =11ty =11-71=8mm - a=4mm
L=mn-d, =m-82,5=259,2mm
A=L-a=2592" 4 =1036,7 mm?

_ Npgq-sin®, 131,86-10°-sin35

6. =1, = — — 51,59 MPa
o A2 1036,7 -2
_ Npgq-cosB, 131,86-10%-cos35 10419 MP
o= A - 1036,7 - a
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u

\/0_21_+3'T_21_+3"[2<

= Bw * Ym2

/51,597 +3 51592 43 108197 < — 0

’ ‘ =7 =0,9-1,25

207,87 MPa < 435,56 MPa ---vyhovuje
09-f,
oL % YM2
51,59 < 20 490
27 =125

51,59 MPa < 352,8 MPa ---vyhovuje

Posouzeni svaru svislice na horni pas
Amin =3mm<a<ap,y=11'thixm,=11"4=4mm—->a=3mm
L=m-d3 =m-45=141,4mm
A=L-a=141,4-3 = 424,1 mm?

Nygq 11,02-10°
“TANZ 424142
=0

6, = = 18,37 MPa

f
o2 +3- 12 +3- P <——
\/'L * : Bw " Ym2

490
0,9-1,25
36,73 MPa < 435,56 MPa ---vyhovuje

V18372 +3-18,372+3-0 <

09-f
0, < 4

YMm2
0,9-490

<
18,37 < 125

18,37 MPa < 352,8 MPa --- vyhovuje

Rozsah platnosti

Oll—82'5—052>025 lati
by 160 U7 Pt
d3—45—028>025 lati
by 160 T P
d, 825 )
— =——=10,3 < 35 - plati
ty 8
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d; 45 )
—=—=11,3 < 35 ---plati
t,; 4
bO—160—225>15 lati
t, 71 = plat

d, +d, )
0,6 < <13-06<10<1,3 -plat

2d,

Odolnost proti poruSeni povrchu horniho pasu
d; +d,+d; 82,5+825+45
= = = 0,44
3-b, 3-160
by _ 160 — 1127
2:tg 2-71

Noga  Moga 419,95-10° 5,381-10°

'Y:

_ 4 - + = 126,39 MP
00k = A T T Wey | 4211073 ' 2,02-10° a
Gopa 126,39
n=-2Ed _ = 0,36
f0 355
0,41 0,4+ 0,36
kn:].,g— B :1,3—W:0,97
8,9-kn-fy,o-t%-x/7_<d1+d2 +d3>
N _ sin 0, 3-by T
1,Rd = T
' YMms 4
8,9 0,97 - 355 - 7,12 - V11,27 | (82,5 +82,5 + 45)
3 . T
Nigra = Sin 35 — 3160 7 = 31219 kN

Posouzeni
N; gq - sinB; < Nj gq - sind;
165,84 - sin 35 < 312,19 - sin 35
95,122 kN < 179,018 kN ---vyhovuje

N; gq - sinB; + N3 gq * sinB3 < N; gq * Sind;

131,86 -sin35 + 11,02 - sin90 < 312,19 - sin 35
86,647 kN < 179,018 kN --- vyhovuje
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Odolnost proti poruSeni mezipasového prutu

Diagonaly:
b _10 fyo - to B 10 355-10°-7,1 825 — 32
f =By f,,-t; ' 160 355-106-8 - o0
to 7,1
fy,l : tl ) (2d1 - 4‘t1 + d1 + beff) T
N1,Rd = Nz,Rd = T —
YMs 4
355:8-(2-825—-4-8+825+32) ™
Nird = Nyra = +—=553,151 kN
' ' 1,0 4
Nigq = 165,84 kN < N; gq = 553,151 kN --- vyhovuje
Svislice:
B 10 fy0-to 4 = 10 355-10°-7,1 A5 = 35
eff_ﬁ fy'?,'tg 3_@ 355106 - 4 = mm
to 71
fy'3 - t3 - (2d3 - 4’t3 + d3 + beff) Tt
N3rq = .
Ym™s 4
355-4-(2-45—4-4+45+35) m
N3rd = 0 i 172,247 kN

Nigq = 11,02 kN < N; gq = 172,247 kN ---vyhovuje

5.4 Pripojeni vnitini svislice k hornimu pasu

N
_ "V0Ed

)

Jackl 160/160/7,1

Ak

Tr 45/4
Obr. 24: T stynik u horniho pasu

Vnitni sily
NoEq = 303,18 kN

Nigq = 13,986 kN
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Rozméry

to = 7,1 mm; t; = 4 mm

by = hy = 160 mm; d; = 45 mm
6, =90°

Posouzeni svaru svislice na horni pas

apipn =3mm<a<ap;=11'ty,=11-4=

L=m-d3 =m-45=141,4mm
A=L-a=1414-3 = 424,1 mm?

Niga 13,986-103
“TANZ 424142

T"=0

6, = = 23,32 MPa

f
o2 +3 12 +3- P <——
\/'L * : Bw " Ym2

490
09-1,25

46,64 MPa < 435,56 MPa

V23,322 +3-23,322+3-0 <

0,9-f,
Ym2
0,9-490
1,25

GJ_S

23,32 <

23,32 MPa < 352,8 MPa

Rozsah platnosti

d1—45—028>025 lati
b, 160 ' Pt
d, 45 ,
— =—=11,25 < 35 - plati
t, 4

bO—160—225>15 lati
ty, 71 777 Pt

Odolnost proti poruSeni povrchu horniho pasu

d, 45
“b, " 160 %8

d, 45
"=h, 160 020
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Noga Moga 303,18-10°  4,52-103

= + = + = 94,39 MP
00k = A T T Wo | 4211073 2,02 10 a
Gopa 94,39
n=-2d_ 7227 _ 27
f0 355
g 04 04027
ne B 028
kr1 ' fy,O ' t(2) 2T‘|
N _(1—[%)-sin61'(sin(%)1-}_4 1_8)_E
LR YMs 4
0,92-355-7,12 (20,28
(1—10,28) -5in 90 (Gimoo ++V1-028)
NiRra = 1o i 77,31 kN

13,986 kN < 77,31 kN --- vyhovuje

Odolnost proti poruSeni mezipasoveho prutu

o _10 foty 10 355-10°-71
f =By f,,-t; ' 160 355-106-4 om0
T 71
N _ fy,l - t1 - (Zdl - 4’t1 + Zbeff) ) E
LR YMs 4
355-4-(2-45—-4-4+2-35) m
Nira = = 7 = 160,598 kN

Nigq = 43,562 kN < N; pq = 160,598 kN -+ vyhovuje

5.5 Pr¥ipojeni krajni diagonaly k hornimu pasu
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Vnitini sily
Nogqa = 192,81 kN
N;gq = 207,94 kN

Rozméry

to = 7,1 mm; t; = 8 mm

by = hy = 160 mm; d; = 82,5 mm
0, = 35°

Posouzeni svaru diagonaly na horni pas

Apin =3mMmm<a<ap,x=L1'tyipn=11-71=8mm —a=4mm

L=mn-d;, =m-825=259,2mm
A=1L-a=2592 4 =1036,7 mm?
_ Nygq-sin®; 207,94-10°-sin35

o, =1, = A2 = 10367 V3 = 81,35MPa
Nigq-cos®; 207,94-103-cos35
T = — X = 1036.7 = 164,3 MPa
\/0i+3.Ti+3.TﬁSBW'—u}/Mz
/81,352 + 381,352 + 3 - 164,32 < 20
’ "~ 709-1,25
327,8 MPa < 435,56 MPa ---vyhovuje
0,9-f,
oL = YMm2
81,35 < 20 90
T T 1,25

81,35 MPa < 352,8 MPa ---vyhovuje

Rozsah platnosti

d1—82'5—052>025 lati
by 160 ' P
d, 825 ,
— =——=10,3 < 35 - plati
t, 8

bO—160—225>15 latf
ty, 71 777 P
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Odolnost proti poruSeni povrchu horniho pasu

d, 82,5
B =5, = Te0 = *°?

d, 825
=g " 160 - 02

Noga  Moga 192,81-10° 2,646 - 10°

= = +
C0Ed =T T Weo | 421-1073  2,02-1074

Goga 58,897
n: =

=0,17
f o 355
0,4-n 0,4-0,17
k, =13 — = - =117 5k, =

=13 -
B 0,52

ko B (o, g

= 58,897 MPa

1,0

N _(1—8)-sin91' sin 0, T
LRAT YwMs 4
1,0-355- 7,12 2-0,52
: ; |\ —=——%=+4y/1-0,52
1-0,52)- 35 ( 35 ! )11
Nira = ( ) -sin — -—=1231,792 kN
' 1,0 4
207,94 kN < 231,792 kN --- vyhovuje
Odolnost proti poruSeni mezipasoveého prutu
_10 fyo'ty . _ 10 355-10°-71 . . _ .
f =By f,,-t; ' 160 355-106-8 0 o0
to 71
N _ fy,l - tl - (Zdl - 4’t1 + Zbeff) ) E
LR YMms 4
355-8-(2:825—-4-84+2-32) w
LRd = o 7 = 439,414 kN

Nigq = 207,94 kN < N; gq = 439,414 kN --- vyhovuje
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6 Posouzeni montaznich spdj

ENZAANZAN

dilec 1 dilec 2 !f
/ dilec 3
/
Obr. 26: rozéleni montaznich dil
6.1 Montazni spoj horniho pasu
Iy
N
> —
T T T X1 X | 4 ’ $ —x
o ’ ol o
————— B e i
_ 1= | __ _ S0 I —x
20 |||, 20 25 1, 210 |} 25 Q
7 | r
260
A A

Obr. 27: montazni spoj horniho pasu
4x Srouby M16 8.8
Vnitini sily
Ngq = 175,67 kN
V,gqa = 9,793 kN
My g4 = 6,656 kNm

Rozméry a materidlové charakteristiky
d =16 mm; dy = 18 mm; d,, = 25,9 mm; A = 201,1 mm?; Ag = 157 mm?
t = 20 mm; f,;, = 800 MPa; fj;, = 640 MPa
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Roztete

mine; =1,2-dy =1,2-18 = 21,6 - e; = 25mm
minp; =2,2-dy, =2,2-18=39,6 - p; = 210 mm
mine, =1,2-dy =1,2-18 = 21,6 > e, = 25 mm
minp, =2,4-dy = 2,4-18 = 43,2 - p, = 130 mm

Posouzeni na smyk

a) posouzeni naih

) ) 5 V,ea 9,793
sila na jeden Sroub Fy;gq = 4 =—7 = 2,448 kN
. . 06-fyp-A 1 0,6-800-201,1 77 208 kN
vRd =TT 125 "
Fyiea 2,448

= — 0,03 < 1,0 - vyhovuj
Fyra 77,208 vynovuje

b) posouzeni na ottani materialu

k4 =min<2,8-d -1,7;14- 3—2—17 25) = min(2,19;8,41;2,5) = 2,19
0 0

e P _1fw

3'd0’3'd0 4"fu

ky-a-f,-d-t 219-0,46-490-16-20

F = = =127,118 kN
bRd Ynz 1,25

Fyipa 2,448
Fpra 127,118

a= min( ; 1) = min(0,46; 3,64;1,63; 1) = 0,46

= 0,02 < 1,0 ---vyhovuje

Posouzeni na tah

 Ngq 175,67
Fiipa ==, =—— = 43918kN

vliv paceni

b=25mm; a=25mm; r=123,5 mm

3125+ 162
= 27,3

tE=4‘3

3
yp_1+0005 d2 =1+ 0,005 - T_1’24
F M L 6656 = 13,474 kN
Rl 4-123,52
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Forea = Yp - (Forea + Fim) = 1,24 - (43,918 + 13,474) = 71,239 kN

a) posouzeni naiptrzeni
0,9 fy,"As _ 0,9-800-157

- = 90,432 kN
v YMm2 1,25
Feipa 71,239
= — 0,79 < 1,0 - vyhovuj
Fira 90,432 vyhovuje

b) posouzeni na protrzeni

0,6 dp-t-fy-m _0,6-259-20-490 -7
YM2 1,25

Fiiga 71,239

Brra 382,752

pRA = = 382,752 kN

= 0,19 < 1,0 ---vyhovuje

Kombinace smyku a tahu
Fv,l,EdJr Fiipa 2,448 N 71,239
Fyra 14:Fira 77,208  1,4-90,432

= 0,59 < 1,0 ---vyhovuje

6.2 Montazni spoj dolniho pasu

[Tp]
(g
X X s & o —<X T
______ i =~ “ A l'p]
’ o
N Q é A o
—— > el—- ¢ % —Fg
______ I o} =
X & 4 & —%
Q
20“ 20 25 |}, 105 J, 105 L)[25
;= Fy
260 |

Obr. 28: montazni spoj dolniho pasu
8x Srouby M16 8.8

70



Pauer Jan Staticky vypet VUT v Brre

Vnitini sily

Ngq = 492,66 kN
V,gq = 10,708 kN
My g4 = 4,291 kNm

Rozmeéry a materialové charakteristiky
d =16 mm; dy = 18 mm; d,, = 25,9 mm; A = 201,1 mm?; Ag = 157 mm?
t = 20 mm; f,;, = 800 MPa; fj;, = 640 MPa

Roztefe

mine; =1,2-dy =1,2-18 = 21,6 - e; = 25 mm
minp; = 2,2-dy =2,2-18 =39,6 - p; = 105 mm
mine, =1,2-dy =1,2-18 = 21,6 - e, = 25 mm
minp, =2,4-d, =2,4-18 = 43,2 - p, = 105 mm

Posouzeni na smyk

a) posouzeni naih

) ) 5 V,ea 10,708
sila na jeden Sroub Fy;gq = 8 =—35 = 1,339 kN
. __06-fyp-A  06-800-201,1 77 208 kN
vRd =TT 125 "
Fyiea 1,339

= =0,02<1,0 ---vyh i
Fyra 77,208 02 <1, vyhovuje

b) posouzeni na ottani materialu

e
k, = min (2,8 : d—z ~1,7;1,4- 3—2 - 1,7 2,5) = min(2,19; 6,47; 2,5) = 2,19

0 0

. €1 P1 1 fup ) .
= ; ——;—1) = 0,46;1,69;1,63;1) = 0,46
o (3 o’ 3-d, 4T, min( )
ki-a-f,-d-t 2,19-0,46-490-16-20
Fb Rd — == == 127,118 kN
’ YMm2 1,25
Fyiea 1,339

= = 0,01 < 1,0 - vyhovuyj
Fora 127,118 vyrovije
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Posouzeni na tah

 Ngg 492,66
Fi1Ed =3 =~ g = 61,583 kN

vliv p&eni

b =25 mm; a = 25 mm; r; = 105 mm; r, = 148,5 mm

3125+ 162
= 27,3

tp =43
3
140005 E Y o005 273 220 oy
Yp dz 162
F. =M 2 —4291 148> = 4,816 kN
M IVEC Y G2 413y T YT 4-1052 + 414852

Forea = Yp - (Forea + Fim) = 1,24 - (61,583 + 4,816) = 82,42 kN

a) posouzeni naiptrzeni
0,9 fy,"As _ 0,9-800-157

Frrd = B = 90,432 kN
tRd _— o8
Fiipa 8242
= — 0,91 < 1,0 - vyhovuj
Fira 90,432 vyhovuje

b) posouzeni na protrzeni

o _06-dp-tf-m_ 0625920490 T gy 752 kN
PRd = VMo 1,25 ’

Feipa 82,42
Bpra 382,752

= 0,22 < 1,0 ---vyhovyje

Kombinace smyku a tahu
Fy1Ed 4 Fiiga 1,339 4 82,42
Fora 14:Fira 77,208  1,4-90,432

= 0,67 < 1,0 ---vyhovuje
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6.3 Montazni spoj diagonaly vazniku

Jackl 160/160/7,1

Tr 82,5/8

Obr. 29: montazni spoj diagonaly

2x Srouby M16 5.6

Vnitni sily
Ngq = 66,246 kN

Rozmeéry a materialové charakteristiky
d =16 mm; dy = 18 mm; d,, = 25,9 mm; A = 201,1 mm?; Ag = 157 mm?
t = 8 mm; f;, = 500 MPa; f,;, = 300 MPa

Roztete

mine; =1,2-dy =1,2-18 = 21,6 » e; = 40 mm
minp; = 2,2-dy =2,2-18 = 39,6 - p; = 65 mm
mine, =1,2-dy, =1,2-18 = 21,6 - e, = 55 mm
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Posouzeni na smyk

C) posouzeni naih

) ) 5 Ngq 66,246
sila na jeden Sroub Fy;gq = - =5 = 33,123 kN
. __06-fyp-A  06-500-201,1 48.255 kN
vRd =TT 125
Fyiga 33,123
—— = =0,69 <10 ---vyh i
Fyra 48,255 vyhovyje

d) posouzeni na otfani materialu

e
k, = min (2,8 : d—z ~1,7;1,4- 3—2 -1,7; 2,5) = min(6,86; —; 2,5) = 2,5

0 0

o = min (3 :O; 3?30 —%;f;—ub; 1) = min(0,74; 0,95; 1,02; 1) = 0,74
b —kiofudt 25:074-49016°8 o o
’ YM2 1,25
Fyiea 33,123

= = 0,36 < 1,0 - vyhovuj
Fpra 92919 vyhovuje

Posouzeni na oslabeni
Aper =Ap, —dy-t=110-8—18-8 = 736 mm?
0,9 Anet*fy  0,9-736-490

Nu,Rd = Vo 125 = 259,66 kN
NEgq 66,246 |
Nyra 259,66 0,26 < 1,0 ---vyhovuje

Posouzeni svaru diagonala — sépikovy plech

Tr82581 —F%

110,5

L .
we

Obr. 30: spoj diagonaly se styikovym plechem
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Amin =3mMmm<a<an,xy=11'thi;=11-8=9mm—->a=3mm
L=40—-2-a=40—-2-3 =34 mm
A=4-L-a=4-34-3 =408 mm?

_Neag 66296 107 _ ¢, 365 wp
UETA T T a8 ?

u

Bw "YM2

\/Gi+3-ri+3-rﬁs

\/02+3-02+3-1623682<ﬂ
’ ~09-1,25

281,23 MPa < 435,56 MPa ---vyhovuje

6.4 Pripojeni vaznice na horni pas vazniku

Jéckl 160/160/7,1
| Jackl 160/160/7,1

Jackl 12[]!12[]1’?,1 i i I

New o | o N m

R R -
1 1501 |l I Il Jackl 120/120/7,1 I
= ’
e || 6"

Obr. 31: pidorys arez spoje vaznice na horni pas vazniku
1x Sroub M16 8.8

Vnitni sily
Ngq = 47,131 kN
Vgq = 3,875 kN

Rozmeéry a materialové charakteristiky
d =16 mm; dy = 18 mm; d,, = 25,9 mm; A = 201,1 mm?; Ag = 157 mm?
t = 8 mm; f,,, = 800 MPa; f,;, = 640 MPa

Roztete
mine; =1,2-dy =1,2-18 = 21,6 - e; = 24 mm

mine, =1,2-dy =1,2-18 = 21,6 - e, = 40 mm
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Posouzeni na smyk

a) posouzeni naih

06-fup"A _ 0,6-800-201,1
YM2 1,25

Ngq _ 47,131

Fyra 77,208

Fypq =10 = 77,208 kN

= 0,61 < 1,0 ---vyhovuje

b) posouzeni na ottani materialu

e
k, = min (2,8 17,14 S—Z —1,7; 2,5) — min(4,52; —; 2,5) = 2,5
0 0

« = min (3 ?1610; 3?—30 —%;f;‘—ub; 1) — min(0,44; —; 1,63; 1) = 0,44
po _Koacfidor 2504449001608
' YM2 1,25 ’
Nga 47,131

Fb,Rd - 55,194 = 0,85 < 1’0 -..vyhovu]e

Posouzeni na oslabeni
Apet =A, —do-t=80-8—18-8 = 496 mm?
0,9 Aper-fy 0,9-496-490
Nu,Rd = =
Ym2 1,25
Ngq 47,131
Nura 174,989

= 174,989 kN

= 0,27 < 1,0 ---vyhovuje

Posouzeni svaru kolem profilu vaznice

Amin =3mMm<a<ap,y=11'thi;;=11-71=8mm —»a=3mm
L=L,=120—-2-a= 114 mm
Aj=A,=2'L;ra=2-114-3 = 684 mm?

Ngq  47,131-103
A V2 68442
Vea _ 3,875 10°
A, 684

0o, =11, = :48,72Mpa

T = = 5,67 MPa

f
\/Gf_+3'T§_+3'TﬁSBWI—UYMZ

490
2 . 2 . 2 < -
48,722 + 3-48,722 + 35,67 < 09.135
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97,93 MPa < 435,56 MPa ---vyhovuje

48,72 MPa < 352,8 MPa ---vyhovuje

6.5 PFipojeni piriéného ztuzidla k hornimu pasu vazniku

Jackl 120/120/7,1

Jackl 160/160/7,1 Jackl 120/120/7 1

In

t
A
o
o

Obr. 32: pidorys arez spoje fichého ztuzidla k hornimu pasu vazniku
1x Sroub M12 5.6

Vnit¥ni sily
Ngq = 22,551 kN

Rozméry a materidlové charakteristiky
d =12 mm; dy = 13 mm; d,, = 20,5 mm; A = 113,1 mm?; Ag = 84,3 mm?
t = 8 mm; f,, = 500 MPa; f,;, = 300 MPa

Roztete

mine; =1,2-dy =1,2-13 =15,6 > e; = 16 mm
mine, =1,2-dy =1,2-13 =15,6 > e, = 16 mm

1



Pauer Jan Staticky vypet VUT v Brre

Posouzeni na smyk

a) posouzeni naih

06 fp"A _ 06-500-113,1
YM2 1,25

Ngq _ 22,551
Fora 27,143

Fypq =10 = 27,143 kN

= 0,83 < 1,0 ---vyhovuje

b) posouzeni na ottani materialu

e
k; = min (2,8 . d—2 -17;1,4- 3—2 -1,7 2,5) = min(1,75; —; 2,5) = 1,75

0 0

o = min (3 ?1610; 3‘_’30 —%;f;‘—ub; 1) = min(0,41; —; 1,02; 1) = 0,41
- _kjrafyrdt 1,75-041-490-12-8 2701 kN
’ YM2 1,25
Nea = 22,551 = 0,83 < 1,0 ---vyhovuje
Fora 27,01

Posouzeni na oslabeni
Aper =Ap,—dy-t=32-8—-13-8 =152 mm?
0,9 Apet-fy  0,9-152-490

= = 53,626 kN
wRd YMm2 1,25
Ned —22’551—042<10 h j
e =%3626 " " , vyhovuje

Posouzeni svaru s#§nikovy plech — pri¢né ztuzidlo

Amin =3mMmm<a<an,y=11'tyi;=11-8=9mm —>a=3mm
L=40—-2-a=34mm

A=2-L-a=2-34-3 =204 mm?

o,=1,=0

Npa 22,551 103

= = 110,544 MP
= TA 204 ’ a
\/0i+3.Ti+3.TﬁSBW'—u}/Mz
490

. . 2 <
VO +3-0+3-110,544 < 09125

191,47 MPa < 435,56 MPa ---vyhovuje
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6.6 Pripojeni vazniku na sloup

Rez éepem
]
[ZN
4"E
4'5
N— Tr 82,5/8 “ﬂj @
s |
| Jackl 35()]"’250!14,2 I 16 16
| 1 ‘IB
Obr. 33: pipojeni vazniku na sloup
Cep M24 8.8
Vnitni sily

Ngq = 135,46 kN

Rozméry a materidlové charakteristiky
d = 24 mm; d, = 26 mm; A = 452,4 mm?; W, = 1357,2 mm?3
t=18mm; t; = 16 mm; fup = 800 MPa3; fyp = 640 MPa
Roztete

Ngd * Yo +2-d0 _13546-10 +2-26
2-t-f; 3 2-18-355-103 3

Nea ymo do  13546-1,0 26
—Ed TMo, 0 2=193-31
2-t-f, '3 2-18-355-10° ' 3 oo mm

a>

= 27,9 > 35 mm

c>

Posouzeni na $th
n = 2 --- pocet strihovych rovin
0,6 fup A 10,6-800-452,4
YMm2 1,25
Ngq 135,46
Fyra 347,44

Fyra =n- = 347,44 kKN

= 0,39 < 1,0 ---vyhovuje
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Posouzeni na unosnost plechu&pu v otlateni
1,5-fy-d-t_ 1,5-355-24-18

b,Rd Yot 110
Ngq _135,4-6_059<10 . |
Fora 230,04 ’ vyhovuje

Posouzeni na Unosnosepu v ohybu
135,46

N
MEdz?Ed-(d+4-(d0—d)+2-t1)= .(24+4-2+2-16) = 0,98 kNm

B 1,5-W, - fyp _ 1,5-1357,2-107°-355-103
Rd YMmo 1,0
Mgg 0,98

M_Rd = 13 = 0,75 < 1,0 ---vyhovuje

= 1,3 kNm

Kombinace s¥ihu a ohybu
MEd]z 4 lNEd r
MR4

B [0,98 ? L [13546
113 347,44

2
] = 0,72 ---vyhovuje
FIV,Rd

7 Kotveni sloupu

Kotveni sloujd je navrzeno v programu Hilti Profis Anchor. Dokumhe programu viz

piilohy.
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