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Anotace

Tato bakalarska prace se zabyva ndvrhem nosné ocelové konstrukce skladovaci haly. V
uvodni casti byla provedena analyza zatizeni, na jejimz zaklad¢ byl nasledné navrzen stfesni a
sténovy plast, hlavni pfi¢na vazba, Stitova sténa, ztuzidla a nosné prvky délici sté€ny. Posouzeny

byly také vybrané detaily. Soucasti prace je rovnéz technicka zprava a vykresova dokumentace.
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Annotation

This bachelor thesis focuses on the design of a storage hall load-bearing steel structure.
The initial part includes a load analysis, which served as the basis for the subsequent design of
the roof and wall cladding, the main transverse frame, gable wall, bracing, and load-bearing
elements of the partition wall. Selected structural details were also designed. The thesis further

includes a technical report and drawing documentation.

Keywords:

Steel structure, storage hall, frame corner, moment-resisting connection with haunches, portal

frame
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I.

TECHNICKA ZPRAVA

Udaje o stavbé

Pfedmétem feSeni je novostavba jednopodlazni skladovaci haly v primyslové zoné

v Brné. Objekt je dispozi¢né rozdélen na dvé skladovaci ¢asti v poméru 2:1, oddélené ptickou

po celé vysce podlazi. Pidorys haly ma obdélnikovy tvar o rozmérech 18 x 37,2 metru, pfi¢emz

vyska objektu je navrzena 10 metrd. Z jedné podélné strany (osa D) je hala Castecné zasypana

stavajicim terénem, coz vyzaduje provedeni opérné stény v této ¢asti objektu. Vyska opérné stény

se pohybuje v rozmezi od 1,5 do 4,5 metru v zavislosti na vy§kovém rozdilu terénu.
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Obrazek 1 - Piidorys skladovaci haly
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Obrazek 2 - Rez skladovaci halou

Popis nosné konstrukce

v

Nosny systém haly je navrzen jako ramovy, pfiCemz kazda rdmova vazba pienasi svislé
i vodorovné zatizeni v ramci své zatézovaci $ifky. Vnitini ramové vazby jsou v mistech vysokych
ohybovych moment, zejména ve styku sloupu a pficle, zesileny nabéhy za tcelem efektivnéjsiho
pienosu zatizeni. Stitové vazby jsou navrzeny obdobnym zptsobem, pii¢emz zarovei zajidtuji
prenos podélného vétru prostfednictvim sloupl umisténych ve Stitové casti. VSechny ramové
vazby jsou vzajemné¢ propojeny ¢tyfmi podélnymi kruhovymi trubkami, umisténymi ve stfedu
prufezu pticle ve vSech podélnych osach, a to po celé délce objektu. Standardni osova vzdalenost
mezi jednotlivymi vazbami v prvni ¢asti skaldu €¢ini 6 metra, s vyjimkou druhé¢ ¢asti skladu, kde
je tato vzdalenost zvétSena na 6,6 metru. Sloupy ramovych vazeb v podélné ose A jsou ulozeny

na zakladovych patkach, zatimco sloupy v ose D jsou osazeny na opérnou sténu, kterd je v mistech

ulozeni sloupti konstrukéné zesilena.

ZatiZzeni konstrukce

Skladovaci hala se nachazi v II. snéhové oblasti a v II. vétrné oblasti, pro kterou
je uvazovana III. kategorie terénu. Zatizeni snéhem bylo uvazovano 0,72 kPa a jednotlivé hodnoty
zatizeni vétrem jsou uvedeny ve statickém vypoctu. Jednotlivé hodnoty zatizeni skladeb

a nosnych prvki jsou téz uvedeny ve statickém vypoctu.



Pouzité materialy
Pouzita ttida konstrukéni oceli pro hlavni prvky nosné konstrukce je S235JR. Pouzité

Srouby budou jakosti 8.8. Stfesni trapézovy plech a obvodové tenkosténné kazety jsou z oceli

S320GD. Beton pro zakladové patky bude pouzit C30/37 — XA1, XC2.

Pouzité normy

[1] CSN EN 1990 — Zasady navrhovani konstrukci

[2] CSN EN 1991-1-1 Eurokéd 1: Zatizeni konstrukci — Cast 1-1: Obecna zatiZeni —
Objemové tihy, vlastni tiha a uzitna zatizeni pozemnich staveb

[3] CSN EN 1991-1-3 Eurokod 1: Zatizeni konstrukci — Cast 1-3: Obecna zatizeni — ZatiZeni

snéhem

[4] CSN EN 1991-1-4 Eurokod 1: Zatizeni konstrukci — Cast 1-4: Obecna zatizeni — Zatizeni
vétrem

[5] CSN EN 1993-1-1 Eurokéd 3: Navrhovani ocelovych konstrukci — Cast 1-1: Obecna
pravidla a pravidla pro pozemni stavby

[6] CSN EN 1993-1-8 Eurokéd 3: Navrhovani ocelovych konstrukei — Cast 1-8: Navrhovéni
sty¢nik

[7] CSN EN ISO 12944 Natérové hmoty — Protikorozni ochrana ocelovych konstrukei

ochrannymi natérovymi systémy

Vyroba a montaz ocelové konstrukce

Ttida provedeni konstrukce je EXC2. Jednotlivé prvky budou vyrobeny a opatfeny proti

korozi mimo staveniSte.

Montaz ocelové konstrukce bude probihat postupnym osazovanim jednotlivych ramovych
vazeb. V kazdé vazbé budou nejprve ukotveny sloupy do zakladovych patek a sloupti, na které
budou nasledné¢ osazeny piic¢le. Montaz zacne od §titové stény a bude pokracovat podélnym
smérem po jednotlivych vazbach. Prvnim montovanym ramem bude $titova vazba, ke které budou
po jejim sestaveni pripojena piislusna Stitova ztuzidla. Nasledné bude osazena druha vazba
v podélném sméru, mezi prvni a druhou vazbou budou instalovana sténova a stfeSni ztuzidla.
Timto zplisobem bude postupné smontovana cela nosna konstrukce. V zavérecné fazi budou
k hotové konstrukci pfipevnény prvky oplasténi. Cela konstrukce je navrzena s maximalnim
moznym podilem Sroubovanych spoji, aby byla montaZ co nejjednodussi a bylo minimalizovano

nasledné oSetieni spojli po montazi.
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Ochrana proti korozi

Z hlediska korozni agresivity dle normy ISO 12944 je pro dany objekt uvazovana
kategorie C2, odpovidajici nizkému stupni korozniho agresivity. Zivotnost protikorozni ochrany
je rovnéz stanovena touto normou a pro navrhovany objekt spada do kategorie H, coz odpovida

zivotnosti 15 az 25 let. Pro feSeny objekt je navrzena celkova tloustka natérové vrstvy 120 pm.

Ochrana proti poZaru

Posouzeni konstrukce z hlediska pozarni bezpe¢nosti nebylo souéasti této prace.

11



II. STATICKY VYPOCET
1 Vypocet zatiZeni

1.1 Zatizeni snéhem

CSN EN 1991-1-3:2005/21:2006
MAPA SNEHOVYCH OBLASTI NA UZEMI CR

Zatizeni snéhem na sfechdch = 4°C,"C;’s,

1 n [0 v v v v v
07 10 15 20 25 30 40 ued

*) Charaktermtickou hadnety
priahng

‘hodnota s, (kPa)

pocotsa
PIGHOMetecIBOgRENG Ustavs

Obrazek 3 - Umisténi objektu v mapé snéhovych oblasti

Obecné zatizeni v ploSe

Lokalita: Brno
Sn¢hova oblast: II kategorie (s = 1 kPa)

S=WU XCo X XS =08x1x1x1=0,8kPa

ZatiZzeni snéhem je 0,8 kPa.
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1.2 Zatizeni vé€trem

MAPA VI TR CH CELAST) NA LEEM CR

Obrazek 4 - Umisténi objektu v mapé vétrnych oblasti

Vétrna oblast: 11 kategorie (v, = 25m/s)
Kategorie terénu: 111
Lokalita: Brno

Zakladni dynamicky tlak vétru

1 1
qb=§xvab2=§x1,25x252=0,39kPa

Soudinitel expozice c.(z)

o Tl

~
N
N
S

A
& /

. it
(e

(7] 10 20 a0 40
Obrazek 5 - Graf soucinitele expozice
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Hodnota soucinitele expozice z grafu: ce(z) = 1,75

Maximalni dynamicky tlak vétru

dp(z) = qp X ce(z) = 0,39 x 1,75 = 0,683 kPa
Jedna se o sedlovou stiechu se sklonem 7°, proto hodnoty jednotlivych soucinitelt vnéjsiho tlaku
pro sedlové stiechy jsou uvazovany dle tabulky 7.4a v CSN EN 1991-1-4.

Stfecha — vitr podélny

h=10mb=18m=>e=18m

37200
AN
<
S| i
SMER : e HREBEN 2
VETRU g | o
[(Fa]
= G/
L I
o
= y
= E/
1800 7200 28200

Obrazek 6 - Schéma oblasti soucinitelit vnéjsSiho tlaku pro podélny vitr

Hodnoty soucinitel vnéjsiho tlaku jsou interpolované hodnoty pro 7°.
Oblast F: we = qp(2) X Cpe,10r = 0,683 X (—=1,54) = —1,052 kPa
Oblast G: we = qp(z) X Cpe 10,6 = 0,683 X (—1,3) = —0,888 kPa
Oblast H: we = qp(2z) X Cpe10q = 0,683 X (—0,68) = —0,464 kPa
Oblast I: we = qp(2) X Cpe,10,1 = 0,683 X (—0,58) = —0,396 kPa
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Stfecha — vitr pfi¢ny

h=10mb=18m=>e=18m

L 18000 L
7 7
s[E i
IR
Ar | | -
(NN )
o
(NN )
o
=
ha o G o
SMER ; ST H | J b=
= o~ o~
VETRU ~ m
ofF [ ]
SR

2000 | | 7000 | | 7000 |
11 7 ’12000 Zi|

Obrazek 7 - Schéma oblasti soucinitelii vnéjsiho tlaku pro pFicny vitr
Hodnoty soucinitel vnéjsiho tlaku jsou interpolované hodnoty pro 7°.
Oblast F: we = qp(2) X Cpe,10r = 0,683 X (—1,54/0,04) = —1,052/0,03 kPa
Oblast G: we = qp(2) X Cpe 10,6 = 0,683 x (—1,12/0,04) = —0,765/0,03 kPa
Oblast H: we = qp(2) X Cpe10u = 0,683 X (—0,54/0,04) = —0,369/0,03 kPa
Oblast I: we = qpp(2) X Cpe,101 = 0,683 x (—0,56/-0,48) = —0,382/-0,328 kPa

Oblast J: we = qp(z) X Cpe 105 = 0,683 X (—0,68/—0,48) = —0,464/—0,328 kPa

15



Stény — vitr podélny

h/d =10/37,2 = 0,27 — uvazuji posledni oblast tzn. h/d<0,25

SP}ER D| A B C E
VETRU

3600 L 14400 19200 4L
18000

Obrazek 8 - Schéma oblasti soucinitelit vnéjsiho tlaku pro podélny vitr

Oblast A: we = qp(2) X Cpe,10,4 = 0,683 X (—1,2) = —0,82 kPa
Oblast B: we = qpp(2) X Cpe,10,8 = 0,683 X (—0,8) = —0,546 kPa
Oblast C: we = qp(2) X Cpe,10,c = 0,683 X (—0,5) = —0,342 kPa
Oblast D: we = qp(2z) X Cpe 100 = 0,683 X 0,7 = 0,478 kPa
Oblast E: we = qp(2z) X cpe 108 = 0,683 X (—0,3) = —0,205 kPa

Stény — vitr priény

h/d =10/18 = 0,55 — jednotlivé hodnoty soucinitelti vnéj$iho tlaku jsou interpolovany pro
hodnotu 0,55

-l—l-'-'-—-'--_'_—-'—-_-'—‘-___-—‘__‘-‘-‘-‘-‘-‘—u-
SMER Dl A B E
VETRU
000 14000

Obrazek 9 - Schéma oblasti soucinitelit vnéjsiho tlaku pro pricny vitr

Oblast A: we = qp(2) X Cpe,10,4 = 0,683 X (—1,2) = —0,82 kPa
Oblast B: we = qpp(2) X Cpe,10,8 = 0,683 X (—0,8) = —0,546 kPa
Oblast C: we = qp(2) X Cpe,10,c = 0,683 X (—0,5) = —0,342 kPa
Oblast D: we = qp(z) X Cpe 10,0 = 0,683 X 0,74 = 0,505 kPa

Oblast E: we = qp(2z) X Cpe 108 = 0,683 X (—0,38) = —0,26 kPa

16



1.3 Zatizeni vnitini pticky pretlakem

Uvazuji situaci, kdy budou oteviena ob¢ vrata na osach 1 a 7. Fasady, na kterych jsou oteviena

vrata uvazuji jako rozhodujici.

Tlak na sténu z otevienych vrat na ose 1:
Cpi = 0,9 X cpe = 0,9 X 0,478 = 0,43
Sani na sténu z otevienych vrat na ose 7:
Cpi = 0,9 X cpe = 0,9 X —0,205 = —0,185

Vysledna sila na sténu (princip superpozice):

Cpic = Z Cpi = 0,43 + 0,185 = 0,615 kPa

1.4 Kombinace zatizeni pro rovinny (2D) staticky model

Vsechny mozZzné popisy a kombinace jsem rozepsal do tabulek pro piehlednost.

ZatéZovaci stavy
ZS1 | Vlastni tiha
7ZS2 | Skladba strechy
7S84 |Snih
7S5 | Vitr podélny

7S6 | Vitr pfiény — sani, z levé strany

787 | Vitr ptiny — tlak, z levé strany

789 | Vitr pfi¢ny — sani, z pravé strany

ZS10 | Vitr pticny — tlak, z pravé strany

Tabulka 1 — Vypis zatéZovacich stavii

Pocatecni imperfekce soustavy

IS1 | Pocatecni naklon doprava

IS2 | Pocateéni naklon doleva

Tabulka 2 — Vypis pocatecnich imperfekci soustavy

Pocate¢ni imperfekci soustavy jsem uvazoval jako podil vysky budovy (uvazovano 10 m) a 150.
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Kombinace | Poéate¢ni , ZATEZOVACI STAVY
sl MSU/MSP

zatizenl | 1. soustavy ZS1 | ZS2 | ZS4 | ZS5 | ZS6 | ZS7 | ZS9 | ZS10
KZ1 IS2 MSU 1,35 1,35 1,5 | - - - - -
K72 IS1 MSU 1,351 1,35 | - - - L5 - -
KZ3 1S2 MSU 1,35 1,35 - - - - - 1,5
KZ4 IS2 MSU 1 1 - 1,5 - - - -
KZ5 IS1 MSU 1 1 - - L5 - - -
KZ6 IS2 MSU 1 1 - - - - |15 -
KZ7 IS2 MSU 09109 | - |15 - - -
KZ8 IS1 MSU 09|09 | - - L5 - - -
K79 IS2 MSU 09|09 | - - - - |15 -
KZ10 IS1 MSU 1,35 1,350,775 | - - 15 - -
KZ11 IS2 MSU 1,3511,35]0,75| - - - - 1,5
KZ12 IS1 MSU 1,351135] 1,5 | - - 109 | - -
KZ13 IS2 MSU 1,351135] 1,5 | - - - - 0,9
KZ14 IS2 MSP 1 1 1 - - - - -
KZ15 IS1 MSP 1 1 - - - 1 - -
KZ16 IS2 MSP 1 1 - - - - - 1
K717 IS2 MSP 1 1 - 1 . - - -
KZ18 IS1 MSP 1 1 - - 1 - - -
KZ19 IS2 MSP 1 1 - - - - 1 -
KZ20 IS1 MSP 1 1 1 - - 06| - -
KZ21 IS2 MSP 1 1 1 - - - -1 06
KZ22 IS1 MSP 1 1 |05 - - 1 - -
KZ23 IS2 MSP 1 1 |05 - - - - 1

Tabulka 3 - Vypis jednotlivych kombinaci zatizeni

Pro jednotlivé kombinace zatizeni se neuvazuji zatézovaci stavy s pomlckou.

Kombinace zatizeni 7-9 jsou uvedeny dle tabulky Tabulka A1.2 v CCN EN 1990 pro vypocet

navrhové hodnoty zatizeni EQU.

1.5 Kombinace zatizeni pro prostorovy (3D) staticky model

Zatézovaci stavy pouzité v prostorovém (3D) modelu byly pfevzaty z rovinného (2D)
modelu, pficemz byl doplnén zatézovaci stav ZS11, ktery reprezentuje podélny vitr plsobici
sanim na §titovou sténu. Tento zatéZovaci stav byl zatfazen do kombinaci zatizeni spolu se stalym
zatizenim a snéhem, a to jak pro mezni stav tnosnosti (MSU), tak pro mezni stav pouzitelnosti

(MSP). Nov¢ vytvofené kombinace zahrnujici zatéZovaci stav ZS11 vSak nebyly rozhodujici

pro navrh jednotlivych prvka konstrukce.
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2 Statické modely

Statické modely konstrukce jsou vytvofeny v programu RFEM 6. Jednotlivé vystupy jsou
pocéitany metodou koneénych prvku. Jako material je pouzita ocel S235JR a dimenze prvki jsou
vybrany z dostupné knihovny profila dle evropskych norem. U ramového rohu jsou
namodelovany nab&hy ze stejnych profild jako jsou sloupy a pfi¢le. Modely slouzi pro vypocet
vnitinich sil a pfedbézny navrh profild podle MSP. Okrajové podminky navrhu jsou: max. svisly
pruhyb 72 mm (1/250), max. vodorovny prihyb 56,5 mm (I/150) a pro ztuzidla byla zvolena
podminka omezeni §tihlosti i = L../250. U ztuzidel mezni stav pouzitelnosti neni ovéfen, jelikoz
jsou vsSechny modely pocital prvnim tadem, ktery zanedbava osovou tuhost ztuzidel, tudiz

hodnoty prihybu vychazeji vétsi, nez jsou ve skutecnosti.
2.1 Dvakrat staticky neurc€ity rdm vnittni vazby

V této variant¢ je uvazovano kloubové ulozeni na zelezobetonové zdi a vetknuti na rostlém
terénu. Jednotlivé dimenze prvki jsou: IPE 360 pro sloupy a IPE 330 pro pticle. Nab&hy u sloupii
jsou 4 metry dlouh¢ a taktéz z profili IPE 360, u ptficle jsou nabehy z profilti IPE 330 a jsou také
délky 4 metry. Celkova hmotnost jedné vazby je 2,187 t.

Obrazek 10 — Obalka svislych prithybii — kombinace zatizeni MSP
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Obrazek 11 - Obdlka vodorovnych prihybii — kombinace zatizeni MSP

Obrazek 12 - Obdlka ohybovych momentii My — kombinace zatizeni MSU
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Obrazek 14 - KZ13 — Vykresleni max. napéti ox
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2.2 Jednou staticky neurcity ram vnitini vazby

V této variant€ je uvazovano kloubové ulozeni radmu na rostlém terénu i na Zelezobetonové
zdi. Jednotlivé dimenze prvka jsou: IPE 450 pro sloupy a IPE 360 pro pti¢le. Nab&hy u sloupti
jsou 4 metry dlouhé a jsou z profilu IPE 450, u pticle jsou nabéhy z profila IPE 360 a jsou taktéz

dlouhé 4 metry. Celkova hmotnost jedné vazby je 2,753 t.

Obrazek 15 — Obalka svislych prihybu — kombinace zatizeni MSP

Obrazek 16 - Obalka vodorovnych prithybi — kombinace zatizeni MSP
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Obrazek 17 - Obdlka ohybovych momentii My — kombinace zatizeni MSU

Obrazek 18 - Obdlka normdlovych sil N — kombinace zatizeni MSU
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Pruty | Napéti
ox [N/mm2)

Obrazek 19 - KZ13 — Vykresleni max. napéti ox
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2.3 Staticky urcity rdm vnitini vazby

V této variant€ je uvazovano kloubové ulozeni radmu na rostlém terénu i na Zelezobetonové
zdi a zaroven kloubové propojeni jednotlivych pficli ve vrcholu. Jednotlivé dimenze prvki jsou:
IPE 500 pro sloupy a IPE 400 pro pficle. Nab&hy u sloupi jsou 4 metry dlouhé a jsou také z profilu
IPE 500, u pticle jsou nabehy z profild IPE 400 a jsou taktéz délky 4 metry. Celkova hmotnost
jedné vazby je 3,209 t.

Obrazek 20 - Obalka svislych prithybii — kombinace zatizeni MSP

Obrazek 21 - Obalka vodorovnych prithybii — kombinace zatizeni MSP
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Obrdzek 23 - Obdlka normdlovych sil N — kombinace zatizeni MSU
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Pruty | Napéti
ox [N/mm?2]

Obrazek 24 - KZ13 — Vykresleni max. napéti ox
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2.4 Volba statického schématu vnitini vazby

2SN vazba | 1SN vazba | SU vazba

Hmotnost [t] |2,187 2,753 3,209
Sloupy IPE 360 IPE 450 IPE 500
Pricle IPE 330 IPE 360 IPE 400

Tabulka 4 - Porovnani jednotlivych typii vazeb ramu

Z hlediska hmotnosti vazby je nejvyhodné&jsi dvakrat staticky neurcitd vazba s vetknutim.
V tomto ptipad¢ je vSak nutné zohlednit pfitomnost patky, kterd musi pfenaSet moment a pro
neurcita konstrukce je, tim vice se to projevi v zatiZzeni od teploty nebo poklesnutim podpory.
Tento typ zatizeni neni uvazovan, ale jelikoZ je vazba z jedné strany ulozena do zelezobetonové
stény, ktera slouzi také jako opérna sténa, muze v del§im Case dojit k pfitizeni zeminy (napft.
nevhodnym skladovanim materialu u obvodové zdi haly), a tim k nato¢eni podpory. Tato situace
by v nasem prvnim i druhém ptipad¢ byla nevhodna, avSak v druhé varianté by naptiklad doslo
k men§im napétim. Obrazek 14 ukazuje, Ze je pro variantu dvakrat staticky neurc¢itou vazbu vidét
hodnota napéti, ktera dosahuje hodnot blizkych k mezi kluzu nami zvolené oceli. Metodou
kone¢nych prvki nelze v naSem ptipadé posoudit momentovy spoj, ve kterém se nachazeji vyse
uvedené hodnoty napéti, proto je ponechana rezerva v napéti, aby nasledny posudek spoje
vyhovél. Vysoka hmotnost staticky urcité vazby je v naSem piipad¢ nevyhodou, ktera vSak neni
natolik vyznamna, aby pfevazila benefity, které nam staticky urcita vazba poskytuje (neprojeveni
zatiZzeni teplotou, poklesu podpor ve vnitfnich silach ¢i napéti). Po shrnuti téchto vSech tvah
se rozhoduji pro variantu jednou staticky neurcity ram, kde rdm bude uloZen na kloubovych

patkach.
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2.5 Stitova sténa bez ztuzidel

Jednotlivé prvky stény jsou navrhovany dle mezniho stavu pouzitelnosti (MSP). Sloupy
jsou prifezu HEA 240 a podpiraji krajni vazbu. Pticle jsou z profila IPE 330 bez nab¢ht, jelikoz
je vazba podpirdana Stitovymi sloupy a velikost ohybovych momenti v rozich vazby neni

dostatecné velka, aby se nab¢hy vyplatily. VSechny prvky jsou z oceli S235JR.
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Obrazek 26 - Obdlka ohybovych momentii My — kombinace zatizeni MSU
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Obrazek 28 - KZ2 — Vykresleni max. napéti ox
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2.6 Stitova sténa se ztuzidly

Krajni sloupy jsou zvoleny z HEA 160, které maji vétsi moment setrvacnosti ke globalni
ose X, pficle jsou z profilu IPE 240, vnitini sloupy jsou z profilu HEA 200, které maji mensi
moment setrvacnosti ke globalni ose Y a ztuzidla jsou z TRk 82,5%6,3. U zadnych prvkl nejsou
uvazovany nabehy, jelikoz velikosti momenti v rozich ramu nejsou dostatecné veliké, aby se

nabehy vyplatily. VSechny prvky jsou z oceli S235JR.

|

ST ]

Obrazek 30 - Obdlka normdlovych sil N — kombinace zatizeni MSU
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Pruty | Napéti
ox [N/mm2)

Obrazek 31 — KZ5 — Vykresleni max. napéti ox
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2.7 Volba statického schématu $titové stény

Sténa bez ztuZidel

Sténa se ztuzidly

Hmotnost [t]

2,919

2,034

Sloupy vn&jsi |HEA 240 HEA 160
Sloupy vnitini | HEA 240 HEA 200
Pricle IPE 330 IPE 200
Ztuzidla - TRk 82,5%5

Tabulka 5 - Porovnani jednotlivych typii Stitovych stén

Kazda varianta §titové stény je navrhovéana jinym zplsobem. Varianta §titové stény bez
ztuzidel byla navrzena na zakladé meznich stavii pouzitelnosti (MSP) pro jednotlivé prvky.
Druhou variantu §titové stény se ztuzidly vSak touto metodou navrhnout nebylo mozné, nebot’
ztuzidla vyrazné omezila prihyby konstrukénich prvka. Hodnoty prihybi se v tomto ptipad¢ ani
nepfiblizily k meznim hodnotam, stanovenym v ramci okrajovych podminek statickych modeld.
Stitova sténa se ztuzidly je proto navrhovana s ohledem na napéti, pfi¢emz jsou zvoleny dimenze
jednotlivych prvkut tak, aby byla zajiS§téna dostateéna rezerva pro posouzeni v meznim stavu
tnosnosti (MSU). Hlavni nevyhodou této varianty je dispoziéni omezeni, jelikoz ztuzidla zasahuji
do prostoru mezi vnitinimi sloupy, coz znemoziuje umisténi vjezdovych vrat do tohoto pole.
Zadani sice uvazuje vrata v krajni C¢asti objektu, avSak varianta bez ztuzidel umoziuje jejich
pripadné budouci pfemisténi i do prosttedniho pole. Za klicové kritérium rozhodovani je zvolena
celkova hmotnost celé Stitové st€ny. Dimenze jednotlivych prvka a celkova hmotnost konstrukce
jsou uvedeny vySe viz. Tabulka 5. Ze srovnani je patrné, ze piidani ztuzidel snizuje celkovou
hmotnost stény témeéf o jednu tfetinu, tedy pfiblizné o jednu tunu. Na zakladé vySe uvedeného
srovnani hlavnich vyhod a nevyhod se pfiklanim k varianté Stitové stény se ztuzidly, ktera se jevi
jako ekonomicky vyhodnéjs$i. Pravdépodobnost nutnosti zmény umisténi vjezdovych vrat do

prostiedniho pole je navic velmi nizka.

33



3 Navrh a posouzeni prvka obalovych konstrukci

3.1 Stfesni plast — varianta panely

Néavrh: Stfe$ni panel KS FF K-Roc tl. 200 mm s plechem z oceli S280GD

Vzdalenost vaznic: 1 = 4,61 m

Zatizeni:
Snih f, = 0,8 kN/m?
Sani od vétru f, = —1,052 kN/m?

Posudek:

- skladebna &ifka

KS FF K-Roc® 200 mm
4B

plech vnéjsi/vnitfni: 0,6/0,5 mm

profilace vnéjsi/vnitini: trapéz 34 mm/Q (minibox)

5280GD podle EN 14509:2013

plati pro panely KS FF K-Roc® dodavané z vyrobnihe zévedu v Lipsku - Kingspan Polsko

TLAK

charakteristické proménné zatizeni snéhem [kN/m?]

Settem barevna
skupina 0,5¢ 07501100 | 1,25 150 175 200 2,25 250 275 300 325 350 375 400 425 450 475 500
prostynosnk | 40 41 50 51 52 53 55 54 57 sa 59 &0 40 50 40 &0 0 &0 0 &0
=2 849 68 58 | 479 |407 355 315 284 260 239 222 207 195 180 169 159 150 142 135 1,29
40 40 45 5 52 53 55 54 57 58 59 &0 &0 60 &0 &0 o &0 &0 &0
L 551 551 551 479 406 354 315 284 259 23 22 207 195 180 169 159 150 142 135 129
spojity nosnik &0 40 90 102 105 107 09 m m3 L] na 120 120 120 120 120 120 120 120 120

o 2 palich

¥ 4 40 40 40 40 40 40 40 45 53 58 5 &0 &0 50 &0 &0 &0 &0 &0 60
[ 250 250 250 250 250 250 250 250 250 239 222 207 195 18 169 159 150 142 135 129
&0 &0 &0 60 40 &0 74 90 a7 16 8 120 120 120 120 120 120 120 120 120
spojity nosnik 40 41 50 51 52 53 55 54 57 ! 59 &0 &0 50 40 40 40 &0 &0 60
o 3 polich L 00, I, 694 687 58 479 406 354 375 284 259 23 22 207 195 180 169 159 150 142 135 129
ATEATEA A &0 &2 100 13 105 107 e m nm g n8 120 120 120 120 120 120 120 120 120

SANI

barevna charakteristické proménné zatizeni sani vetru [kN/m’]

skupina g5 050 075 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

systém

prostynosnk oy . mos 105 891 736 | s41 |58 499 433 383 544 32 287 265 247 232 218 206 196 18 178

spajity I. 550 550 514 366 295 252 223 201 184 17 159 150 141 134 128 12 L7 112 108 104
Ug”;;';th I 550 550 311 254 225 206 191 179 16 156 146 138 131 125 120 14 10 106 102 099
il 2 19 177 186 157 150 144 138 133 128 124 1A L7 14 109 105 101 098 0% 092

spojity I 692 692 668 460 356 295 254 235 203 186 172 14 15 143 136 130 124 19 14 10
Qg”;;'}';h i 692 692 595 406 315 2465 278 204 185 170 159 149 L4 13 17 12 L 12 109 106
Exaa n 692 692 330 23 200 182 148 158 150 143 13 3@ 17 1A 16 112 108 104 101 098

Obrazek 32 - Tabulka vinosnosti panelii KS FF K-Roc tl. 150 mm
Tlak: 1 =4,61m < lap1 = 4,79 m; VYHOVI

Sani: 1=4,61m < lya = 6,41 m; VYHOVI

Navrhuji stfeSni panel KS FF K-Roc tl. 200 mm.



3.2 Stiesni plast — varianta trapézovy plech

Navrh: Trapézovy plech CB 150/280 z oceli S320GD.

Vzdalenost vazeb: 1), = 6,6 m

Zatizeni:

Skladba stiechy 0,2 x 1,35 fy = 0,27 kN/m?
Vlastni tiha trapézového plechu 0,12 x 1,35 fy = 0,162 kN/m?
ZatiZeni vétrem — sani —-1,052 x 1,5 fy = —1,578 kN/m?
Zatizeni vétrem — tlak 0,03 x 1,5 fy = 0,045 kN/m?
Snih 0,8 x 1,5 fy = 1,2 kN/m?
Uzitné 0,75 x 1,5 fg = 1,125 kN/m?

Kombinace zatiZzeni MSU:

Zatézovaci stav 1 (max. svislé zatizeni — uzitné + vitr):
Eq=YGq+Qq1+W¥oxQqz=(027+0,162) + 1,125 + 0,6 X 0,045 = 1,584 kN/m?
Zatézovaci stav 2 (max. sani od vétru, svislé zatizeni minimalni):

Eq =YGq +Qq1 = (0,2+0,12) — 1,578 = —1,258 KN/ m?

Kombinace zatiZzeni MSP:

Zatézovaci stav 1 (max. svislé zatizeni — uzitné + vitr):

Ex = YGk + Qi1 + Wo X Q2 = (0,2+0,12) + 0,75 + 0,6 x 0,03 = 1,088 KN/m?
Zatézovaci stav 2 (max. sani od vétru, svislé zatiZeni minimalni):

Ex = YGk + Qr1 = (0,2+0,12) — 1,052 = —0,732kN/m?

Posudek:

CB 160/250

[T

UloZeni pfes 2 pole [ q [kN/m?] pro rozpéti pole L [m]
1 [mm] | [kgm] 350 3,75 | 4,00 | 425 | 450 | 4,75 | 500 525| 550 | 575 | 6,00 | 625 | 6,50 | 675 7,00 | 7,50 | 8,00
1a 814 | 730 | 658 | 598 | 545 | 4,99 | 459 | 423 | 382 | 364 | 339 | 3,16 | 296 | 277 | 260 | 230 | 2,00
075 | 12,0 1b 750 | 6,75 | 6,11 556 | 508 | 4,66 | 429 | 397 | 368 | 342 | 319 | 298| 279 262 | 247 | 219 | 1,97
2 19,04| 1548| 12.75| 1063| 896 | 7.62| 653 | 564 | 491| 429| 378| 334 | 297 265| 238| 193] 1,59
1a 11,00| 986 | 888 | 805 | 733 | 6,70 | 6,15 | 567 | 524 | 4,86 | 452 | 421 | 3,80 | 361 | 335 | 290 | 253
088 | 141 1b 10,15 9,12 | 824 | 749 | 683 | 6,26 | 576 | 532 | 493 | 458 | 426 | 398 | 3,73 | 350 | 3,29 | 286 | 2,50
2 22,68| 1860| 1533| 12,78| 10,76| 9.15| 7.85| 678 | 590 | 516 | 454 | 402 | 357| 319| 286| 233 | 1,92
1a 13,95| 12,48| 11.23| 1017 | 925 | B45 | 7.75| 7,13 | 659 | 6,05 | 555 | 511 | 472 | 437 | 405 | 350 | 3,05
1,00 | 16,0 b 12,88| 11,56| 1043| 947 | 863 | 790 | 7,26 | 6,70 | 620 | 576 | 536 | 500 | 462 | 428 | 398 | 345 | 3,01
2 26,35| 21,42| 17.65| 1471| 1240| 1054| 9.04| 781 | 679| 594 | 523 | 463 | 4,11 | 367| 329| 268 | 221
1a 20,23| 18,03 | 16,18| 14,61| 13,25| 12,03| 10,89| 9,89 | 9,02 | 8,25 | 757 | 697 | 6,43 | 595| 551 | 4,76 | 4,15
125 | 200 1b 18,70| 16,73| 15,06| 13,63| 12,40 11,32| 10,39| 9,56 | 8.80 | 8,06 | 740 | 682 | 630 | 583 | 541 | 468 | 4.08
2 3366| 27.37| 22,55| 18,80| 15.84| 1347| 11,55| 997 | 867 | 759 | 668 | 591 | 526 | 469 | 421 | 342 | 282
1a 26,13| 23,23| 20.79| 16,64 | 16,68| 15,01| 1356| 1231| 11,21| 10,25| 939 | 864 | 796 | 7.35 | 681 | 587 | 5,10
150 | 240 1b 2420| 2158 19.37| 1749| 1587 | 14.47| 13,15| 11.93| 1087| 994 | 911 | 838 | 772 | 7,13 | 6,60 | 569 | 494
2 40,62| 33.02| 27.21| 22,68 19.11| 1625| 1393 12.03| 1047| 9.16| 806 | 7.13| 634 | 566 | 508 | 4.13| 340

Obrazek 33 - Tabulka vinosnosti plechu CB 160/250 v pozitivni poloze
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CB 160/250 ﬁ

Juussinnissin g

Ulozeni pres 2 pole Unosnost q [KN/m?] pro rozpéti pole L [m]

t[mm] | [kg/m?] 350 | 3,75 | 400 | 425 | 450 | 475 | 500/ 525| 550 | 575 | 6,00 | 6,25 | 650 | 6,75 | 7,00 | 7,50 | 8,00
1a 640 | 579 | 526 | 481 | 441 | 406 | 375| 348 | 324 | 302 | 282 | 264 | 248 | 2.34| 220 | 197 | 1.77

075 | 120 1 6,08 | 551 | 502 | 459 | 421 | 389 | 360 | 334 | 311 | 290| 271 | 255 | 239 225| 233 | 190 | 1.7
2 18,92 15,39 12.68] 1057 890 | 7.57 | 649 561| 488 427 | 376 | 332| 295| 264| 237 1,92 158
1a B34 | 7.52 | 682 | 622 | 569 | 524 | 483 | 447 | 4,15 | 387 | 361 | 3,38 | 3,17 | 298 | 2,80 | 2,50 | 2.24

088 | 141 1b 796 | 719 | 653 | 596 | 546 | 503 | 4,64 | 430 | 400 | 3,73 | 348 | 326 | 3,06 | 2,88 | 2,72 | 242 | 2,18
2 22.82| 1855 15.29| 12.74] 10.74| 9.13| 7.83| 6,76 | 588 | 5.15| 453 | 4.01| 356 | 3,18 | 2.85| 232 | 1.91
1a 10,30| 927 | 839 | 764 | 698 | 641 | 590 | 546 | 506 | 471 | 439 | 410 | 385 | 361 | 340 | 302 | 271

1,00 | 160 1b 986 | 889 | 806 | 734 | 672 | 617 | 570 | 6527 | 489 | 455 | 425 | 398 | 3,73 | 350 | 330 | 2984 | 221
2 26.41| 21,47| 17,69] 14.75| 12,43 1057| 9.06| 782 681] 596 524 | 464 412] 368 330 268 221
1a 14,85] 13,32] 12,01] 10.90] 9,93 | 9.09 | 836 | 7,71 | 7,13 | 6,62 | 6,16 | 575 | 5.37 | 504 | 473 | 420 | 3,75

125 | 200 1b 14,29| 12,84] 11,60| 10.53| 9,61 | 8,81 | 810 | 7,48 | 6,93 | 6,43 | 599 | 560 | 524 | 491 | 462 | 410 | 367
2 33,66| 27,37| 22,55 18.80| 15,84| 13.47| 11,55| 097 | 867 759 | 668| 591 | 526| 469| 421 | 342 282
1a 19,82] 17.72] 1593| 14,41 13,10] 11,96] 10,96 10,09] 9,32 | 8,63 | 8,02 | 7.47 | 697 | 652 | 6,12 | 542 | 4,60

1,50 | 240 1b 19,18| 17,16| 1546 14,00] 12,73| 11,64| 10,68 9,84 | 9,00 | 843 | 7,83 | 7.30 | 6,82 | 6,39 | 6,00 | 530 | 4,60
2 40,62| 33,02| 2721 22,68| 19.11| 16,25| 1393 12.03| 1047 9.16 | 806 | 713 | 634 | 5066 | 508| 4.13] 340

1a - nadvrhova hodnota Gnosnosti - pro spojity nosnik s vnitfni podporou Sifky 250 mm a krajni podporou SiFky 40mm

1b - navrhova hodnota Gnosnosti - pro Sﬂo]\l}“ nosnik s vnitfni DOGDONJU Elfky 160mm a kraini podporou §I7ky 40mm

2 - charakteristicka hodnota zatiZzeni pro prihyb - /200

Obrazek 34 - Tabulka uinosnosti plechu CB 160/250 v negativni poloze

ZS1:
MSU: fg max = 1,584kN/m? < qeq = 2,62kN/m?; VYHOVI
MSP: fi max = 1,088kN/m? < qex = 2,65kN/m?; VYHOVI
ZS2:
MSU: fg max = 1,258kN/m? < qeq = 2,25kN/m?; VYHOVI
MSP: fi max = 0,732kN/m? < qei = 2,64kN/m?; VYHOVI

Navrhuji plech CB 160/250 tl. 1 mm z oceli S320GD v pozitivni poloze.

36



3.3 Obvodova sténa — varianta panely

Néavrh: Sténovy panel KS LR K-Roc tl. 120 mm s nestandardni tloustkou vnitiniho plechu 0,6
mm z oceli S280GD.

Vzdalenost sloupii: 1,,,x = 6,6 m

Zatizeni:
Sani od vétru -0,82 kN/m?
Tlak od vétru 0,505 kN/m?
Posudek:

SANI
barevnd charakteristické proménné zatizeni
skupina 025 050 0,75 1,00 1,25 1,50 1,75 2,00

I 1305 9,83 8,03 § 6,95 | 6,22 521 4,46 3N
I 1247 983 8,03 § 695 | 6,22 521 4,46 3N

systém

prosty nosnik

V S
In. 1085 955 803 §695 622 521 446 39
spojity . 11,61 829 68 548 431 353 299 2,60
poshic Il 924 677 569 506 408 331 278 239
o 2 polich
i a 1. 415 368 340 321 307 292 241 205
spojity I 1354 960 786 661 525 434 370 321
DOSic I 12,66 899 736 640 517 426 36 313
o 3 polich
o § In. 836 608 508 450 410 38 348 3,00
TLAK
barevnd charakteristické proménné zatizeni
systém e
skupina 025 050 075 1,00 125 150 1,75 2,00
prosty nosnik L 40 59 72 83 93 96 96 96
i a T 147 955 | 780 | 676 604 521 446 391
40 51 63 74 84 93 96 96
I 1,48 827 68 604 548 507 446 391
. 70 102 126 148 168 186 192 192
59‘”"{' 40 51 63 74 84 93 9% 96
g°5"|‘. 5 Il 148 827 687 604 548 507 446 39
g<ponc 70 102 126 148 168 186 192 192
A A A
40 51 63 74 84 93 96 96
1. 576 576 576 576 548 507 446 391
70 102 126 148 168 186 192 192
41 59 72 83 93 96 96 96
I 1351 955 780 676 604 521 446 391
. 83 nz 143 166 185 192 192 192
i‘p"l'({ 4 50 7 83 93 % 9% 9
3°5“]'. " I. 1351 955 780 676 604 521 446 391
Do poRc 83 "z 143 166 185 192 192 192
AKX A A
41 59 72 83 93 96 96 96
In. 1351 955 780 676 604 521 446 391
83 nz 143 166 185 192 192 192

Obrazek 35 - Tabulka vinosnosti panelit KS LR K-Roc tl. 120 mm

Sani od vétru: 1 = 6,6m < lpayq = 6,95 m; VYHOVIi
Tlak od vétru: 1 = 6,6 m < lpayq = 7,8 m; VYHOVI

Navrhuji sténové panely KS LR K-Roc tl. 120 mm s nestandardni tlou$§t’kou vnitiniho

plechu 0,6 mm z oceli S280GD.



3.4 Obvodova sténa — varianta tenkosténné kazety

Navrh: Sténové tenkosténné kazety C160/600 z oceli S320GD.

Vzdalenost sloupii: 1, = 6,6 m

Zatizeni:

Sani od vétru -0,82 x 1,5 fa=-1,23 kN/m?

Tlak od vétru 0,505 x 1,5 fs= 0,758 kN/m?

Posudek:

Tabulky tnosnosti kazetového profilu C160/600
Theda oceli : $320GD Tiak

L
Nosnik s jednym polem L
Stadium Rozpon {m) - Sika y 1 B0mm | B0mm
O | rawru [0 ] 325 | 8860 | 318 w00 %0 Sp0_[ 528 Eﬁ &7 600 [ e2s | es0 | &35 | 7o0 728 775 | 600 | 638 575 | 650
[ 232 21 162 ) 5 0 124 115 a: 082 il %)
oys | WP PO 174 18: 122 i 1 7| 050 | 083 058 7
; 552 28 203 7 7 4 [ 0 2 050 5
150 12, 780 | 64 3, 271 23 7 0 1 o 085 T
A 356 | 337 282 | 243 | 23 57 73 1 111 7]
ops | M2 FD 1 267 187 187 1,75 3 1 081
- 20 | 1084 670 374 268 199 T} 051
150 14,19 116 | 854 459 358 | a07 | 268 57 o7 068
MU 4 7 388 347 | 330
100 | EEPD 1 5 281 280 | 247
/ 200 1241 [ 437 266
150 1555 B4 582 358 6
WU 2 3 663 Frid 310 Z, Z 2, 63
125 | 2P0 | 621 =33 | aor 238 568 304 72 218 | 202 163 153 At 35 20
: 70 708 | 1344 | 1076 | &5 801 389 277 1,80 1 1 100 0, 090 | o0s2 .69
T80 2279 | 1782 | 1435 | 1167 801 482 370 52 1 2 148 i 120 | 1.0 2
Tabulky unosnosti kazetového profilu C160/600
Trida oceli : $320GD Sani
Nosnik s jednym polom Pt
Swoum oz, - B0mm [ Bomm
O | ewhy [300 | 325 T 3 375 [ «00 50 500 [ & 600 650 | 675 | 700 725 775 | & 900
MSU 445 70 327 285 o8 150 135 132 al 103 [ ops | oss 76 T 067 | 083 050
ors [P PD | 3z 7a_| 236 208 a2 115 105 | oo &0 074 | o088 | 06 55 048 | 045 | osx
200 565 a5 | 356 290 68 122 106 | 02 ] 083 | 056 0.50 40 033 | 030 027
150 754 s3 | ars 386 2 | 163 141 72 683 | 07a 066 53 Dai | 040 036
[ 625 | 530 | a2 | 403 80| za 227 | 205 | a7 145 138 124 08 Ga: | 089 | 083
oss | MEPPD [ 4 80 [ 33 | 203 208 | 180 a5 36 105 | 097 [ 060 75 D60 | 06a 0
200 3 02 | ap2 | a2 189 3 19 o 051 071 083 | 056 | 050 | 045 TS 037 | 038 031 028 028
150 70 | 538 | a 52 a = 50 = Dea | osa 075 | o8 060 | 085 | 0. 045 041 03
= Z 81 s87 1 g4 170 158 28 06
100 | BEEEO T 5 T NPT b 34 124 135 63 7 I
200 7 e | 460 0 82 | 1079 06 25 a
150 3 | 623 4 o8 | osr 63 2
MEU 1 583 | 847 415 3.4 .66 246 228 85 44
125 | BEEED 721 | 622 | & 338 | 3068 52 230 85 180 | 167 35 05
: 200 10,47 | | 640 | [ 429 | 358 [ 301 | 256 | | 190 | 165 | 144 | 427 | +12 | 100 § 089 | o080 | o072 | 065 | 059 | 054 | 049 | 045 | od1 | 038 |
150 3. 068 | 854 6,94 342 | 283 0 183 50 133 118 87 o7e | o071 .60

Obrazek 36 - Tabulka uinosnosti kazet C160/600

Sani od vétru:
MSU: fg max = 1,23kN/m? < qeq = 2,28kN/m?; VYHOVI
MSP: fi max = 0,82kN/m? < qg = 0,89 kN/m?; VYHOVI
Tlak od vétru:
MSU: fg max = 0,758kN/m? < qeq = 2,74kN/m?; VYHOVI
MSP: fi max = 0,505kN/m? < q¢ = 1,5kN/m?; VYHOVI
Navrhuji sténové tenkosténné kazety C160/600 tloust’ky 1,25 mm z oceli S320GD.
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3.5 Volba konstrukei oplasténi

Pro variantu stfe$ni krytiny volim feSeni s trapézovym plechem, jelikoZ toto provedeni
nevyzaduje pouziti Sesti vaznic k ptreklenuti velkého rozpéti. Celkova délka téchto Sesti vaznic
¢ini 223,2 metru a v pfipadé pouziti naptiklad profilu IPE 240 by to znamenalo navySeni
hmotnosti konstrukce pfiblizné€ o 6,8 tuny oceli. Z divodu snahy o sjednoceni pouzitych materialt
a konstruk¢nich prvki volim pro sténovy plast systém z tenkosténnych kazet namisto

sendvi¢ovych paneli.
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3.6 Posouzeni vnitini pticky

Na ose 5 vinteriéru se nachdzi sadrokartonova délici pficka na celou vysku objektu.

Pfedmétem této kapitoly je navrh svislych sloupt, na které bude pfipevnén rastr a obklady stény.
Navrh: HEA 120 vysky 9 metrd z oceli S235JR
Moment setrvacnosti k ose y HEA 120: I = 6062000 mm*

Plasticky prifezovy modul k ose y HEA 120: Wy, , = 119500 mm?3
Smykova plocha HEA 120: A,, = 846 mm?

Rozted sloupti: lax =3 m

Zatizeni:
Mimotadna situace — vitr MSU f43=02%x0,615%x15x%x3=056kN/m
Mimoiadna situace — vitr MSP fr =0,2%x0,615x3 =0,37kN/m

Néavrhovy moment: Mgq = % x fgx1%2 = % x 0,56 X 92 = 5,67 kNm

Navrhova posouvajici sila: Vgq = 7 X fg X 1=2x 0,56 X 9 = 2,52 kN

Kriticky moment sloupu: M. = 19,46 KNm

Vypocet kritickeho momentu byl proveden v programu LTBeamN viz. Priloha ¢. 1.

o f gt Y Wp1yXf 119500x235
Pomérnd $tihlost: Ay = [ = \/ =

Mcr 19,46x106 1,2

Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o vilcovany priiez, kde h/b<2 a uvazuji kiivku
klopeni a.

xLt = 0,573

Posouzeni:

AyzXxfy — 846x235

V3xymo  V3x1
0,5 X Vgg = 0,5 X 115 = 58 kN > Vgq = 2,52 kN, VYHOVI vliv smyku miiZeme zanedbat

Vq = = 115kN > Vgq = 2,52 kN, VYHOVI

Mgq = X1 X yf—y X Wiy = 0,573 X 22 x 119500 = 16,1 kNm > Mgq = 11,14 kNm, VYHOVI
Mo

5xgx1* 5x0,37x9000*

_ 1 9000
" 384xExly  384x210000x6062000

= 24,15 mm < Wy, = 7> = = 60 mm, VYHOVIi

Navrhuji nosné sloupy sadrokartonové pricky z HEA 120 z oceli S235JR. Dimenze

rastru bude proveden dle dodavatele.
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4 Posouzeni prvki nosné konstrukce

4.1 Posouzeni sloupu IPE 450 (osa A) na interakci tlaku s ohybem

Navrh: IPE 450 z oceli S235JR

__II_ 1 -‘I.T I\”||_1-'_-I|-II :l‘:_|'_|‘“|1
0 R |
\ [

Jl' IT I'III' _‘r— —

Obrazek 37 - KZ13 — Pritbeh normdalovych sil N

Posuzovana normalova sila (KZ13): Ngp = 108 kN

| T
D~ T T TV T T T T
'|| 1l | \ I'. \ Il.___l.__'._l-—'-—"‘;“‘"'"_'f N HH_H_H"_""“"-

Obrazek 38 - KZ13 — Prubéh ohybovych momentii My

Posuzovany moment My, (KZ13): Mgp = 361 kNm
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Plocha priifezu IPE 450: A = 15600 mm?

Moment setrvacnosti k ose y IPE 450: I, = 92080 x 10* mm*
Moment setrvacnosti k ose z IPE 450: I, = 3387 x 10* mm*
Polomér setrvacnosti y IPE 450: iy = 185mm

Polomér setrvacnosti z IPE 450: i, = 41,2 mm

Vzpérna délka k ose y: L¢ry = 8500 mm

Vzpérna délka k ose z: L, = 2850 mm

Soucinitel vzpéru:

S 8500

Ay = = = 0,49
y iy X939 185x939

Uvazuji vzpérnostni kiivku a.

Xy = 0,927

- Ler, 2850 — 0,74

A =1X930  412x 939
Uvazuji vzpérnostni kiivku b.
Xz = 0,761

Kriticky moment sloupu: M., = 2420 KNm

Vypocet kritického momentu byl proveden v programu LTBeamN viz. Priloha C. 2.

Pro priifezové charakteristiky pro momentovou unosnost uvazuji prifez s maximalnim nabéhem

a pro tlakovou unosnost uvazuji prifez bez nabéhu tzn. pouze IPE 450.
Moment setrvacnosti k ose y: I, = 1522948920 mm*
Vzdalenost dolnich vlaken od tézisté: hy = 430,55 mm

Moment setrvacnosti a souradnice tézisté byly urceny v programu AUTOCAD 2023.

Iy 1522948920
max(hy;hg)  max(433,85;430,55)

Elasticky prifezovy modul k ose y: W, = = 3510309 mm3

Axf, 15600 x 235

Npq = Npp = = 3666 kN
Rd Rk Y1 1
Wery X f, 3510309 x 235
Mpq = Mg = — = = 825 kNm
YM1 1

Y Y WelyXf; 3510309%235
Pomérna §tihlost: App = [—2— = \/ =

Mcr 2420x106 0,58
Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o jiny priiez a uvazuji kiivku klopeni d.
XLT = 0,724
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Soucinitel ekvivalentniho konstantniho momentu Cy,y, Cryp7:

Vhitini sily | My [kNm]

14

Obrazek 39 - KZ13 — Pritbéh My na posuzovaném sloupu pro vzdalenost Lery

Coyy = 0,9

y
Vétsi z ohybovych momentt v misté napojeni ztuzidel: My = —255 kNm

Ohybovy moment uprostied rozpéti L., (viz. Obrazek 39): Mg = —202 kNm

M _—202_

=M, —255
My, —140

p=M_""" 55
My, —-255

Cmrr =024 0,8 x ag =0,2+ 0,8 x 0,79 = 0,832
Cmut = 0,832 > 0,4; VYHOVI

Pro vypo&et interakénich soudiniteld ki uvazuji Metodu 2 dle Narodni piilohy B v CSN EN
1993-1-1
kyy = min Cmyx<1+0,6x7_\yx&>;cmyx<1+0,6x£)

Xy X NRd Xy X NRd

108 108
Ky, = mi 0,9><(1+O,6><0,49><—);0,9><<1+0,6><—)
Yy mm( 0,927 X 3666 0,927 X 3666

kyy = min(0,908;0,917) = 0,908

K . <1 0,05 x 7\2 y Nggq 0,05 x NEq )
=min(1— 01—
i Cmir — 0,25 Xz X Ngq Cmrr — 0,25 Xz X Nggq

0,05 x 0,74 9 108 1 0,05 9 108 )
0,832 —-0,25" 0,761 x 3666’ 0,832-10,25 0,761 x 3666

k,y = min(0,998;0,997) = 0,997

k,y = min (1
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Posouzeni:

Nea g Mea 108 L ho0g— 30 _ss<1
Xy XNra 7" Xxur XMpa 0,927 X 3666 0,724x825 7~

Nea |y Mea 108 097301 _gea<
X, X Npg 2 " xpr X Mpq 0,761 x 3666 0,724x 825 ~

Obé podminky vyhovi.

Interakce tlaku a ohybu v misté hlavy sloupu IPE 450 s nabéhy vyhovi. Navrhuji
podélna sténova ztuzZidla v kazdé tiretiné vySky vétSiho ze sloupi. Interakce pro mensi sloup
v misté napojeni na pric¢li nebyla vypoc¢tena, jelikoZ se jedna o stejné prurezy a hodnoty
vnitinich sil jsou mensSi nez ve vétSim sloupu. Z tohoto diuvodu se nepredpoklada

e

nepriznivéjsi vysledek posudku oproti posuzovanému napojeni.
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4.2 Posouzeni pti¢le IPE 360 (u osy A) na interakci tlaku s ohybem

Néavrh: IPE 360 z oceli S235JR

Posuzovana normalova sila (viz. Obrazek 37): Ngp = 51 kN

Posuzovany moment My (viz. Obrazek 38): Mgp = 372 kNm

Kriticky moment pfi¢le: M. = 1344 KNm

Vypocet kritického momentu byl proveden v programu LTBeamN viz. Priloha C. 3.

Pro priifezové charakteristiky pro momentovou inosnost uvazuji prifez s maximalnim nabéhem

a pro tlakovou unosnost uvazuji priifez bez nabéhu tzn. pouze IPE 360.
Zattizeni pasnic
63

Tfida pésnic 1: 2 = —= = 496 <9 x ¢ = 9 x 1 = 9; VYHOVI
f ,

Zattizeni stojny

Ttida stojny 2: ti =222 =37325 < 38 x £ =x 1 = 38; VYHOVI

Plocha priifezu IPE 360: A = 7273 mm?

Moment setrvacnosti k ose y IPE 360: I, = 16270 X 10* mm*
Moment setrvaénosti k ose z IPE 360: I, = 1043 x 10* mm*
Polomér setrvacnosti y IPE 360: iy = 150 mm

Polomér setrvacnosti z IPE 360: i, = 37,9 mm

Vzpérna délka k ose y: L¢ry = 18200 mm

Vzpérna délka k ose z: Ly, = 6050 mm

Soudinitel vzpéru:

- Lay 18200

Ay = = = 1,29
y iy X93,9 150 %939

Uvazuji vzpérnostni kiivku a.

Xy = 0,476

- Loz 6050 17

}\' = = =
i, x939 37,9%939
Uvazuji vzpérnostni kiivku b.

X, = 0,278
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Plasticky prifezovy modul k ose y pro prifez s nabéhem: Wy, , = 2442000 mm?3

Plasticky priirezovy modul k ose y byl vypocten v programu LTBeamN viz. Priloha ¢. 3.

A X fy _ 7273 X 235
YM1 1

Wpiy X fy _ 244200 x 235

NRq = = 1709 kN

Mpgq = Mg = = 574 kNm

M1 1
s % T ,M ’574
Pomérnd §tihlost: Ay = [—2X = |=— = 0,65
Mer 1344

Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o jiny priiez a uvazuji kiivku klopeni d.

XLT = 0,676
Pro vypoéet soudinitele ekvivalentniho konstantniho momentu uvazuji Tabulku B.3 v CSN EN
1993-1-1.

Vitini sily | My / Mu [kNm]

Obrazek 40 — KZ13 — Pritbéh My, na posuzované pricli pro vzdalenost Lery

Soucinitel ekvivalentniho konstantniho momentu Cy,y:
Ohybovy moment v misté napojeni na sloup: My, = —372,36 kNm

Ohybovy moment uprostied rozpéti pro Lery: Mg = 113,27 kNm

Mg 11327
% =M, " —37236
g Mu _ 15708

My, -37236 '

Cmy =01-08X%X0as=0,1-0,8x(-0,3) =034

Cmy = 0,34 > 0,4; NEVYHOVI, proto Cp,y = 0,4
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Soucinitel ekvivalentniho konstantniho momentu Cyy 1:
Ohybovy moment v misté napojeni na sloup (viz. Obrazek 40): My, = —372,36 kNm
Ohybovy moment uprostied rozpéti L., (viz. Obrazek 40): Mg = —93,35 kNm

_My_ 9335
=M, —37236
My, 49,77
. - 0,13
My, -37236

Cmr =02+08x%x0a5=02+0,8x025=04
Cmrt = 0,4 = 0,4; VYHOVI

Pro vypocet interakénich soudiniteldl ki uvazuji Metodu 2 dle Narodni ptilohy B v CSN EN
1993-1-1

kyy = min [ Cpyy X <1 + (& —0,2) x k);cmy x <1 +0,8x £>
Xy X NRd Xy X NRd

51 51
Ky = mi 0,4><(1+ 1,29 —0,2 x—);0,4><(1+0,8><—>
vy mm( ( )X 476 X 1709 0,476 x 1709

kyy = min(0,427;0,42) = 0,42

k =mm<1- 01xA_ Nea ., 01 Ne )
i Cmrr — 0,25 Xz X Npq' Cmrt — 0,25 Xz X Ngg

K = min (1 B 0,1x1,7 y 51 1 0,1 9 51 )
zy 0,4—0,25" 0,278 x 1709’ 0,4—-0,25 0,278 x1709

k,y = min(0,878;0,928) = 0,878

Posouzeni:
Nea Meq 51 40,42 372 047 <1
_ X = X —m— =
Xy XNpa " XirXMgq 0476 x 1709 ' = 0676 x574 =
Nea Meq 51 +0,878 372 095 <1
_ X = X — =
Yo X Neg % " Yip X Mgq 0,278 x 1709 0676x574 =

Obé podminky vyhovi.

Interakce tlaku a ohybu pro p¥i¢li IPE 360 v misté napojeni na sloup vyhovi. Navrhuji
podporu proti klopeni 180 mm pod horni hranou priifezu v piidorysné vzdalenosti Sesti
metri od napojeni pti¢le na sloup (na oscach). Interakce pro pricli v napojeni na mensi
sloup nebyla vypo¢tena, nebot’ prutezy sloupu i pfi¢le jsou identické a hodnoty vnit¥nich sil

v tomto misté jsou nizsi. Z tohoto diivodu se nepredpoklada neptiznivéjsi vysledek posudku

oproti posuzovanému napojeni.
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4.3 Posouzeni sloupu HEA 160 (osa A) na interakci tlaku s ohybem

Navrh: HEA 160 z oceli S235JR

Obrazek 41 - KZ10 — Pritbeh normdalovych sil N

Posuzovana normalova sila (KZ13): Ngp = 48,09 kN

Obrazek 42 - KZ10 — Prubéh ohybovych momentii My

Posuzovany moment My (KZ13): Mgp = 17,44 kKNm
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Plocha priifezu HEA 160: A = 3877mm?

Moment setrvacnosti k ose y HEA 160: I, = 1673 x 10* mm*
Moment setrvacnosti k ose z HEA 160: I, = 615 x 10* mm*
Polomér setrvacnosti y HEA 160: iy = 65,7mm

Polomér setrvacnosti z HEA 160: i, = 39,8 mm

Vzpérna délka k ose y: L¢ry = 8500 mm

Vzpérna délka k ose z: L, = 2850 mm

Soucinitel vzpéru:

S 8500

A, = = =1,38
y iy X939 657x939
Uvazuji vzpérnostni kiivku a.
Xy = 0,428
_ L 2850
crz = 0,76

A =1X930  398x939
Uvazuji vzpérnostni kiivku b.
Xz = 0,749

Kriticky moment sloupu: M., = 177 KNm

Vypocet kritického momentu byl proveden v programu LTBeamN viz. Priloha . 4.
Axf, 3877 x235

Rd Rk VM1 1
Wiy X f, 245100 X 235
MRd = MRk = = = 58 kNm
YM1 1

.t war = Wy Xf 245100%235
Pomérna Stihlost: A p = Py — \/ =

= 0,57
Mcr 177x106 !

Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o vdlcovany priiiez, kde h/b<2 a uvazuji kiivku

klopeni a.

XLT = 0,901
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Soucinitel ekvivalentniho konstantniho momentu Cy,y, Cryp7:

Vniteni sily | My [kNm]

Obrazek 43 - KZ10 — Priitbéh My na posuzovaném sloupu pro vzdalenost Ler,y

Cmy =09
V¢Etsi z ohybovych momentl v misté napojeni ztuzidel: My, = 13,49 KNm

Ohybovy moment uprostied rozpéti L., (viz. Obrazek 43): Mg = 12,97 KNm

Mg 1297
=M, 1349
g Mu 1349

My, 13,49

Cmr=02+08x%xa3=02+0,8x0,96 =0,968
Cmrr = 0,968 > 0,4; VYHOVI
Pro vypo&et interakénich soudiniteldl ki uvazuji Metodu 2 dle Narodni piilohy B v CSN EN
1993-1-1
Ngg

- Ngg >
kyw =min|{ Cpy X{14+0,6 XA, X ——— |; Cpy X |14+ 0,6 X —
Yy ( my < Y Xy X NRd) my < Xy X NRd >

Kyy = mi 09><(1+O6><138>< 48,09 )-09><(1+06>< e )
yy = min{ 9, 0,428 X390/ "~ 0428x390

kyy, = min(1,115;1,056) = 1,056

_ 0,05 X A, Ng4 0,05 I\
k,y =min| 1 — X ;1 — X
CmrLr — 0,25 Xz X Npg Cmrt — 0,25 Xz X Ngq
. _ (1 0,05 x 0,76 4809 0,05 48,09 )
= - X ;1 — X
zy = T 2= 5968 — 0,25~ 0,749 x 390’ 0,968 — 0,25 . 0,749 X 390

k,y = min(0,991;0,989) = 0,989
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Posouzeni:

Nea gy Mea 4809 L oee 1P pea<n
Xy XNra 7" Xy XMpg 0,428 x390 0901x58  ~

Ned g o Mea 4809 ,oa0 174 554
Xz X Nrg 2 " xpp X Mgg 0,749 x 390 0,901x58

Obé podminky vyhovi.

Interakce tlaku a ohybu v misté hlavy sloupu HEA 160 vyhovi. Interakce pro mensi
sloup v misté napojeni na pri¢li nebyla vypoctena, jelikoZ se jedna o stejné prurezy a
hodnoty vnitfnich sil jsou mensi nez ve vétSim sloupu. Z tohoto divodu se nepredpoklada

e

nepriznivéjsi vysledek posudku oproti posuzovanému napojeni.
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4.4 Posouzeni pticle IPE 200 (u osy A) na interakci tlaku s ohybem

Navrh: IPE 200 z oceli S235JR

Posuzovana normalova sila (viz. Obrazek 41): Ngp = 8,59 kN
Posuzovany moment My, (viz. Obrazek 42): Mgp = 17,18 kNm
Kriticky moment pfi¢le: M. = 138 KNm

Vypocet kritického momentu byl proveden v programu LTBeamN viz. Priloha C. 5.
Plocha priifezu IPE 200: A = 2848 mm?

Moment setrvacnosti k ose y IPE 200: I, = 1943 x 10* mm*
Moment setrva¢nosti k ose z IPE 200: I, = 142,4 X 10* mm*
Polomér setrvacnosti y IPE 200: iy = 82,6 mm

Polomér setrva¢nosti z IPE 200: i, = 22,4 mm

Vzpérna délka k ose y: L¢ry = 6050 mm

Vzpérna délka k ose z: Ly, = 6050 mm

Soudinitel vzpéru:

Lery 6050

Ay = = =0,78
y iy x93,9 82,6x939

Uvazuji vzpérnostni kiivku a.

Xy = 0,807

- Loz 6050 288

A, = = =

Z i,%x939 22,4x939
Uvazuji vzpérnostni kiivku b.
Xz = 0,107

Plasticky prifezovy modul k ose y pro IPE 200: W, , = 220600 mm?3

A X fy _ 2848 x 235
YM1 1
Wpiy X fy _ 220600 x 235

NRq = = 670 kN

MRd = MRk = =52 KkNm

M1 1
v y s Y _ Mgk _ 5_2 _
Pomérna stihlost: App = /Mcr = /138 = 0,61

Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o vdlcovany priiiez, kde h/b<2 a uvazuji kiivku

klopeni a.

XLT = 0,886
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Pro vypocet soudinitele ekvivalentniho konstantniho momentu uvazuji Tabulku B.3 v CSN EN
1993-1-1.

Vinitfni sily | My [kNm]

Obrazek 44 - KZ10 — Prubéh My, na posuzované pricli pro vzdalenost Lery i Lerz 8 vyznacenym napojenim na sloup

Soucinitel ekvivalentniho konstantniho momentu Cy,y, Cryp7:
Ohybovy moment v misté napojeni na sloup: My, = —17,18 kNm

Ohybovy moment uprostied rozpeti pro Lery 1 Lerz: Mg = 2,3 KNm

S NPT
=M, —1718
Mp, =9
=N = 0,52
Mp, -17,18

Cmys Cmr = 0,1-0,8 X ag =0,1-0,8 % (—0,13) = 0,2
Cmy Cmir = 0,2 = 0,4; NEVYHOVI, proto Cry) Cmrr = 0,4
Pro vypoéet interakénich sou¢initeldl kij uvazuji Metodu 2 dle Nérodni piilohy B v CSN EN

1993-1-1.

kyy = min | Cpyy X <1 + (&, - 0,2) x h);cmy x <1 +0,8 % &>
Xy X NRd Xy X NRd

kyy, = mi O4><<1+(078 0,2) x 8,59 )-O4><(1+08>< 8,59 )
yy = ’ “) %0807 x 670/ © 70,807 X 670

kyy = min(0,403; 0,405) = 0,403

yy
0,1x2, Ngq4 0,1 I\ )
k,, =min(1— X ;1 — X
i < Cmit — 0,25 Xz X Ngq Cmit — 0,25 Xz X Nggq
o (1 01x288 859 01 859 )
zy = I = 540,25 70107 x 670’ 0,4—1025 0,107 X 670
ky = min(0,77;0,92) = 0,77
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Posouzeni:

Nea (oo Mea 859 003k ’ = 0,166 < 1
Xy XNra 7" Xur XMpg 0,807 X670 0886x52 '~
Nea Meq 859 | g77x 1718 0407 < 1
—_— X = X—mam =
Xy X Ngg % 7 Yp X Mg 0,107 x670 "7 0886x52 =

Obé podminky vyhovi.

Interakce tlaku a ohybu pro p¥icli IPE 220 v misté napojeni na sloup vyhovi. Interakce
pro pii¢li v napojeni na mensi sloup nebyla vypoétena, nebot’ prurezy sloupu i pricle jsou
identické a hodnoty vnitinich sil v tomto misté jsou niZsi. Z tohoto diivodu se nepredpoklada

ew 7

nepiiznivéjsi vysledek posudku oproti posuzovanému napojeni.
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4.5 Posouzeni ztuzidel TRk 82,5%5 ve §titové sténé na vzperny tlak

Navrh: TRk 82,5%5 z oceli S235JR

Obrazek 45 - KZ11 — Pritbéh normdalovych sil N ve ztuzidlech Stitové stény

Posuzovana tlakova sila (KZ11): Ngp = 40,34 kN
Posuzovana tahova sila (KZ11): Ngp = 28,85 kN
Plocha prifezu TRk 82,5%5: A = 1217 mm?

Moment setrva¢nosti TRk 82,5x5: I = 110 x 10* mm*
Polomér setrvacnosti TRk 82,5x5:i= 27,5 mm

Délka ztuzidla: L = 6800 mm

Kriticka délka: Lo, = L X /1 — 0,75 x % = 6800 X J1 — 0,75 X =222 = 4630 mm

Soudinitel vzpéru:

Le 4630
ix93,9 275%939

A=

1,79

Uvazuji vzpérnostni kiivku a.

X = 0,273
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Unosnost ztuzidla:

XXAXfy 0,273 x 1217 x 235
Ngp = = = 78 kN
YM1 1

Ngp = 40,34 kN < Ngp = 78 kN; VYHOVIi

Navrhuji sténova ztuzidla ve Stitové sténé z kruhové trubky 82,5x6,3 z oceli S235JR,

ktera vyhovi.
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4.6 Posouzeni pticnych ztuzidel TRk 89%5 v podélné sténé na vzpérny tlak

Navrh: TRk 89x5 z oceli S235JR

Obrazek 46 — KZ2 — Pritbéh normalovych sil N ve ztuzidlech podélné stény

Posuzovana tlakova sila (KZ2): Ngp = 29,39 kN
Posuzovana tahova sila (KZ2): Ngp = 27,57 kN
Plocha priifezu TRk 89x5: A = 1319 mm?

Moment setrva¢nosti TRk 89x5: 1= 117 x 10* mm*
Polomér setrvacnosti TRk 89x5: 1 = 29,8 mm

Délka ztuzidla: L = 7300 mm

Kriticka délka: Lo, = L X /1 = 0,75 x || = 7300 x J1 — 0,75 X 222 = 3975 mm

Soudinitel vzpéru:

Le 3975
ix93,9 298x%x939

A=

1,42
Uvazuji vzpérnostni kiivku a.
x = 0,408
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Unosnost ztuzidla:

xxAxf, 0,408 x 1319 x 235
YM1 1

Negp = 29,39 kN < Ngp = 126 kN; VYHOVI

Navrhuji sténova ztuZidla v podélné sténé z kruhové trubky 82,5x6,3 z oceli S235JR,

ktera vyhovi.
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4.7 Posouzeni stfeSnich ztuzidel TRk 108%6,3 na vzpérny tlak

Navrh: TRk 108%6,3 z oceli S235JR

Obrazek 47 — KZ11 — Pritbéh normdalovych sil N ve stiresnich ztuzidlech

Posuzovana tlakova sila (KZ2): Ngp = 20 kN
Posuzovana tahova sila (KZ2): Ngp = 32,70 kN

Plocha priifezu TRk 108%6,3: A = 2013 mm?

Moment setrvaénosti TRk 108x6,3: I = 261 x 10* mm*
Polomeér setrvac¢nosti TRk 108%6,3: i = 36 mm

Délka ztuzidla: L = 8950 mm

N¢

Kriticka délka: Ly = L X [1—0,75X |- 32,70

= 8950><\/1—0,75><7= 8950 x 0,5

C

Lo = 4475 mm

Jelikoz je tahova sila vétsi nez tlakova, tak uvazuji maximalni vyuziti tahové sily pro zmenSeni
kritické délky tlaceného ztuzidla.

Soucinitel vzpéru:

L 4475
ix939 36x939

A=

1,32

Uvazuji vzpérnostni kiivku a.
x = 0,459
Unosnost ztuzidla:
XX A X fy 0,459 x 2013 x 235
NRD - == - 217 kN
YMm1 1

Ngp = 20kN < Ngp = 217 kN; VYHOVI

Navrhuji stfeSni ztuzidla z kruhové trubky 108x6,3 z oceli S235JR, ktera vyhovi.
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4.8 Posouzeni sloupu Stitové stény z HEA 200 na interakci tlaku s ohybem

Navrh: HEA 200 z oceli S235JR

Obrazek 48 - KZ11 — Pritbéh normdalovych sil N

Posuzovana normalova sila (KZ11): Ngp = 111 kN

Obrazek 49 - KZ11 — Prubéh ohybovych momenti M,

Posuzovany moment My, (KZ11): Mgp = 51,95 kNm

60



Plocha priifezu HEA 200: A = 5383 mm?

Plasticky prifezovy modul setrvacnosti HEA 200: Wy, = 429500 mm?3
Polomér setrvacnosti y HEA 200: iy = 82,8 mm

Polomér setrva¢nosti z HEA 200: i, = 49,8 mm

Vzpérna délka k ose y: Lery = 9215 mm

Vzpérna délka k ose z: Ly, = 3150 mm

Soudinitel vzpéru:

- Ly 9215

A, = = =1,19
y iy x93,9 82,8x%939

Uvazuji vzpérnostni kiivku a.

Xy = 0,536

- Leez 3150 0.67

M= X930 498x939
Uvazuji vzpérnostni kiivku b.
Xz =08

Kriticky moment sloupu: M, = 344 kNm

Vypocet kritickeho momentu byl proveden v programu LTBeamN viz. Priloha ¢. 6.
Axf, 5383 x235

No+ = NpL = = 1265 kN
Ra = Newe = — - 1
Wiy X f, 429500 X 235
Mpq = Mgy = -2 Y — — 101 kNm
YM1 1

o f gt Y Wp1yXf 429500%235
Pomérnd $tihlost: Ay = [ = \/ =

= 0,54
Mcr 344x106 !

Podle tabulky 6.4 v CSN EN 1993-1-1 se jednd o vilcovany priifez, kde h/b<2 a uvazuji kiivku

klopeni a.

XLT = 0,911
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Soucinitel ekvivalentniho konstantniho momentu Cy,y, Cryp7:

Vnitini sily | My [kNm]

n
ES

Obrazek 50 - KZ11 — Pribéh My na posuzovaném sloupu pro vzdalenost Ler,y

Pomér momentt v hlavé a paté sloupu: =0

Chy =06+04XY=06+04x0=0,62=04, VYHOVi

Pro vypocet soucinitele ekvivalentniho momentu Cmir je zvoleno prostiedni pole, nebot’ jeho
prubéh ohybového momentu se nejvice ze vSech tfi poli blizi konstantnimu pribéhu momentu,
ktery predstavuje z hlediska stability nejvice nepfiznivy ptipad.

Vétsi z ohybovych momentt v misté napojeni ztuzidel: My, = 47 kNm

Ohybovy moment uprostied rozpéti L., (viz. Obrazek 50): Mg = 51,95 kNm

My 47
=M, 5195
My, 47

Cmrtr = 0,95+ 0,05 X a, = 0,95+ 0,05 % 0,9 = 0,995
Cort = 0,995 > 0,4; VYHOVI
Pro vypocet interakénich soudiniteldl ki uvazuji Metodu 2 dle Narodni piilohy B v CSN EN

1993-1-1

kyy = min Cmyx<1+O,6x7\yx£>;cm},x<1+0,6x£>
XyXNRd XyXNRd

111 111
Ky, = mi O,6><(1+O,6><1,19><—);0,6><<1+0,6><—>
Yy mm( 0,536 x 1265 0,536 x 1265

kyy = min(0,67; 0,66) = 0, 66

yy
0,05 x 7\2 Nggq 0,05 NEq )
k,, =min|(1— X ;1 — X
= < Cmrt — 0,25 Xz X NRrq Cmrt — 0,25 Xz X NRrq
o (1 005x067 111 005 11 )
zy = M\ 275995 - 0,25 7 0,8 x 1265° ~ 0,995 — 0,25 . 0,8 X 1265
kqy = min(0,995;0,993) = 0,993
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Posouzeni:

Nea ooy Mea M e 219 o
Xy XNra = " Xur XMpa 0,536 x 1265 = 0911x 101 ~ ~
Nea |\ Meq U1 0993 °1.95 0,67 <1
— X = X — =
Xz XNra 2 " xur XMpq  0,8%x 1265 0911x 101 =

Obé podminky vyhovi.

Interakce tlaku a ohybu vyhovi u sloupu ve §titové sténé z HEA 200 z oceli S235JR.
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5 Navrh a posouzeni vybranych detaili

5.1 Detail 1

Obrazek 51 - Detail napojeni stitového sloupu na krajni vazbu

Navrh a posouzeni napojeni ztuzidla TRk 82,5x5 na pricli IPE 200.
Navrh: 2xM16 jakosti 8.8

Okrajové podminky:

Sila piisobici ve ztuzidlu (KZ11): Fgq = 40,81 kN

Unosnost jednoho §roubu ve stfihu: Fyrqa = 60,3 kN
Unosnost jednoho $roubu v otlageni: Fpra = 1% X 85,3 = 68,24 kN

Posouzeni:

Frq = 2 X min(FV_Rd; Fb_Rd) = 2 X min(60,3; 68,24) = 2 X 60,3 = 120,6 KN > Fg4 = 40,81 kN
VYHOVI

Navrhuji dva Srouby M16 jakosti 8.8.

Navrh: Koutovy svar 4x3 mm délky 50 mm

Okrajové podminky:

Sila piisobici ve ztuzidlu (KZ11): Fgq = 40,81 kN

Délka svaru: L,, = 50 mm

Tloustka svaru: a,y, = 3 mm

Navrhova pevnost svaru namdhaného smykem:
_ fu _ 360
V3XBw XYMz V3%x0,8x1,25

= 207,8 MPa

fvw,d
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Unosnost svaru:

Furd = 4 X 0y X Ly X fyq = 4 X 3 X 50 X 207,8 = 125 kN > Fgq = 40,81 kN, VYHOVI

Navrhuji koutovy svar tlou$t’ky 3 mm po celé délce napojeni plechu s kruhovou trubkou
ztuzidla tzn. 50 mm.
Navrh: Koutovy svar 2x3 mm délky 168 mm

Okrajové podminky:

Fgqp = cos(33°) x 40,81 = 34 kN
Fgq:. = sin(33°) x 40,81 = 22 kN
Dé¢lka svaru: L, = 168 mm
Tloustka svaru: a,y, = 3 mm

Vv

Posouzeni svaru:

FraL FpaL X 1 22000 22000 x 135 1
N L, o1 B \2x3x168 1, 1 2
XOwXbw g xdxa,xL,?) V2 O\Z2X 2xzx3x1682) V2

0, =1, =90MPa

_ Fgqy 34000
T

= = = 34 MP
2xay XLy, 2x3x168 a

\/olz +3 % (1,2 4+ 142) = /902 + 3 x (902 + 342) = 189 MPa

= 360 MPa

J 2 4+3x (1,24 12) = 189 MPa < f, 360
oL whTht) = 4= B8, X vz 08x 1,25

f, _ 360

= 288 MP
YMm2 1,25 a

6, = 90 MPa <

Obé podminky vyhovi.

Navrhuji koutovy svar tlou§t’ky 3 mm po celé délce napojeni plechu s pricli tzn. 168 mm.
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Obrazek 52 - Detail napojeni stiesnich ztuzidel na krajni vazbu v roviné strechy

Navrh: Koutovy svar 2x3 mm délky 70 mm

Okrajové podminky:

Rovnobézné sily se svarem pilsobici v misté napojeni plechu od ztuzidel (KZ11):
Fgq1y = sin(25°) x 17,87 = 8 kN

FEdZIl = Sin(420) X 32,7 = 21,9 kN

FEdlI = Z FEdi =8 + 21,9 = 29,9 kN

Fgqr = 14,65 kN
Délka svaru: Ly, = 70 mm

Tloustka svaru: a,, = 3 mm

66



Posouzeni svaru:

Foa _ Feg xe 1 14650 14650x34 | 1
o, =1, = —= —
Z X @y X Ly ZX%xawawz V2 \Z2x3x70 2><%><3><702 V2

0, =1, =97 MPa

o Fea 29900 _ .
U Xy, XLy 2x3%x70 4

\/clz +3x (1.2 +7142) =972 + 3 x (972 + 712) = 230 MPa

f 360
2 4 3% (1,2 2) = 230 MPa < = = = 360 MP
\/GJ_ + (t 2+ 1% a_BwXYMz 08x 125 a
f 360
6, =97MPa< — = —— = 288 MPa
YMZ 1,25

Obé podminky vyhovi.
Navrhuji koutovy svar tloust’ky 3 mm po celé délce napojeni plechu se stojnou p¥icle tzn. 24

a 46 mm.
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5.2 Detail 2

. =
110050, 190/ 50,100 )
% / =
E “/ |
[~dxM16
C=—oH=—a /’—PS
=] = T "/
< sE 8 B <
W
g bz P20
[a]
g & &
3 S
1150 70 050, "~
16 # * o]

Obrazek 53 - Detail patky sloupu hlavni vazby na priseciku osy D a osy 6

Navrh: Patni plech tloustky 20 mm z oceli S235JR

Okrajové podminky:

Zelezobetonovy patka 750x490x1500 z betonu C30/37.

Podkladni plech tloustky 20 mm o rozmérech 390x650 mm z oceli S235JR.
Maltové podliti tloustky 40 mm.

Posuzovana vnitini sila v globalnim sméru z (KZ1): Fgqg = 121 kN
Posouzeni inosnosti patky:

a; = min(3 X ag,ay + h,a,) = min(3 % 390,390 + 1500,490) = min(1170, 1890, 490)

a; = 490 mm

b; = min(3 X by, by + h,by) = min(3 x 650,650 + 1500,750) = min(1950,2150,750)

b; = 750 mm
<o o b 490x750
Soucinitel koncentrace napéti: k; = \/alX L= \/ 2 =12
agXxbg 390%650
B]xk xfck 0,667x1,2X30
Navrhova pevnost betonu: fjq = 16 MPa
235
Uginna §itka patni desky: ¢ = tp X =20 Ixie = 44,3 mm

Efektivni plocha: A = 90059 mm?

Efektivni plocha byla vypocitana v programu AUTOCAD 2023.
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Unosnost patky: Ngpgq = Aefr X fjg = 90059 X 16 = 1449 kN > Fgq = 121 kN, VYHOVI
Navrhuji patni plech tloust’ky 20 mm o rozmérech 390x650 mm z oceli S235JR.
Posouzeni potieby smykové zarazky

Okrajové podminky:
Sila ptsobici v globalnim sméru x (KZ1): Fgqx = 48,01 kN
Sila piisobici v globalnim sméru y (KZ1): Fgqy = 4,77 kN

Sila ptsobici v globalnim sméru z (KZ1): Fgq, = —121 kN

Vog = /FEd,XZ + Fgay” = V48,012 + 4,772 = 48,25 kN

Feq, X n=121x0,2 = 24,2kN > Vgq = 48,25 kN, NEVYHOVI
JelikoZ podminka nevyhovéla je potfeba navrhnout smykovou zarazku.
Navrh: smykova zardzka HEB 100 z oceli S235JR

Prifezovy modul k ose y pro HEB 100: W, , = 104200 mm?3
Prifezovy modul k ose z pro HEB 100: W, = 51200 mm?3
Momentova unosnost prifezu k ose y pro HEB 100:

Mgay = Wpiy X fy/Ymo = 104200 X 235/1 = 24,487 kNm
Momentova unosnost prafezu k ose z pro HEB 100:

Mgdz = Wpiz X fy/Ymo = 51200 X 235/1 = 12,032 kNm
Smykova plocha priifezu pro HEB 100: A,,; = 904 mm?
Smykova plocha péasnice pro HEB 100: A,,, = 1000 mm?

Délka profilu:
Viq 48250

hmin=b F 30=24mm>50mm
*led 100 x 7%

Volim: h = 50 mm pod maltovou zalivkou

Posuzované vnitini sily:

Mggy = h X Fgqy = 0,09 x 48,01 = 4,32 kNm

Mgg, = h X Fgqy = 0,09 X 4,77 = 0,43 kNm
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Vliv osové sily neni v tomto pfipadé uvazovan, nebot se predpoklada jeji pfenos prostiednictvim
patniho plechu do betonového podkladu. Z tohoto divodu je koeficient B uvazovan v minimalni

hodnoté 1. Koeficient a je pro prifezy typu I a H uvazovan v hodnoté 2.

Mray)" , (Meds " ( 4,32 )2 +( 043 )1 = 0,07 < 1
Mgay MRz 24,487 12,032 ’

v _ Aypr X fy 904 x 235
plLRd1 \/§ X Yo \/§ % 1
v _ Aygp X fy _ 1000 x 235
plLRd2 \/§ X Yo \/§ % 1

Vsechny tfi podminky vyhovi.

= 123 kN > Vgq = 48,01 kN

= 136 kN > Vgq = 4,77 kN

Navrhuji smykovou zarazku z profilu HEB100 z oceli S235JR pro v§echny sloupy, které jsou

uloZeny na opérné Zelezobetonové sténé.
Navrh: koutovy svar a,, = 3 mm po celém obvodé profilu HEB100

Uvazuji pieneseni ohybového momentu svarim okolo pasnic a pfeneseni smyku svarim podél

stojny.

BOD C. 2

BOD C. 1

Obrazek 54 - Vykresleni posuzovanych bodii

Posouzeni svaru v bodé 1:

o, =1, =0MPa

Fra.x 48010

- - — 100 MP
U X a, x(h—2xt)  2x3x(100—2 x 10) a

\/clz +3x (1.2 +142) =02 + 3 x (02 + 1002) = 173 MPa

\/clz +3x(t 2+ 1?%)=173MPa < fu _ 360 _ 360 MPa
By X Yz 0,8 X 1,25
£, 360
(o) =0MP3SYE=E=288MP3

Obé podminky vyhovi pro bod ¢. 1.
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Posouzeni svaru v bodé 2:

Frax X h 48010 x 90
6. =1 = h—tr Frgy X h o1 _[To0-10_ N 4770 x 90 N
1 — L= —_— = J—
2X oy X b 4><%><b2><ocw V2 | 2x3x100 4X%x1002x3 VZ
0, =1, =72MPa
F 4770
T By — = 4 MPa

“4xa,xb 4x3x100

\/clz +3x (1.2 +7142) =722 + 3 x (722 + 42) = 144 MPa

f 360
2 43 % (1,2 2) = 144 MPa < i = = 360 MP
\/GJ_ + (t12+12) a_BwXYMz 08x 125 a
f 360
6, =72MPa< — = = 288 MPa
YMZ 1,25

Obé podminky vyhovi pro bod ¢. 2.

Navrhuji koutovy svar 3 mm po celém obvodu smykové zarazky HEB 100.
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5.3 Detail 3
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Obrazek 55 - Detail patky sloupu hlavni vazby

Néavrh: Patni plech tloustky 20 mm

Okrajové podminky:

Zelezobetonova patka 1200x1200x1000 z betonu C30/37.
Podkladni plech tloustky 20 mm z oceli S235JR

Maltové podliti tloustky 40 mm

Posuzovana vnitini sila v globalnim sméru z (KZ1): Fgqg = 108 kN

Posouzeni inosnosti patky:

a; = min(3 X ag,ag + h,ay) = min(3 x 390,390 + 1000, 1200) = min(1170,1390,1200)
a; = 1170 mm

b; = min(3 X by, by + h,by) = min(3 x 650,650 + 1000,1200) = min(1950, 1650, 1200)

b; = 1200 mm
.. ., a;xb 1170x1200
Souginitel koncentrace napéti: ki = |[/—= = =235
P
) agxbg 390x650
, i BjxKkjxfeck 0,667%2,35X30
Navrhova pevnost betonu: fjq = = = 31 MPa

1,5

s owry , fy 235

Ucinna $ifka patni desky: c =t, X [——=20X |-— =31,8 mm
p 3xfig 3x31

Efektivni plocha: Agg = 65740 mm?
Efektivni plocha byla vypocitana v programu AUTOCAD 2023.
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Unosnost patky: Nrq = Aefr X fjg = 65740 X 31 = 2038 kN > Fgq = 108 kN, VYHOVI

Navrhuji patni plech tloust’ky 20 mm o rozmérech 390x650 mm z oceli S235JR.
Posouzeni smykové inosnosti

Okrajové podminky:

Sila ptisobici v globalnim sméru x (KZ13): Fgq = 36,13 kN

Sila ptisobici v globalnim sméru y (KZ13): Fgq = 17,03 kN

Sila ptusobici v globalnim sméru z (KZ13): Fgqg = 56 kN

Posouzeni pifenosu smykové sily patkou viz. Ptiloha €. 7.

Navrhuji 4xM24 na chemickou kotvu. Podrobné roztece Sroubu viz. Vykres 6.2.
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5.4 Detail 4
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Obrazek 56 - Detail momentového spoje
Navrh: 2x11 Sroubd jakosti 8.8

Vypocet dimenze svari

a) Spoj pasnice IPE 360 s plechem P20

f, X 12,7 235 0,8 x 1,25
y)x Bw X Ym2 = x( ) = 5,86 mm

t
>—x[(——
w1 = 5 <YM0 f, 2 1 360
V2 V2

Volim: a,; = 6 mm

b) Spoj stojny IPE 360 s plechem P20

t [ B XVa | 8 235\ [08x125
aw2>zx<m>x T —EX( 1 )X @ = 3,69 mm

V2 vz

Volim: ay,; = 4 mm
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¢) Spoj pasnice IPE 450 s plechem P20

2" Yo f, 2 "\1 360

t f, X 14,6 (235 0,8 x 1,25
O3 > = X <—y) X Bw X Ymz = X ( ) X = 6,73 mm
V2 V2

Volim: a3 = 7 mm

d) Spoj stojny IPE 450 s plechem P20

t f, Bw XY 94 (235 0,8x1,25
—x (= Tw2 Mz | _ 22 ’ ’ =
aw4>2x<YM0)x T, > x( 1 )x 360 4,34 mm

2 2
Volim: a,, = 5 mm
Vsechny svary jsou navrZzeny na maximalni inosnost.
Unosnost Fady Sroubii pod pasnici

Stanoveni tinosnosti pdsnice nahradniho T-prufezu:

c;=08x%Xa,XxV2=08x6xv2=678mm
€, = 08X ay XV2 =0,8x4xv2=453mm
m, =60 —c; =60—6,78=053,22 mm
m=91—-c, =91 —-4,53 =86,47 mm

1= m 86,47 - 0.68
' " m+e 8647+41
o M2 53,22 o042
2 " m+e 8761+41
L e, * T ®gr ® s YN
Ly 13l [ | ‘ l ] |||
12 | | 1 l Tl |

1%

0,6 \
._ k\ 1 \ 4
N EEANASN ALY

&é \ 3 &:4,45
0,1 | %g

| n

0 61 02 03 04 05 OB 07 08 08

—_—

Obrazek 57 - Graf pro urceni soucinitele a
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Uvazuji (uvazuji horSi z variant, jelikoz kiivky se protinaji mimo kifivku pro hodnotu 5 a
jednotlivé kiivky nejsou kresleni s absolutni pfesnosti): a = 4,75
n = min(e; 1,25 X m) = min(41; 1,25 X 86,47) = min(41; 108,09) = 41 mm

Vypocet efektivni §ifky pro ndhradni T profil:

a) Rada $roubt plisobi samostatné — kruhové poruseni
leffep =2 XXM =2X1X8647 = 543 mm

b) Rada $roubti piisobi samostatné — nekruhové poruseni
leffnc = a X m = 4,75 X 86,47 = 411 mm

¢) Rada $roubii plisobi jako soudast skupiny — kruhové poruseni
leffep =T Xm+p=mXx8647 +80 =352 mm

d) Rada $roubt pisobi jako soudast skupiny — nekruhové poruseni
leffne = 0,5Xp+axm—(2Xm+ 0,625 Xe)
lefenc = 0,5 X 80 + 4,75 X 86,47 — (2 X 86,47 + 0,625 X 41) = 252 mm
legg1 = min(lege) = min(543; 411;352;252) = 252 mm
legsr = min(leff,nc) =min(411,252) = 252 mm

Navrhova tnosnost Sroubu:

1 L f 1 , 235
Mpl,l,rd = Mpl,Z,rd =—X Ieff,l X tee” X —— ==X 252 X 20 X — = 5,922 kNm
4 YMo 1

Navrhova tnosnost fady Sroubu pod taZenou pasnici:

Zpusob poruseni 1:

4X Mpiypa 4% 5922000

F - = = 274 kN
taRd m 86,47

Zpusob poruseni 2:

Unosnost §roubu M16 v tahu: F¢ra = 90,4 kN

2XMpi2rq +0X Y Fera 2 X 5922000 + 41 X 2 X 90400

m+n 8647 + 41 = I51kN

Febra =
Zpusob poruseni 3:
Ficrda = z Fira = 2% 90,4 = 180,8 kN

Fe1ra = Min(Fyara; Fepra; Frera) = min(274; 151;180,8) = 151 kN

N

h; =920 mm
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Unosnost vnitini rad Sroubu

Stanoveni tinosnosti pdsnice nahradniho T-prufezu:

c=08xay,XxV2=08x4xXv2=453mm
m=91-c=91-4,53 =8647 mm
n = min(e; 1,25 X m) = min(41; 1,25 X 86,47) = min(41;108,088) = 41 mm

Vypocdet efektivni §ifky pro nahradni T profil:

a) Rada Sroubt pilisobi samostatné — kruhové poruseni

leffep =2XTMXm=2X1X8647 = 543 mm

b) Rada $roubt piisobi samostatné — nekruhové poruseni
leffop =4 Xm+ 1,25 X e =4 x 8647 + 1,25 X 41 = 397 mm

¢) Rada $roubi plisobi jako soudast skupiny — kruhové poruseni
leffep = 2 X p=2X80 =160 mm

d) Rada $roubt pisobi jako soudast skupiny — nekruhové poruseni
Ieff‘op =p =80 mm
legr1 = min(lege) = min(543;397;160;80) = 80 mm
lefrz = min(legrop) = Min(397,80) = 80 mm

Navrhova tinosnost §roubu:

1 L f 1 , 2
Mpl,l,rd = Mpl,Z,rd = Z X Ieff,l X tee X — =-=x%x80 X 20° X T = 1,88 KkNm
YMmo

Navrhova unosnost fady Sroubu pod tazenou pasnici:

Zpusob poruseni 1:

4XMpqrq 4 x 1880000
Frard = nf <= a7 = 87 kN

Zpusob poruseni 2:
Unosnost §roubu M16 v tahu: Fira = 90,4 kN

2 X Mpiarda t N X Y Fiprg _2x1880000 +41 x 2 x 90400

m+n 86,47 + 41 = 88KkN

Fipra =
Zpusob poruseni 3:
Fiera = Z Fira = 2 %904 = 180,8 kN

Fe2rd = Min(Fyara; Fepra; Frera) = min(87;88;180,8) = 87 kN
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N

h, = 840 mm
h; = 760 mm
h, = 680 mm
h; = 600 mm
hg = 520 mm

Smykova unosnost spodni Fady Sroubi
Uvazuji konzervativné fadu Sroubi, ktera neni uvazovana pro vypocet momentové iinosnosti.
Sila od posouvajici sily (KZ13): Vgqy = sin(41°) x 90,12 = 59,1 kN
Sila od normalové sily viz. Obrazek 37: Vgqn = cos(41°) X 51 = 38,5 kN
Posuzovand vnitini sila: Vgqg = Vgqv + Vggn = 59,1 + 38,5 = 97,6 kN

Unosnost jednoho $roubu ve stfihu (jedna stiizna rovina): Fyra = 60,3 kN

Unosnost jednoho Sroubu v otladeni:

= ( - -f“b-1)— '(60 -800-1)— in(1,1;2,2,1) = 1
4 =M, ) T MM 3% 18’360’ ) T M AS Y=

e 50
k, = min (2,8 x$2_17, 2,5) — min (2,8 X2 1,7; 2,5) — min(6;2,5) = 2,5

do 18
ki Xop xfyxdxt 25x1x360x16x20
Fb Rd — = =230 kN
’ Ym2 1,25

Smykova tnosnost spodni fady Sroubu:

VRq = 2 X min(FV_Rd; Fb_Rd) = 2 X min(60,3; 230) = 120,6 kN > Vg4 = 97,6 kN, VYHOVI
Smykova unosnost spodni Fady Sroubi vyhovi.
Unosnost pasnice piicle v tlaku

Podminka tazenych Sroubii a pasnice

WpiyXfyk _ 1019000x235
(h—t)xymo  (360—1 ,7)X1

Fefprd = = 690kN > Y Fyjrq = 151+ 5 x 87 = 586 kN, VYHOVI

Podminka taZenych Sroubi a pasnice vyhovéla, tudiZ neni nutné redukovat spodni rady
taZenych Sroubii.
Unosnost stojny ve smyku
Spojovaci plechy mezi sloupem a pficli nejsou orientovany kolmo k pasnicim pfticle, a proto ve
spoji pusobi jako diagonalni prvky, které bezpe¢né pienaseji potfebné smykové sily.
Rozdéleni sil a momentova unosnost spoje
Fiora = 151KkN < 1,9 X Firq = 1,9 X 90,4 = 172 kN, VYHOVi

Podminka pro Fadu $roubii s nejvétsi unosnosti vyhovi.
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Momentova inosnost spoje
Mgpq = Z Fiira X h; =151 x 0,92 + 87 x (0,84 + 0,76 + 0,68 + 0,60 + 0,52) = 435 kNm

Mpq = 435 kNm > Mgq = 372 kNm, VYHOVI
Momentova inosnost spoje vyhovi.

Ovéreni zanedbani tlakové sily

Axfy _ 12103x235

= = 284 kN > Nggq = 51 kN, VYHOVI
YMoX10 1x10

Npird =
Osova sila nepiekrocila 10% unosnosti pricle v tlaku, tudiZz muZeme vliv tlakové sily
zanedbat.

Navrhuji spoj sloupu s piic¢li pomoci dvou plechi tloust’ky 20 mm z oceli S235JR pomoci 22

Sroubt M16 jakosti 8.8.
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| - PARAMETERS

1.1 - General parameters

Projected total length :

Initial discretization of the beam :

1.2 - Material

Name :

Young modulus :

Shear modulus :

Poisson factor :

Density :

1.3 - Sections

Alignment of sections :

L=9m

Ng = 100 elements

Steel

E = 210000 MPa
G = 80769 MPa
v=0,3

o = 7850 kg/m3

Top

[ v—to U

Figure 1 : Profile in long with section numbers.

17/05/2025 Software use conditions apply
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- Section No. 1: HEA 120

Abscissa from the left end of the beam :

Type :

x=0m

In catalogue (OTUA)

120

114
o

57

Main geometrical properties :

Figure 2 : Section No. 1 (HEA 120).

zg =0cm

Zg =57cm

Iy = 606,15 cm?

1, =230,9 cm?

I = 5,938 cm# (Villette)
Ly = 6485,9 cm®

Other geometrical properties :

A = 25,34 cm?
A\,’y =19,2 cm?
Weiysup = 106,34 cm3
Weiyine = 106,34 cm3
Wpl,y = 119,49 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous

: Continuous
w' : Continuous

A, = 8,456 cm?
W, = 38,48 cm3
Wi, = 58,85 cm3

17/05/2025

Software use conditions apply
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- Section No. 2 : HEA 120

Abscissa from the left end of the beam :

Type :

Xx=9m

In catalogue (OTUA)

120

114
o

57

Main geometrical properties :

Figure 3 : Section No. 2 (HEA 120).

zg =0cm

Zg =57cm

Iy = 606,15 cm?

1, =230,9 cm?

I = 5,938 cm# (Villette)
Ly = 6485,9 cm®

Other geometrical properties :

A = 25,34 cm?
A\,’y =19,2 cm?
Weiysup = 106,34 cm3
Weiyine = 106,34 cm3
Wpl,y = 119,49 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous

: Continuous
w' : Continuous

A, = 8,456 cm?
W, = 38,48 cm3
Wi, = 58,85 cm3

17/05/2025

Software use conditions apply
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1.4 - Lateral restraints

Figure 4 : Profile in long with restraint numbers.

- Restraint No. 1 :

Type : Ponctual
Abscissa from the left end of the beam : x=0m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

- Restraint No. 2 :

Type : Ponctual
Abscissa from the left end of the beam : XxX=9m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

17/05/2025 Software use conditions apply
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1.5 - Supports

Figure 5 : Profile in long with support numbers.

- Support No. 1 :

Abscissa from the left end of the beam : x=0m

Support conditions :

u : Fixed
w : Fixed
w' : Free

- Support No. 2 :

Abscissa from the left end of the beam : XxX=9m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply 5/11
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1.6 - Loads

Type of loading : Internal

- Moment diagram :

Figure 6 : Moment diagram.

Active : Yes

Table 1 : Moment diagram.

x(m) M(kN.m)
0 0
1 1,44
2 2,52
3

4

3,24
3,6

4,5 3,645
5 3,6
6 3,24
7 2,52
8

9

1,44
0

- Axial force diagram :

17/05/2025 Software use conditions apply
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Figure 7 : Axial force diagram.

Active :

Table 2 : Axial force diagram.

Yes

x(m)

N(kN)

0

0

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

17/05/2025 Software use conditions apply
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Il -LTB CALCULATION

1.1 - LTB modes

Requested number of modes :

Blocked moment diagram :

Blocked axial force diagram :

Table 3 : LTB modes.

No

No

Mode Her Mmax’cr [kN.m] X(Mppax) [M] Nmax,cr [kN] X(Nax) [M]
1 5,338 19,46 4,5 0 4,5
II.2 - Mode shapes
- Mode 1
Table 4 : Mode 1.
Mode Her Mmax’cr [kN.m] X(Mppax) [M] Nmax,cr [kN] X(Nhax) [M]
1 5,338 19,46 4,5 0 4,5

Figure 8 : Mode shape in 3D (Mode 1).

17/05/2025

Software use conditions apply
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+
Figure 9 : Lateral displacement compopent of the shear centre (Mode 1).
+
Figure 10 : Rotation in lateral flexure component of the shear centre (Mode 1).
+
Figure 11 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).
+

Figure 12 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply
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WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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| - PARAMETERS

1.1 - General parameters

Projected total length :

Initial discretization of the beam :

1.2 - Material

Name :

Young modulus :

Shear modulus :

Poisson factor :

Density :

1.3 - Sections

Alignment of sections :

L=85m

Ng = 100 elements

Steel

E = 210000 MPa
G = 80769 MPa
v=0,3

o = 7850 kg/m3

Top

8,5
[ [
| r- 
I
4,478 4,022

Figure 1 : Profile in long with section numbers.

17/05/2025 Software use conditions apply
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- Section No. 1 : IPE 450

Abscissa from the left end of the beam :

Type :

x=0m

In catalogue (OTUA)

450

9,4

225

Figure 2 : Section No. 1 (IPE 450).

Main geometrical properties :

zg =0cm

Zg =225cm

ly =33743 cm?

1, =1675,9 cm?

I = 66,18 cm* (Villette)
Ly = 794246 cmb

Other geometrical properties :

A = 98,82 cm?
Ay = 55,48 cm?

We|,y,sup =1499,7 cm?3
VVEPLy,inf =1499,7 cm3
Wpl,y =1701,8 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

A, = 50,85 cm?
W,,  =176,41cm
Wi, = 276,38 cm3

17/05/2025 Software use conditions apply
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- Section No. 2 : IPE 450

Abscissa from the left end of the beam :

Type :

x=4,478 m

In catalogue (OTUA)

450

9,4

225

Figure 3 : Section No. 2 (IPE 450).

Main geometrical properties :

zg =0cm

Zg =225cm

ly =33743 cm?

1, =1675,9 cm?

I = 66,18 cm* (Villette)
Ly = 794246 cmb

Other geometrical properties :

A = 98,82 cm?
Ay = 55,48 cm?

We|,y,sup =1499,7 cm?3
VVEPLy,inf =1499,7 cm3
Wpl,y =1701,8 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

A, = 50,85 cm?
W,,  =176,41cm
Wi, = 276,38 cm3

17/05/2025 Software use conditions apply
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- Section No. 3 : IPE 450

Abscissa from the left end of the beam : Xx=8,5m

Type :

In catalogue (OTUA)

190
©
r—1 Sh
21
3 —slle— 9,4
<
©
I%p)
3 ﬂ
g =S
< B
s S
< Q
==t

Figure 4 : Section No. 3 (IPE 450).

Main geometrical properties :

zg =-0,1836 cm

Zg =43,05cm

ly = 152295 cm*

1, =2515,1 cm?

I = 104,59 cm? (Villette)
Ly =2,972E+6 cm®

Other geometrical properties :

A = 166,03 cm?

A\,’y = 83,22 cm? A, = 89,8 cm?
Weiysup = 35103 cm3

Wepyinf = 3537,2 cm? W,  =26475cm?
Wpl,y = 4165,7 cm3 Wi, = 418,75 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

17/05/2025 Software use conditions apply
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1.4 - Lateral restraints

8,5

L
I
2,8 2,8 | 2,9

- Restraint No. 1 :

Type :

v
0
Vl

el
- Restraint No. 2 :

Type :

v
0
el

- Restraint No. 3 :

Type :

Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

: Fixed
: Free
: Free
: Free

Abscissa from the left end of the beam :

Figure 5 : Profile in long with restraint numbers.

Ponctual
x=0m

z=0cm

: Fixed

Ponctual

X=2,8m

z=0cm

Ponctual

X=56m

17/05/2025 Software use conditions apply
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Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free

! : Free
o' : Free

- Restraint No. 4 :

Type :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

z=3,598 cm
Ponctual
Xx=85m
z=0cm

17/05/2025 Software use conditions apply
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1.5 - Supports

i

8,5

[
[~

Figure 6 : Profile in long with support numbers.

- Support No. 1 :

Abscissa from the left end of the beam : x=0m

Support conditions :

u : Fixed
w : Fixed
w' : Free

- Support No. 2 :

Abscissa from the left end of the beam : Xx=85m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply 7/13
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1.6 - Loads
Type of loading : Internal
- Moment diagram :
+ +
Figure 7 : Moment diagram.
Active : Yes
Table 1 : Moment diagram.
x(m) M(kN.m)
0 0
8,5 -361,14
- Axial force diagram :
-+ -+

Figure 8 : Axial force diagram.

17/05/2025 Software use conditions apply
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Active :

Table 2 : Axial force diagram.

Yes

x(m) N(kN)
0 0
8,5 0

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

17/05/2025 Software use conditions apply
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Il -LTB CALCULATION

Requested number of modes :

Blocked moment diagram :

Blocked axial force diagram :

The TAPER effect is taken into account

1.1 - LTB modes

Table 3 : LTB modes.

No

No

Mode Her Mmax’cr [kN.m] X(Mppax) [M] Nmax,cr [kN] X(Nax) [M]
1 6,702 -2420,4 8,5 0 8,5
II.2 - Mode shapes
- Mode 1
Table 4 : Mode 1.
Mode Her Mmax‘Cr [kN.m] X(Mp,ax) [M] Nmax’Cr [kN] X(Nax) [M]
1 6,702 -2420,4 8,5 0 8,5

Figure 9 : Mode shape in 3D (Mode 1).

17/05/2025 Software use conditions apply
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+
Figure 10 : Lateral displacement compopent of the shear centre (Mode 1).
+
Figure 11 : Rotation in lateral flexure component of the shear centre (Mode 1).
+
Figure 12 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).
+

Figure 13 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply 11713
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WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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| - PARAMETERS

1.1 - General parameters

Projected total length :

Initial discretization of the beam :

1.2 - Material

Name :

Young modulus :
Shear modulus :
Poisson factor :

Density :

1.3 - Sections

L=182m

Ng = 100 elements

Steel

E = 210000 MPa
G = 80769 MPa
v=0,3

o = 7850 kg/m3

Alignment of sections : Top
18,2
e 1  E— |
L/7 ‘\J
|
4 10,2 4
Figure 1 : Profile in long with section numbers.
17/05/2025 Software use conditions apply 1/15
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- Section No. 1 : IPE 360

Abscissa from the left end of the beam : x=0m

Type :

In catalogue (OTUA)

170
~
r—1 N
18
@ —lle— 8
135)
N~
~
m ﬂ
g| ¥ =i
<'> =
g 3
———

Figure 2 : Section No. 1 (IPE 360).

Main geometrical properties :

zg =-0,1477 cm

Zg =34,31cm

ly =71940 cm?

1, = 1565,8 cm?

I = 58,23 cm* (Villette)
|

=1,176E+6 cm®

A

Other geometrical properties :

A = 121,04 cm?

A\,’y = 64,77 cm? A, = 61,48 cm?
W, eup =2078,2 cm?

Weiyint = 2096,6 cm? Wy,  =184,21cm3
W, =2442cm? W,  =289,04cmd

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

17/05/2025 Software use conditions apply
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- Section No. 2 : IPE 360

Abscissa from the left end of the beam : X=4m

Type :

In catalogue (OTUA)

360
o

180

Main geometrical properties :

zg =0cm

Zg =18 cm

y = 16266 cm*
, =1043,5 cm?

—_—— —

Other geometrical properties :

A =72,73 cm?
A\,’y =43,18 cm?
W,y qp = 903,65 oms
W,y = 903,65 cm?
Wpl,y =1019,1 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

Figure 3 : Section No. 2 (IPE 360).

= 37,09 cm# (Villette)
= 314646 cmb

A, = 35,14 cm?
W,, =12276cm
Wi, =191,1 cm3

17/05/2025 Software use conditions apply
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- Section No. 3 : IPE 360

Abscissa from the left end of the beam : XxX=14,2m

Type :

In catalogue (OTUA)

360
o

180

Main geometrical properties :

zg =0cm

Zg =18 cm

y = 16266 cm*
, =1043,5 cm?

—_—— —

Other geometrical properties :

A =72,73 cm?
A\,’y =43,18 cm?
W,y qp = 903,65 oms
W,y = 903,65 cm?
Wpl,y =1019,1 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

Figure 4 : Section No. 3 (IPE 360).

= 37,09 cm# (Villette)
= 314646 cmb

A, = 35,14 cm?
W,, =12276cm
Wi, =191,1 cm3

17/05/2025 Software use conditions apply
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- Section No. 4 : IPE 360

Abscissa from the left end of the beam : Xx=18,2m

Type :

In catalogue (OTUA)

170
~
r—1 N
18
@ —lle— 8
135)
N~
~
m ﬂ
g| ¥ =i
<'> =
g 3
———

Figure 5 : Section No. 4 (IPE 360).

Main geometrical properties :

zg =-0,1477 cm

Zg =34,31cm

ly =71940 cm?

1, = 1565,8 cm?

I = 58,23 cm* (Villette)
|

=1,176E+6 cm®

A

Other geometrical properties :

A = 121,04 cm?

A\,’y = 64,77 cm? A, = 61,48 cm?
W, eup =2078,2 cm?

Weiyint = 2096,6 cm? Wy,  =184,21cm3
W, =2442cm? W,  =289,04cmd

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

17/05/2025 Software use conditions apply
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1.4 - Lateral restraints

18,2
| E—— I : * e ]
L/ ‘\J

|
6 6,2 6
1] 2 [3] 4 [5] 6 [7]

Figure 6 : Profile in long with restraint numbers.

- Restraint No. 1 :

Type : Ponctual
Abscissa from the left end of the beam : x=0m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

- Restraint No. 2 :

Type : Continuous
Coordinates of the left end :
Abscissa from the left end of the beam : X;=0m
Vertical position from the shear centre : z,=34,76 cm
Coordinates of the right end :
Abscissa from the left end of the beam : X, =6m
Vertical position from the shear centre : z,=18cm

Restraint conditions :
v : Fixed

17/05/2025 Software use conditions apply
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0 : Free
V' : Free

- Restraint No. 3 :

Type :
Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free
V' : Free
o' : Free

- Restraint No. 4 :

Type :

Coordinates of the left end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Coordinates of the right end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free
V' : Free

- Restraint No. 5 :

Type :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free
V' : Free
o' : Free

- Restraint No. 6 :

Type :

Ponctual
X=6m

z=8cm

Continuous

X,=122m

22=180m

Ponctual
Xx=12,2m

z=8cm

Continuous

17/05/2025 Software use conditions apply
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Coordinates of the left end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Coordinates of the right end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free
V' : Free

- Restraint No. 7 :

Type :
Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed

! : Free
o' : Free

X;=12,2m
z,=18cm

X, =18,2m
z,=34,76 cm
Ponctual
x=182m
z=0cm

17/05/2025 Software use conditions apply
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1.5 - Supports

| 1 | |
L_/ ‘\J
|
18,2
Figure 7 : Profile in long with support numbers.
- Support No. 1 :
Abscissa from the left end of the beam : x=0m
Support conditions :
u : Fixed
w : Fixed
w' : Free
- Support No. 2 :
Abscissa from the left end of the beam : Xx=18,2m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply
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1.6 - Loads
Type of loading : Internal
- Moment diagram :
+ +
Figure 8 : Moment diagram.
Active : Yes

Table 1 : Moment diagram.

x(m) M(kN.m)
0 -372
2 -207
4 -80
6 10
8 76
10 108
12 110
14 62
16 -24

18,2 -157

- Axial force diagram :

17/05/2025 Software use conditions apply
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Active :

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

Figure 9 : Axial force diagram.

No

Table 2 : Axial force diagram.

x(m) N(kN)
0 0
18,2 0

17/05/2025 Software use conditions apply
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Il -LTB CALCULATION

Requested number of modes :

Blocked moment diagram :

Blocked axial force diagram :

The TAPER effect is taken into account

1.1 - LTB modes

Table 3 : LTB modes.

No

No

Mode Mer Mmax,cr [kN.m] X(Mmax) [m] Nmax,cr (kN] X(Nmax) [m]
1 3,615 -1344,8 0 0 0
II.2 - Mode shapes
- Mode 1
Table 4 : Mode 1.
Mode Her Mmax‘Cr [kN.m] X(Mp,ax) [M] Nmax’Cr [kN] X(Nax) [M]
1 3,615 -1344.8 0 0 0

Figure 10 : Mode shape in 3D (Mode 1).

17/05/2025 Software use conditions apply
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Figure 11 : Lateral displacement compopent of the shear centre (Mode 1).

N

Figure 12 : Rotation in lateral flexure component of the shear centre (Mode 1).

Figure 13 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).

Figure 14 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply 13/15




LTBeamN

v1.0.3
TABLE OF CONTENTS

| - PARAMETERS p-1
1.1 - General parameters p.1
1.2 - Material p.1
1.3 - Sections p.1
- Section No. 1 : IPE 360 p.2
- Section No. 2 : IPE 360 p.3
- Section No. 3 : IPE 360 p.4
- Section No. 4 : IPE 360 p.5
1.4 - Lateral restraints p.6
- Restraint No. 1 : p.6
- Restraint No. 2 : p.6
- Restraint No. 3 : p.7
- Restraint No. 4 : p.7
- Restraint No. 5 : p.7
- Restraint No. 6 : p.7
- Restraint No. 7 : p.8
1.5 - Supports p.9
- Support No. 1 : p.9
- Support No. 2 : p.9
1.6 - Loads p-10
- Moment diagram : p.10
- Axial force diagram : p.10
- Eccentric concentrated loads : p.11
- Eccentric distributed loads : p.11

Il -LTB CALCULATION p.12
1.1 - LTB modes p.12
1.2 - Mode shapes p.12
- Mode 1 p.12

17/05/2025




LTBeamN -~
v1.0.3 Ct I |

WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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| - PARAMETERS

1.1 - General parameters

1.2 - Material

Projected total length : L=8,5m
Initial discretization of the beam : Ng = 100 elements
Name : Steel

Young modulus :

Shear modulus :

Poisson factor :

Density :

1.3 - Sections

E = 210000 MPa
G = 80769 MPa
V= 0,3

o = 7850 kg/m3

Alignment of sections : Top
8,5
|
4,478 4,022

Figure 1 : Profile in long with section numbers.

17/05/2025
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- Section No. 1 : HEA 160
Abscissa from the left end of the beam : x=0m
Type : In catalogue (OTUA)

160
) il
- =)
15
B 6 E
E
 _ —
Figure 2 : Section No. 1 (HEA 160).
Main geometrical properties :
zg =0cm
Zg =7,6cm
ly =1673 cm*
1, =615,57 cm?
Iy = 11,83 cm? (Villette)
Ly = 31470 cm®
Other geometrical properties :
A = 38,77 cm?
A\,y = 28,8 cm? A,, =13,21 cm?
Wel’y‘sup = 220,13 cm3
Wel’y’inf = 220,13 cm3 Wel,z =76,95 cm3
W, y = 245,15 cm3 Wi, =117,63 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous
17/05/2025 Software use conditions apply 2/13
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- Section No. 2 : HEA 160
Abscissa from the left end of the beam : X =4,478 m
Type : In catalogue (OTUA)

160
) il
- =)
15
B 6 E
E
 _ —
Figure 3 : Section No. 2 (HEA 160).
Main geometrical properties :
zg =0cm
Zg =7,6cm
ly =1673 cm*
1, =615,57 cm?
Iy = 11,83 cm? (Villette)
Ly = 31470 cm®
Other geometrical properties :
A = 38,77 cm?
A\,y = 28,8 cm? A,, =13,21 cm?
Wel’y‘sup = 220,13 cm3
Wel’y’inf = 220,13 cm3 Wel,z =76,95 cm3
W, y = 245,15 cm3 Wi, =117,63 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous
17/05/2025 Software use conditions apply 3/13
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- Section No. 3 : HEA 160
Abscissa from the left end of the beam : Xx=8,5m
Type : In catalogue (OTUA)

160
) il
- =)
15
B 6 E
E
 _ —
Figure 4 : Section No. 3 (HEA 160).
Main geometrical properties :
zg =0cm
Zg =7,6cm
ly =1673 cm*
1, =615,57 cm?
Iy = 11,83 cm? (Villette)
Ly = 31470 cm®
Other geometrical properties :
A = 38,77 cm?
A\,y = 28,8 cm? A,, =13,21 cm?
Wel’y‘sup = 220,13 cm3
Wel’y’inf = 220,13 cm3 Wel,z =76,95 cm3
W, y = 245,15 cm3 Wi, =117,63 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous
17/05/2025 Software use conditions apply 4/13
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1.4 - Lateral restraints

8,5

|
{ 2,8 2,8 2,9 f

Figure 5 : Profile in long with restraint numbers.

- Restraint No. 1 :

Type : Ponctual
Abscissa from the left end of the beam : x=0m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

- Restraint No. 2 :

Type : Ponctual
Abscissa from the left end of the beam : X=2,8m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Free
V' : Free
o' : Free

- Restraint No. 3 :

Type : Ponctual

Abscissa from the left end of the beam : X=56m

17/05/2025 Software use conditions apply 5/13
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Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free

! : Free
o' : Free

- Restraint No. 4 :

Type :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

z=0cm
Ponctual
Xx=85m
z=0cm

17/05/2025 Software use conditions apply
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1.5 - Supports

Figure 6 : Profile in long with support numbers.

- Support No. 1 :

Abscissa from the left end of the beam : x=0m

Support conditions :

u : Fixed
w : Fixed
w' : Free

- Support No. 2 :

Abscissa from the left end of the beam : Xx=85m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply 7/13
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1.6 - Loads

Type of loading : Internal

- Moment diagram :

Figure 7 : Moment diagram.

Active : Yes

Table 1 : Moment diagram.

x(m) M(kN.m)
0 0
1 6,64
2 11,5
3 13,6
4 14
5 10,47
6 6
7 -2,35
8 -12,06
8,5 -17,74

- Axial force diagram :

17/05/2025 Software use conditions apply 8/13
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Figure 8 : Axial force diagram.

Active :

Table 2 : Axial force diagram.

x(m) N(kN)
0 0
8,5 0

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

17/05/2025 Software use conditions apply
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X(Npmax) [M]

8,5

[kN]

,Cr

Nmax

X(Mpax) [M]

8,5

Table 3 : LTB modes.

Mmax,cr [kN.m]

-177,86

Her
10,03

LTBeamN

Requested number of modes :
Blocked axial force diagram :

Blocked moment diagram :

v 1.0.3
1.1 - LTB modes
Mode

Il -LTB CALCULATION

II.2 - Mode shapes

- Mode 1

Table 4 : Mode 1.

X(Nmax) [M]

8,5

Nmax,cr [kN]

X(Mpmax) [M]

8,5

|v'max,cr [kN.m]

-177,86

Her
10,03

Mode

Figure 9 : Mode shape in 3D (Mode 1).

10/13
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+
Figure 10 : Lateral displacement compopent of the shear centre (Mode 1).
+
Figure 11 : Rotation in lateral flexure component of the shear centre (Mode 1).
+
Figure 12 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).
+

Figure 13 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply 11713
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WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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| - PARAMETERS

1.1 - General parameters

Projected total length : L=6,05m

Initial discretization of the beam : Ny = 100 elements

1.2 - Material

Name : Steel

Young modulus : E = 210000 MPa
Shear modulus : G = 80769 MPa
Poisson factor : v=0,3

Density : p = 7850 kg/m?3

1.3 - Sections

Alignment of sections : Top
[ |
[ |
|
6,05
[1]

Figure 1 : Profile in long with section numbers.
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- Section No. 1 : IPE 200

Abscissa from the left end of the beam : x=0m

Type :

In catalogue (OTUA)

200

5,6

100

Figure 2 : Section No. 1 (IPE 200).

Main geometrical properties :

zg =0cm

Zg =10 cm

Iy =1943,2 cm?

1, =142,37 cm*

I = 6,884 cm* (Villette)
Ly =13052 cm®

Other geometrical properties :

A = 28,48 cm?

Ay =17 cm? A, =14 cm?
W, o0 = 194,32 cm?

Wyt = 194,32 cm? W,,  =2847cmd
Wpl,y = 220,64 cm?3 Wi, = 44,61 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

17/05/2025
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- Section No. 2 : IPE 200

Abscissa from the left end of the beam :

Type :

x=6,06m

In catalogue (OTUA)

200

5,6

100

Main geometrical properties :

zg =0cm

Zg =10 cm

y =1943,2 cm?
, =142,37 cm*

—_—— —

= 13052 cm®

Other geometrical properties :

A = 28,48 cm?
Ay =17 cm?

W, eup = 194,32 cm3
W e = 194,32 cm3
Wpl,y = 220,64 cm?3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous

Figure 3 : Section No. 2 (IPE 200).

= 6,884 cm? (Villette)

A,, =14 cm?
W, = 28,47 cm3
Wi, = 44,61 cm3

17/05/2025
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1.4 - Lateral restraints

6,05

%I

6,05

w| —@ L

1]

Figure 4 : Profile in long with restraint numbers.

- Restraint No. 1 :

Type :
Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

- Restraint No. 2 :

Type :

Coordinates of the left end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Coordinates of the right end :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :
v : Fixed

Ponctual
x=0m

z=0cm

Continuous

X, = 6,05 m

22=100m

17/05/2025 Software use conditions apply
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0 : Free
V' : Free

- Restraint No. 3 :

Type : Ponctual
Abscissa from the left end of the beam : X =6,05m
Vertical position from the shear centre : z=0cm

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

17/05/2025 Software use conditions apply 5/12
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1.5 - Supports

|
6,05

[=]
H;}.__

Figure 5 : Profile in long with support numbers.

- Support No. 1 :

Abscissa from the left end of the beam : x=0m

Support conditions :

u : Fixed
w : Fixed
w' : Free

- Support No. 2 :

Abscissa from the left end of the beam : X =6,05m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply 6/12
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1.6 - Loads
Type of loading : Internal

- Moment diagram :

Figure 6 : Moment diagram.

Active : Yes

Table 1 : Moment diagram.

x(m) M(kN.m)
0 -17,18
1 -7,18
2 -0,66
3 2,3
4

5

2,06
-1,48
6,05 -9

- Axial force diagram :

17/05/2025 Software use conditions apply
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Figure 7 : Axial force diagram.

Active : Yes

Table 2 : Axial force diagram.

x(m) N(kN)
0 0
6,05 0

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

17/05/2025 Software use conditions apply 8/12
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Il -LTB CALCULATION

1.1 - LTB modes

Requested number of modes :

Blocked moment diagram :

Blocked axial force diagram :

Table 3 : LTB modes.

No

No

Mode Her Mnax.cr [KN-m] Nax.cr [KNI]
1 8,079 -138,8 0
II.2 - Mode shapes
- Mode 1
Table 4 : Mode 1.
Mode Her Mimaxcr [KN-m] Nax.cr [KNI]
1 8,079 -138,8 0

Figure 8 : Mode shape in 3D (Mode 1).

17/05/2025
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+
Figure 9 : Lateral displacement compopent of the shear centre (Mode 1).
+
Figure 10 : Rotation in lateral flexure component of the shear centre (Mode 1).
+
Figure 11 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).
+

Figure 12 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply 10/12
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WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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| - PARAMETERS

1.1 - General parameters

Projected total length : L=9215m

Initial discretization of the beam : Ny = 100 elements

1.2 - Material

Name : Steel

Young modulus : E = 210000 MPa
Shear modulus : G = 80769 MPa
Poisson factor : v=0,3

Density : p = 7850 kg/m?3

1.3 - Sections

Alignment of sections : Top

T i

Figure 1 : Profile in long with section numbers.
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- Section No. 1 : HEA 200

Abscissa from the left end of the beam : x=0m
Type : In catalogue (OTUA)
200
[ ] %
—
18
S 6,5 —
&
—

Figure 2 : Section No. 1 (HEA 200).

Main geometrical properties :

zg =0cm

Zg =9,5¢cm

Iy =3692,2 cm?

1, =1335,5 cm?

|t = 20,28 cm# (Villette)
Ly =108176 cmb

Other geometrical properties :

A = 53,83 cm?

Ay =40 cm? A, = 18,08 cm?
Weiysup = 388,65 cm3

Vvel,y,inf = 388,65 cm3 Wel,z = 133,55 cm3
Wpl,y = 429,48 cm?3 Wi, = 203,82 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous
17/05/2025 Software use conditions apply 2/12
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- Section No. 2 : HEA 200

Abscissa from the left end of the beam : Xx=9,215m
Type : In catalogue (OTUA)
200
[ ] %
—
18
S 6,5 —
&
—

Figure 3 : Section No. 2 (HEA 200).

Main geometrical properties :

zg =0cm

Zg =9,5¢cm

Iy =3692,2 cm?

1, =1335,5 cm?

|t = 20,28 cm# (Villette)
Ly =108176 cmb

Other geometrical properties :

A = 53,83 cm?

Ay =40 cm? A, = 18,08 cm?
Weiysup = 388,65 cm3

Vvel,y,inf = 388,65 cm3 Wel,z = 133,55 cm3
Wpl,y = 429,48 cm?3 Wi, = 203,82 cm3

Stiffness relaxations :

0 : Continuous
V' : Continuous
o' : Continuous
w' : Continuous
17/05/2025 Software use conditions apply 3/12
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1.4 - Lateral restraints

9,215

t
1
3,041

3,133 3,041

Figure 4 : Profile in long with restraint numbers.

- Restraint No. 1 :

Type :
Abscissa from the left end of the beam :
Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

- Restraint No. 2 :

Type :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free
V' : Free
o' : Free

- Restraint No. 3 :

Type :

Abscissa from the left end of the beam :

Ponctual

x=0m

z=0cm

Ponctual

X =3,041 m

z=0cm

Ponctual

X =6,174 m

17/05/2025 Software use conditions apply
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Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Free

! : Free
o' : Free

- Restraint No. 4 :

Type :

Abscissa from the left end of the beam :

Vertical position from the shear centre :

Restraint conditions :

v : Fixed
0 : Fixed
V' : Free
o' : Free

z=0cm
Ponctual
X=9215m
z=0cm

17/05/2025 Software use conditions apply
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1.5 - Supports

[
1
9,215

Figure 5 : Profile in long with support numbers.

- Support No. 1 :

Abscissa from the left end of the beam : x=0m

Support conditions :

u : Fixed
w : Fixed
w' : Free

- Support No. 2 :

Abscissa from the left end of the beam : X=9215m

Support conditions :

u : Free
w : Fixed
w' : Free

17/05/2025 Software use conditions apply 6/12
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1.6 - Loads

Type of loading : Internal

- Moment diagram :

Figure 6 : Moment diagram.

Active : Yes

Table 1 : Moment diagram.

x(m) M(kN.m)
0 0
1 20,3
2 35,71
3 46,01
4 51
5 51
6 47
7 37
8,2 20,45
8,7 10,86

9,215 0

- Axial force diagram :

17/05/2025 Software use conditions apply 7112
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Figure 7 : Axial force diagram.

Active : Yes

Table 2 : Axial force diagram.

x(m) N(kN)
0 0
9,215 0

- Eccentric concentrated loads :

No load has been defined.

- Eccentric distributed loads :

No load has been defined.

17/05/2025 Software use conditions apply 8/12
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Il -LTB CALCULATION

Requested number of modes :

Blocked moment diagram :

Blocked axial force diagram :

1.1 - LTB modes

Table 3 : LTB modes.

No

No

Mode Her Mmax’cr [kN.m] X(Mppax) [M] Nmax,cr [kN] X(Nax) [M]
1 6,746 344,06 4,055 0 4,055
II.2 - Mode shapes
- Mode 1
Table 4 : Mode 1.
Mode Her Mmax’cr [kN.m] X(Mppax) [M] Nmax,cr [kN] X(Nhax) [M]
1 6,746 344,06 4,055 0 4,055

Figure 8 : Mode shape in 3D (Mode 1).

17/05/2025
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+
Figure 9 : Lateral displacement compopent of the shear centre (Mode 1).
+
Figure 10 : Rotation in lateral flexure component of the shear centre (Mode 1).
+
Figure 11 : Longitudinal rotation (torsion) component of the shear centre (Mode 1).
+

Figure 12 : Warping compopent of the shear centre (Mode 1).

17/05/2025 Software use conditions apply 10/12




LTBeamN

v1.0.3
TABLE OF CONTENTS
| - PARAMETERS p.1
1.1 - General parameters p.1
1.2 - Material p.1
1.3 - Sections p.1
- Section No. 1 : HEA 200 p.2
- Section No. 2 : HEA 200 p.3
1.4 - Lateral restraints p.4
- Restraint No. 1 : p.4
- Restraint No. 2 : p.4
- Restraint No. 3 : p.4
- Restraint No. 4 : p.5
1.5 - Supports p.6
- Support No. 1 : p.6
- Support No. 2 : p.6
1.6 - Loads p-7
- Moment diagram : p.7
- Axial force diagram : p.7
- Eccentric concentrated loads : p.8
- Eccentric distributed loads : p.8
Il -LTB CALCULATION p.9
1.1 - LTB modes p.9
1.2 - Mode shapes p.9
- Mode 1 p.9

17/05/2025




LTBeamN -~
v1.0.3 Ct I |

WARNING !
The following software may be used for working out technical solutions during preparatory engineering studies.

Because of the complexity of the calculations involved, the software is only for users who are able to make themselve an accurate
idea of its possibilities, its limitations and adequacy to the various practical applications. The user will use it under his own
responsibilities at his own risk.

This software is available free of charge. No rights are conferred on the user of the present software. The property and all intellectual
rights of the latter continue belonging exclusively to CTICM. The use of this software involves no guarantee for the profit of the user
who is committed to keep CTICM released and unharmed from any direct or indirect recourse and damage resulting from an
incorrect or improper use or from a use for inadequate or inappropriate ends.
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C-FIX 1.129.0.0 -
T Verze databaze
iIscner
1 Datum
FiXperience 17.05.2025
fischer international s.r.o.
Prumyslova 1833
25001 Brandys nad Labem
Telefon: +42 03 26 90 46 01
Fax: +42 03 26 90 46 00
adam.vesely@fischer-cz.cz
www.fischer-cz.cz
Detaily navrhu
Kotva
Systém fischer Injektazni systém FIS V Plus P bl vox
Injektazni malta FIS V Plus 360 S 5 2 ili B 3

Upeviiovaci element Zavitova ty& FIS AM 24 x 450 8.8, “ . : "’i 20 3i ad
Ocel galvanicky zinkovana, pevnostni tfida 8.8
Kotevni hloubka 96,00 mm p— “5

Design data Navrh kotev dle Beton Evropsky technicky posudek c €
ETA-20/0603, Option 1,
Datum vydani 13.11.2020

Geometrie / Zatizeni
mm, kN, kNm

Hodnoty navrhového zatizeni (véetné soucinitele bezpecnosti pro zatizeni)

N

Neodpovida méritku

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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|
1 Verze databéaze
= fischer ==

1 Datum

FiXperience 17.05.2025
Vstupni data

Navrhova metoda ETAG 001, TR 029, Pfiloha C, Metoda A

Kotevni podklad C30/37, EN 206

Vlastnosti betonu Tazeny beton, Suchy otvor

Teplotni rozmezi 24 °C dlouhodoba teplota, 40 °C Kratkodoba teplota
Vyztuz Z&dné nebo b&Zné armovani.. Bez vyztuze. S vyztuZi proti

rozstépeni

Metoda vrtani Pfiklepové vrtani

Typ montaze Pravle¢na montaz

Prstencova mezera Prstencova mezera vyplnéna

Druh zatizeni Statickeé

Distance S nenosnou vrstvou, g = 40 mm

Rameno sily | = 62 mm

Mira vetknuti ay = 1,0

Pevnost malty v tlaku: 30,0 N/mm?
Tvar kotevni desky 390 mm x 650 mm x 20 mm
Typ profilu IPE 450

Navrhova zatizeni *’

# Nsd Vsd,x Vsdy Msd,x Msq,y Mrsd Druh zatizeni
kN kN kN kNm kNm kNm
1 0,00 17,03 36,13 0,00 0,00 0,00 Statické

*) Pozadovany souginitel bezpe&nosti pro zatizeni je vzat do Gvahy

Vysledné sily kotev

Tahova sila Smykova sila Smykova sila x Smykova silay

Kotva €. kN kN kN kN ) .

1 0,00 9,99 4,26 9,03

2 0,00 9,99 4,26 9,03 ,

&) 0,00 9,99 4,26 9,03

4 0,00 9,99 4,26 9,03 L x

3 4

Max. stlaceni betonu : %o
Max. tlakové napéti v betonu : N/mm?
Vysledné tahové sily : kN, Poloha X/Y (/)
Vysledné tlakové sily : kN, Poloha X/Y (/)

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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Verze databaze
2025.4.17.7.25
1 Datum
17.05.2025

T
<>
N4

FiXperience

fischer

Unosnost ve smyku

Dukaz Zatizeni Unosnost Vyuziti Bv
kN kN %
Selhani ocele s ramenem sily * 10 11,6 86,4
Selhani betonu na opaéné strané zatizeni 10 53,1 18,8
Selhani okraje betonu 37,1 77,7 47,8

* Nejnepfiznivéjsi kotva

Selhani ocele s ramenem sily

Vsa < (Vras )

VRk,s = aTM My -

(1—]\][\[]:'1’) = <O’Oé2m'896,0Nm'(1

- 12;2%)) - (1000%)

VRk,s YMs VRd,s Vsd Bvs
kN kN kN %
14,5 1,25 11,6 10 86,4
BVS
Kotva ¢. % Skupina N° Rozhodujici
Beta
1 86,4 1 Bvs;1
2 86,4 2 Bvs;2
3 86,4 3 Bvs:3
4 86,4 4 Bvsi4

Selhani betonu na opacéné strané zatizeni

VRk,cp
YMep

Vsa <

(Vrdep)

Vike = k- Npep= 2-39,81kN = 79,62kN

A
NRI.’.p = N](%};_p : AL)N : \Ils.Np : \Ilg.Np : \I’(’(’,.Np : \Ilrc.Np
p,N
82944mm?
Ngip, = 39,81kN- — - 1, -1, -1, -1, = 39,81kN
Rk, 39,8 320042 ,000 - 1,000 - 1,000 - 1,000 39,8
Niy, = m-d-hep- e = - 24mm - 96mm - 5,5N/mm? = 39,81kN

Ser,Np = min(20-d-(

7.5

TRk.ucr)O‘s. 3.h f)
) e

= 14,45k N Rovnice (5.2;

Rovnice (5.7)

Rovnice (5.2)

Rovnice
(5.2a)

Rovnice
(5.2c)

Rovnice
(5.2d)

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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.129.0. -
& Verze databaze
N 2025.4.17.7.25

1 Datum
FiXperience 17.05.2025
— — 4 . 325mm) — Rovnice
YNy = mm(l 0,74+ 0,3 - o Ap) = mm(l, O,7+O,3-144mm = 1,000 < 1 (5.20)
\IJg.,Np _ maw(l, ng i (\Ilg.Np_ 1)) Rovnice (5.2f)
Ser,Np '
Yonp = max(l, 1,000 — 4/ 1 ,000 — 1 ) = 1,000 > 1
288
d- TRk 1,5 ;
\110 — max( < 1) ( ) Rovnice
9,Np k- \/m (5.29)
24 5,5N 1
v = max( 1—(ﬁ—1) ( mm - 5,5 /mm” ) ) - 1,000 > 1
’ 2,3+ \/96mm - 37,0N/mm?
1 .
\Ilec.Np = 1_{_&11_ = \I/e(:.Npa"\I,ec.pr = 1,000 1,000 = 1,000 <1 Ro(\én;;]e)
Ser,Np
Ve np = 1,000 Rovnice (5.2i)
VRk,cp YMcp VRd,cp Vsd BV,cp
kN kN kN %
79,6 1,50 53,1 10 18,8
BV,cp
Kotva ¢. % Skupina N° Rozhodujici
Beta
1 18,8 1 Bv,cp;1
2 18,8 2 Bv,cp;2
3 18,8 3 Bv,cp;3
4 18,8 4 Bv.cp:4
Selhani okraje betonu
Vitke
Voa < (VRdc)
YMe
A, Acy .
Vike = Vige: 10 Wy Uy Yoy Yeev: Yeey Rovnice (5.8)
e,V
585000
Vithe = 94,43kN - ﬂ 0,980 - 1,000 - 1,023 - 1,000 - 1,000 = 116,50kN
475313mm
Vlgk,a = ky-d*- h"’ V fek.cube * Cl Rovnice
(5.8a)
0,054 0,059 15
Ve = 1,7- (24mm) . (96mm) -\/37,0N/mm? - (325mm) = 94,43kN
heg 96mm (d)w ( 24mm )0'2 Rovnice
= -/ — = 0,1 = 0,054 = 0,1-\— = 0,1- = 0,059 )
a =01 V¢ oV 325mm ’ b ’ ¢l 325mm (5.80/c)
C 455mm
U,y = 0,740,3- = A < Rovni
sV + 150, 0,7+ 0,3 1.5 325mm 0,980 < 1 0(5'_‘83

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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& Verze databaze
N 2025.4.17.7.25
1 Datum
17.05.2025

fischer

FiXperience

1,50 ;1,5325mm ovnice (5.
\I/h‘v = ma:c(l; h 1) = max(l, W) = 1,000 Z 1 R ©80

1 1 Rovnice
Vv = = = 1,023 > 1 (5.89)

(cos av)” + (dizev)® (cos 13,3)" + (2in133)?

2,5

1

1

\Ij('r'.V = 2e. — 5 Omm. 1,000 <1 Rovnice
+sa 145 55m (e.ah)
¥,y = 1,000
VRk,c YMc VRd,c Vsd Bv,c
kN kN kN %
116,5 1,50 77,7 37,1 47,8
BV,c
Kotva ¢. % Skupina N° Rozhodujici
Beta
1,2 47,8 Bv,c;1
3,4 42,7 2 Bve:2
Unosnost kombinace tahu a smyku.
By = Bvs1 = 0,86 < 1 @ Zkouska Uspésna (5.9b)
Informace o kotevni desce
Podrobnosti kotevni desky
Tloustka kotevni desky specifikovana uzitelem bez zkousky t= 20 mm
Typ profilu IPE 450

Technické poznamky

Pokud je zadana okrajova vzdalenost nizsi nez charakteristicka (ccr,N - navrhova metoda A), méla by byt pfitomna
podélna vyztuz o priméru min. 6mm soubézna s okrajem betonové konstrukce a to po celé hloubce kotveni.
Vypocet byl proveden s predpokladem, ze je v kotevnim podkladu podélna vyztuz u€inné branici jeho rozstépeni. V
tomto pripadé Ize vypustit posouzeni selhani rozstépenim.

PFfenos zatiZzeni prostfednictvim kotev do betonové konstrukce by mél byt zohlednén pfi posuzovani konstrukce na mezni
stav unosnosti a mezni stav pouzitelnosti; posouzeni by mélo byt provedeno s ohledem na zatizeni pfedstavované kotvami.
Pro ovéfeni je nutné vzit do Uvahy bezpecnostni standardy v souladu s platnymi normami.

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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C-FIX 1.129.0.0
Verze databaze
2025.4.17.7.25
Datum
17.05.2025

fischer

Informace k montazi

Kotva
Systém

Injektazni malta

Upeviiovaci element

Prislusenstvi

Detaily montaze
Primér zavitu

Primér vyvrtaného otvoru
Hloubka vyvrtaného otvoru
Kotevni hloubka

Kotevni hloubka

Metoda vrtani

Cisténi vyvrtaného otvoru

Typ montéze

Prstencova mezera
Maximalni kroutici moment
Velikost klice

Tloustka kotevni desky
Tloustka podliti

t fix

Tfix,max

Objem chemické malty na
jednu kotvu

fischer Injektazni systém FIS V
Plus

FIS V Plus 360 S (kartuSe dalSich
rozmeéru jsou k dispozici)

Zavitova ty¢ FISAM 24 x 450 8.8,
Ocel galvanicky zinkovana,
pevnostni tfida 8.8

FIS MR Plus

FIS prodluzovaci hadi¢ka 9 mm
FIS DM S Pro

Nastroj pro cisténi stlatenym
vzduchem

Stlaceny vzduch (p >= 6 bar)
Cistici kartagek BS 30

Stopka SDS s vnitfnim zavitem M8
Quattric 11 28/200/250

nebo také

FHD Max 28/600/820
Pfiklepové vrtani s nebo bez
odsavani

M 24

do =28 mm

ha = 156 mm

hef = 96,00 mm

hnom = 96 mm

PFiklepové vrtani

4 x vyfouknout,

4 x vycistit kartaCkem,

4 x vyfouknout

PFi pouziti dutého vrtaku s
odsavanim (napf. fischer FHD) se
nevyzaduje ¢isténi vyvrtaného
otvoru.

Privle¢na montaz

Prstencova mezera vyplnéna
Tinstmax = 150,0 Nm

36 mm

t=20 mm

g<40 mm

tix < 60 mm

46 ml/23 Stupnice jednotek

Kat. ¢
Kat. €. 558867 s iﬁ

Kat. €. 545853
Kat. ¢. 48983
Kat. €. 563337
Kat. ¢. 93286

Na stavbé
Kat. ¢. 90063
Kat. ¢. 530332
Kat. ¢. 549966

¢ O¢

Kat. €. 546605

Tinst,max

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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-
1 Verze databéaze "(@
2025.4.17.7.25 fISCher -

1 Datum
FiXperience 17.05.2025
Podrobnosti kotevni desky R .
O © 2
Material kotevni desky Nedostupné
Tloustka kotevni desky t=20 mm
Pramér otvoru v kotevni d=30 mm 0
desce N
Pfipevhovana soucast o
n
Typ profilu IPE 450 ©
n
N
Souradnice kotvy
X y s O3 D 4
Kotva €. mm mm n
1 -145 275
2 145 275 50 145 145 50
3 -145 275
4 145 -275 390

Vstupni hodnoty a vysledky navrhu je nutné podrobit kontrole souladu s narodnimi normami a certifikaty.
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