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1. Uvod
Predmetom statického vypodtu je navrh a posudenie ocelovej konStrukcie podopierajlcej
kladkostroje sluZiace pre demontdZz podvozkov elektri€iek. V su€asnosti sa pouZivaju dve
drazky nad kanalmi 3 a 4. Zamerom objednavatela je upravit ocefovu konstrukciu tak, aby
bola len nad jednym kanalom. Tento vypocCet sa zaoberd navrhom a posudenim takto

zmenenej ocelovej konstrukcie.

1.1.Popis konStrukcie

Sacasny stav: ide o ocefovu ramovu konstrukciu zaloZzenu na beténovych patkach. Nosna
konstrukcia podvesenych drazok pre elektrické lanové kladkostroje pozostava zo zvaranych
valcovanych profilov U200, U160, 1260 a 1320. Podla pévodnej dokumentacie su valcované
profily z materialu 11373 (podfa EN 10027-1 S235JRG1). UloZenie stipov je votknutim do
patiek pddorysnych rozmerov 1,2 x 1,2m, vy3ky 1,0m z materialu B170 (EC2 C12/15). Nosha
priecla vytvorena z dvojice profilov 2xU200 (krajna) resp. z dvojice | profilov 2x1320 (stredné)
je osadena na stipoch tvorenych dvoma profiimi 2xU160, ktoré st votknuté do pétiek.
Podlaha haly je z beténu hribky 150mm. Kladkostroj pohyblivy na pozdiznom profile 1260 je
nosnosti 2000kg a ma hmotnost 360kg.

Navrhovany stav: ocefova konstrukcia bude len nad jednym kanalom, vybuduji sa nové
zakladové patky, do nich budd na platne (chemicky kotvené do beténu) osadené nosné stipy,

budd podopreté priecle a nasledne demontovana &ast ocelovej konstrukcie nad jednym

kanalom.
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Obr. 1.1 P6dorysna schéma — jestvujici stav
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Obr. 1.2 Pédorysna schéma — navrhovany stav

1.2.Spbsob statického vypo ¢tu
Staticky vypocet bol vypracovany na zaklade platnych Eurdpskych noriem a narodnych

priloh. Vypocet vnatornych sil vychadza z tedrie linearnej pruznosti.

Pre ziskanie sil od vonkajSich zataZzeni na jednotlivé prvky bol zvoleny priestorovy model,
ktory zohladriuje spolupbsobenie prvkov vo vSetkych smeroch. Vypocet bol realizovany
pomocou programu Strap 2022, vysledky boli spracované pomocou grafického

a tabulkového postprocesora.

1.3.Pouzité normy a predpisy
STN EN 1990 Zasady navrhovania konstrukcii
STN EN 1991-1-1 Objemova tiaz, vlastna tiaz a Uzitkové zataZenia budov
STN EN 1991-1-4 ZataZenie vetrom
STN EN 1991-1-5 ZataZenie ucinkami teploty
STN EN 1991-1-6 ZatazZenia pocas vystavby
STN EN 1991-1-7 Mimoriadne zatazenia
STN EN 1991-2 ZataZenie mostov dopravou
STN EN 1992-1-1 Navrhovanie beténovych konstrukcii. Cast 1-1: VSeobecné pravidla
a pravidla pre budovy
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STN EN 1993-1-1 Navrhovanie ocelovych konstrukcii. Cast 1-1: V3eobecné pravidla
a pravidla pre budovy

STN EN 1993-2 Navrhovanie ocelovych konstrukcii. Cast 2: Ocelové mosty

STN EN 1997-1 Navrhovanie geotechnickych konstrukcii. Cast 1: V3eobecné pravidla

STN EN 1997-2 Navrhovanie geotechnickych konstrukcii. Cast 2: Prieskum a sku3anie
horninového prostredia

STN 73 1001 Klasifikacie zemin a skalnych hornin
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2. Stavebné materialy

2.1.Beton
Trieda beténu konsStrukcie zakladov:
C30/37, f«=30MPa; f.¢=17,0MPa; fam=2,9MPa; E.n=33GPa

2.2.Konstruk éna ocel

Trieda ocele prvkov:
S235, f«=235MPa; Es=210GPa

2.3.Betonarska vystuz
Betonarska vystuz - bola pouZzitd vystuz B500B, s charakteristickou medzou klzu
fu=500MPa; fy¢=426MPa (ULS).

3. Zat'azenie

ZataZenie konstrukcie bolo uvazené v zmysle platnych noriem STN EN.

3.1.Zat'azenie — vlastna tiaz Go, tiaz vybavenia Gi
Vlastna tiaz beténovych konstrukcii je uvazovana s objemovou tiazou beténu: 25,0 kN/m3,
Ocelové konstrukcie boli uvaZzované s tiazou 78,5 kN/m3.

TiaZz kladky bola uvaZzovana hodnotou G1x=0,36kN.

3.2.Zat’azenie — Dvihané bremeno
Bremeno bolo uvaZzované hodnotou 2000kg (nosnost kladky), vo vypoc&toch bolo uvazované
aj z horizontalnymi silami o hodnote 10% z hmotnosti bremena. Dynamicky sucinitel pre

kladku bol uvaZzovany hodnotou ¢=1,2.

4. Kombinécie za tazeni
Kombinécie zataZeni boli definované v zmysle normy [1], priloha A2.

4.1.Navrhové kombinacie za tazeni ULS
Pre medzné stavy uUnosnosti (ULS) tykajuce sa mechanickej odolnosti z hladiska

jednorazového porusenia su definované nasledovné parcialne sucinitele spolahlivosti y:
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Navrhova hodnota uginku zatazenia:
Stale zatazenia G: yssup = 1,35; ye,nt = 1,00
Nahodilé zataZenia Q: yo = 1,50

Navrhova hodnota U €inku za t'azenia:
Ed = ve(Egok + Egix) + ZVo.Woi. Eqki
kde:

Eqok je ucinok viastnej tiaze (napr. ohybovy moment, Smykova sila)

Egix - UCinok tiaZe ostatného stéleho zatazenia

Eqki — UCinok nahodilého zataZenia

4.2.Kombinacie za t'azeni pre SLS

Pre medzné stavy pouzivatelnosti (SLS) definujeme nasledovné kombinacie zatazeni:
Charakteristické hodnota U _€inku za tazenia:
Ex = Egok + Egik + ZWoi. Eqk,i

kde:
Egok je ucinok viastnej tiaze (napr. ohybovy moment, Smykova sila)
Eqik - GCinok tiaZze ostatného staleho zatazenia

Eqk,i — UCinok nahodilého zatazenia

4.3.Kombinacie za t'azeni pre ADS

Pre mimoriadne navrhové situacie definujeme nasledovné kombinécie zatazeni:

Mimoriadna hodnota U €inku za t'azenia ADS:
Ead = Egox + Egik + Ad + ZWai. Eqx,i

kde:

Eqok je ucinok viastnej tiaze (napr. ohybovy moment, Smykova sila)
Eqik - GCinok tiaZze ostatného staleho zatazenia

Ag4 — hlavné premenné mimoriadne zatazenie

Eqk,i — UCinok nahodilého zatazenia
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5. Ocelova konstrukcia — jestvujici stav

5.1.0znacenie nosnikov, prierezové charakteristiky

props

X
X2
X1

SCALE = 1142 |

\‘4

SECTION PROPERTY TABLE (units - mm.)

PROPERTY NO. 1 - [] U160

A=0.3582E+04 12=0.1482E+08

13=0.8672E+07  J=0.5628E+05 SF2=0.500
Material = 1 - STEE Perimeter=1132.00 SF3=0.500
h2=130.000 h3=160.000 €2=65.000 e3=80.000
[P E— Hot rolled [ U160
h =160.0mm tw=5.0mm
%3 bf=64.0mm tf=8.4mm
jh b =130.0mm
I =x2
PROPERTY NO. 2 - [] U200
A=0.4629E+04 12=0.3020E+08 13=0.1749E+08  J=0.8271E+05 SF2=0.500
Material =1 - STEE Perimeter=1387.20 SF3=0.500

h2=160.000 h3=200.000 €2=80.000 e3=100.000
Hot rolled [] U200
h =200.0mm tw=5.2mm
<3 bf=76.0mm tf=9.0mm
b =160.0mm
L‘- x2
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PROPERTY NO. 3 - I+1 1320

A=0.1544E+05 12=0.2485E+09 13=0.8204E+08 J=0.1116E+07 SF2=0.500
Material = 1 - STEE Perimeter=2282.00 SF3=0.500
h2=265.000 h3=320.000 e2=132.500 e3=160.000
Hot rolled I+1 1320
h =320.0mm tw=11.5mm
X3 bf=131.0mm tf=16.9mm
‘IF d =3.0mm
==x2
PROPERTY NO. 4 - 1260
A=0.5303E+04 12=0.5714E+08 13=0.3335E+07 J=0.2586E+06 SF2=0.427
Material = 1 - STEE Perimeter=953.200 SF3=0.492
h2=113.000 h3=260.000 e2=56.500 €3=130.000
Hot rolled 1260

h =260.0mm tw=9.4mm

X3 bf=113.0mm tf=13.8mm

% =x2

5.2.Vnutorné sily

Vnutorné sily vyvolané jednotlivymi kombinaciami zatazeni su znazornené v nasledovnych

obrazkoch:

» Navrhové kombinéacie zatazeni (obalka) ULS — ohybovy moment M2 [kNm]

M2 Ed

X
X2
X1

SCALE = 1:161 | UNITS: KN*m |

M2 MOMENT COMBINATIONS ENVELOPE
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Navrhové kombinacie zatazeni (obalka) ULS — ohybovy moment M3 [KNm]

M3 Ed XTQ
X2
X1
SCALE = 1:161

UNITS: kN*m

=
by
(<]

AN
AN

RO

W\
BN\

)
!

ettt \_
\\\\\\\\\\\\

\
ot

[ :‘-i\\\\“\\\\\

] et LR
<

R

M3 MOMENT COMBINATIONS ENVELOPE

Navrhové kombinacie zatazeni (obalka) ULS — krutiaci moment V2 [kN]

V2 Ed XE
X2
X1
SCALE = 1:161

UNITS: kN |

\/

e\
A
o
)
B
Y
[&3
\
-~
Q
\
)

\/

A

-~
Y
‘o
A

-

V2 SHEAR COMBINATIONS ENVELOPE
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* Navrhové kombinacie zatazeni (obalka) ULS — prie¢na sila V3 [kN]

V3 Ed

X
X2
X1

SCALE = 1:161 | UNITS: kN

V3 SHEAR COMBINATIONS ENVELOPE

* Navrhové kombinacie zatazeni (obalka) ULS — prie¢na sila Axial [KN]

Ax Ed X’[g
X2
X1
SCALE = 1:161 UNITS: kN
1: 3.9
7 55.5 =H: 59
=41, =18
= — 10 A t
=" 12 . =
7.4 A
7.6 i%
.9 . 0.6
(1?'.1 . 8:8
g:> 6.6
i
8.5
0.9
(+) Compression (=) Tension
AXIAL FORCE COMBINATIONS ENVELOPE

10
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Navrhové kombinacie zatazeni (obalka) ULS — osova sila Torsion [KNm]

Tors Ed

SCALE = 1:161

UNITS: kN*m |

X
X2
X1

53550

g5 \\\"‘-r-m.\.\\\
: Q (\\\} \ \‘\"\

)
W

TORSION MOMENT

COMBINATIONS ENVELOPE

Charakteristické kombinécie zatazeni (obélka) SLS — deformécie [mm]

Defl. Ek

SCALE = 1:152 | UNITS: mm

X
X2
X1

‘ 2) el
0 A .’:“' ':d‘u 7
B8 487 S 'E‘g 94 08
51 B88F 0% ) 9417 n:t?'/ \
<] B8F 4 2,869
5 4 “_‘-;.g/ i 1 4
5 1S 42 g 2 - 5
F1 29 20 '
1 4

VALUES ARE * 10™ Max.=21.827mm
DISPLACEMENTS  COMB. NO. 8 1*1.00+6%*1.00+7*1.00

11
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« Prehlad reakcii vo votknuti

React. XJ[\<
X2
X1

SCALE = 1:152 UNITS: kN |

REACTIONS MAXIMUM COMB. ENVELOPE

5.3.Posudenie oce Fovej konstrukcie — prie  €la 2x1320 - ULS
Detailed Results Table for Beam 145 - 156

Moments: kN*meter , Forces: kN, Stresses: MPa , Section prop.: cm.

| X2 (Major axis)

Beam: 149 151
145 to 156 |
12.00 -
Kx for LTB = 1.00
CONSTRAINTS DESIGN DATA
- Sections : Check - Kx = 5.00 - Ky =5.00
- Steel Grade: S$235 - Allow. Slend. : 300 (compr.) 300 (tens.)

- Allowable Deflection : 1/350
- Tension Area Reduction Factor : 1.00

Connectors spacing = default (=  4.00)(members closely spaced)
INTERMEDIATE SUPPORTS

L= 3.00 9.00
Lat.-Tors.
Compress. X ‘ X
Section: I+1 1 320 D=3
] h = 320.0mm b = 265.0mm d = 3.0mm
tw = 11.50mm tf = 16.90mm
Area = 154.38cm2 12 = 24853cm4 13 = 8204cm4
X3 J = 111.63cm4  Wpl2 = 1813cm3 WpI3 = 1034cm3
“5 X2 Cw = 1.4dm6 e3 = 160.0mm e2 = 132.50mm
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‘ DESIGN COMBINATION = 6 ‘
M2 Moment Diagram
-12.89)\ 4—12.89
~ =
3191
Moments at Intermediate Supports:
21.37 21.37

Max. AXIAL Force = -0.90 (compr.) Max. SHEAR Force = 43.92
M3 Moment Diagram
0.00 0.00

.

\\ ) 7
g e

222

Moments at Intermediate Supports:
2.22 2.22

Max. AXIAL Force = -0.90 (compr.) Max. SHEAR Force = 0.74
ym0 =1.00,ym1 =1.00, ym2 =1.25

SECTION CLASSIFICATION: *** CLASS 1 ***

Limiting Ratios: Class 1 Class 2 Class 3
dft= 24.89 < 720 82.9 122.9 (e=1.000 R = 0.000)
b/t= 3.88 < 9.0 10.0 14.0

** Design Strength (py ) = 235.0 **

DESIGN EQUATION FACTORS VALUES RESULT
M3 Moment Med Wpl = 1034.36 Med= 2.22
(6.12) <1.00 Mc = 243.07 0.01
Mc
Notes: LOW Shear Load Used for Moment Design
V3 Shear Ved/Vce,rd < 1.00 Av = 69.71 Ved = 43.92
(6.17) Ve = 94576  0.05
M2 Moment Med Wpl = 1813.05 Med= 31.91
(6.12) <1.00 Mc = 426.07 0.07
Mc
Notes: LOW Shear Load Used for Moment Design
Deflection defl. defl =
— < 1.00 0.02207 0.64

L /350

13
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Combined Ned Myed Mzed | Mcy= 426.07 Ned = 0.90
| Stresses — + — + Mcz= 243.07 Anet= 154.38
(Local) Npl Mcy Mcz Fu = 360.00 0.08
(6.44) Myed= 31.91
<1.00 Mzed= 2.22
Axial Ned (kLr)x =118 Ned = 0.90
. Force — < 1.00 (kL/r)y =906 Ag = 154.38
6.3.1 Nb,rd Xfy =2 Nerd= 37.12 0.02
' Note: buckling curve used is : ¢
. Lateral Wpl = 1813.05 Med= 31.91
Torsional Med k = 1.00 Mbrd= 426.07
. Buckling < 1.00 kL = 12.00 A = 1.00
6.3.2 Mb,rd Y = 1.00 Xt = 1.00 0.07
Ci= 1.17 Mcr = 119.35
beam is LOADED
Critical Segment from 0.00 to 12.00 on +z flange
Segment End Moments: -12.89 and -12.89
- Bendingand | Ned kyMy kzMz Cmit=  0.93 ky = 1.00
Axial —t — + Cmz= 0.60 kz = 0.37 0.10
. Compression Nbmin Mby  Mcz ut = 1.00
6.3.3 <1.00 pwy = 1.40
My = 31.91 Mz = 222
Critical Segment from| 0.00to 12.00
5.4.Posldenie oce Povej konstrukcie — st Ip 2xU — ULS
Moments: kN*meter , Forces: kN , Stresses: MPa , Section prop.: cm.
| X2 (Major axis)
Beam: 149 74 —
97 to 108 |
| 5.94
Kx for LTB = 1.00
CONSTRAINTS DESIGN DATA
- Sections : Check -Kx =210 -Ky=2.10
- Steel Grade: 5235 - Allow. Slend. : 300 (compr.) 300 (tens.)
- Allowable Deflection : 1/350
- Tension Area Reduction Factor : 1.00
Connectors spacing = default (= 1.98)(members closely spaced)
Section: [] U 160 D=2
h = 160.0mm b = 130.0mm d = 2.0mm
tw = 5.0mm tf = 8.40mm
Area = 35.82cm2 12 = 1482cm4 I3 = 867.25cm4
T "f? J = 5.63cm4 Wpl2 = 214.27cm3 WpI3 = 160.46¢cm3
T x2 Cw = 0.1dmé el = 80.0mm e2 = 65.0mm

i

DESIGN COMBINATION = 4

14
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M2 Moment Diagram

Max. AXIAL Force = -46.18 (compr.) Max. SHEAR Force= 11.39
M3 Moment Diagram
-5.94

P |

Max. AXIAL Force = -46.18 (compr.) Max. SHEAR Force = 27.02
ym0 =1.00,ym1 =1.00,ym2 = 1.25

SECTION CLASSIFICATION: *** CLASS 1 ***

Limiting Ratios:  Class 1 Class 2 Class 3
dit= 32.00 < B29 71.3 71.3 (e=1.000 R= 0.055)
bt= 7.62 < 9.0 10.0 14.0

** Design Strength (py ) = 235.0 **

DESIGN EQUATION FACTORS VALUES RESULT

V2 Shear Ved/Vc,rd < 1.00 Av = 21.50 Ved = 27.02

(6.17) Ve = 291.74 0.09
M3 Moment Med Wpl = 160.46 Med= 5.94

(6.12) < 1.00 Mec = 37.71 0.16

Mc

Notes: LOW Shear Load Used for Moment Design
V3 Shear Ved/Ve,rd < 1.00 Av = 16.00 Ved = 11.39

(6.17) Ve = 217.086 0.05
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DESIGN EQUATION FACTORS VALUES RESULT
M2 Moment Med Wpl = 214.27 Med= 3.93
(6.12) — < 1.00 Mc = 50.35 0.08
Mc
Notes: LOW Shear Load Used for Moment Design
Deflection defl. defl =
<1.00 0.00297 017
L/ 350
Combined Ned Myed Mzed Mcy= 50.35 Ned = 46.18
Stresses + + Mcz= 37.71 Ag = 3582
(Local) Npl  Mecy Mez Fy = 235.00 0.29
(6.44) Myed= 3.93
<1.00 Mzed= 594
Axial Ned (kLir)x =192 Ned = 46.18
Force < 1.00 (kLir)y =291 Ag = 3582
6.3.1 Nb,rd Xfy =21 Nerd= 75.43 0.61
Note: buckling curve used is : ¢
Lateral Wpl = 214.27 Med= 3.93
Torsional Med k = 1.00 Mbrd= 50.35
Buckling <1.00 kL = 5.94 A = 1.00
6.3.2 Mb,rd y = 0.00 Xt = 1.00 0.08
Cl1= 113 Mer = 119.35
beam is LOADED
Critical Segment from 0.00to 5.94 on +z flange
Segment End Moments: 0.07 and 0.00
Bending and | Ned kyMy kzMz Cmilt= 0.95 ky = 091
Axial —t — + Cmz= 0.92 kz = 1.71 0.95
Compression |[Nbmin Mby Mcz pt = 1.00
6.3.3 < 1.00 py = 1.40
My= 3.93 Mz = 594

Critical Segment from 0.00to 5.94
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6. Ocelova konstrukcia — navrhovany stav

6.1.Oznacéenie nosnikov, prierezové charakteristiky

prop

X
X2
X1

SCALE = 1:104

SECTION PROPERTY TABLE (units - mm.)

PROPERTY NO. 1 - [] U160

A=0.3582E+04 12=0.1482E+08 13=0.8672E+07 J=0.5628E+05 SF2=0.500
Material = 1 - STEE Perimeter=1132.00 SF3=0.500
h2=130.000 €2=65.000 e3=80.000
P Hot rolled [ U160
h =160.0mm tw=5.0mm
X3 bf=64.0mm tf=8.4mm
jh b =130.0mm
I =x2
PROPERTY NO. 2 - [] U200
A=0.4629E+04 12=0.3020E+08 13=0.1749E+08 J=0.8271E+05 SF2=0.500
Material = 1 - STEE Perimeter=1387.20 SF3=0.500

h2=160.000

L

x3

— LxQ

h3=200.000

€2=80.000 e3=100.000
Hot rolled [] U200
h =200.0mm tw=5.2mm
bf=76.0mm tf=9.0mm
b =160.0mm

17
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PROPERTY NO. 3 - I+1 1320

A=0.1544E+05 12=0.2485E+09 13=0.8204E+08 J=0.1116E+07 SF2=0.500
Material = 1 - STEE Perimeter=2282.00 SF3=0.500
h2=265.000 h3=320.000 e2=132.500 e3=160.000
Hot rolled I+1 1320
h =320.0mm tw=11.5mm
X3 bf=131.0mm tf=16.9mm
‘IF d =3.0mm
==x2
PROPERTY NO. 4 - 1260
A=0.5303E+04 12=0.5714E+08 13=0.3335E+07 J=0.2586E+06 SF2=0.427
Material = 1 - STEE Perimeter=953.200 SF3=0.492
h2=113.000 h3=260.000 e2=56.500 €3=130.000
Hot rolled 1260

h =260.0mm tw=9.4mm

X3 bf=113.0mm tf=13.8mm

% =x2

6.2.Vnutorné sily

Vnuatorné sily vyvolané jednotlivymi kombinaciami zatazeni su znazornené v nasledovnych

obrazkoch:

» Navrhové kombinéacie zatazeni (obalka) ULS — ohybovy moment M2 [kNm]

X3

M2 Ed

X2

X1
SCALE = 1:158 UNITS: kN*m

- L]
@3
M2 MOMENT COMBINATIONS ENVELOPE

18
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» Navrhové kombinacie zataZeni (obalka) ULS — ohybovy moment M3 [KNm]

X3
M3 Ed
X2
X1
SCALE = 1:158 UNITS: kN*m
A2 ? | ; 23
Pt
E AP
I @8
&
’i &
&
a3
M3 MOMENT COMBINATIONS ENVELOPE
* Navrhové kombinécie zatazeni (obalka) ULS — kratiaci moment V2 [kN]
X3
V2 Ed
X2
X1
SCALE = 1:158 UNITS: kN

L N

259

V2 SHEAR COMBINATIONS ENVELOPE
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* Navrhové kombinacie zatazeni (obalka) ULS — prie¢na sila V3 [kN]

X3
V3 Ed
X2
X1
SCALE = 1:158 | UNITS: kN
- @3
E
]
V3 SHEAR COMBINATIONS ENVELOPE
* Navrhové kombinacie zatazeni (obalka) ULS — prie¢na sila Axial [KN]
) X3
Axial Ed
X2
X1
SCALE = 1:158 UNITS: kN
6.7
=43
6.7 - 6.4
6.4
38 E=5 —
3. —— — —
i ——
3.8 SO ——
31 8.6 = — §:§
- = ' 3.3
=83 24
(+) Compression (=) Tension .
AXIAL FORCE COMBINATIONS ENVELOPE
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* Navrhové kombinacie zataZeni (obalka) ULS — osova sila Torsion [kNm]

X3
Tors Ed
X2
X1
SCALE = 1:158 | UNITS: kN*m | DATE:16. 6.23
2 B
T
m\\}\\\\\‘§. Q
> Al
T
@8 a
@
TORSION MOMENT  COMBINATIONS ENVELOPE
» Charakteristické kombinacie zataZeni (obalka) SLS — deformacie [mm]
X3
Defl.
X2
X1
SCALE = 1:155 UNITS: mm

VALUES ARE * 10™1 rSM(])(.=21.786mm
DISPLACEMENTS (nodes only) AXIMUM COMB. ENVELOPE

21
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« Prehlad reakcii vo votknuti

. X3
Reactions Ed
X2
X1
SCALE = 1:155 UNITS: kN
] .
‘/m\\\\ ) /
- P v&‘m T
\\\ _—
//«”"{E«»\\M 1
—— ,/'/
8%53 o &«—0.74 i(

30 gﬁ; ) 041 23.1T O%ig £—0.65
0.77-777 03 a8 ;
23.1 289 553 L

REACTIONS MAXIMUM COMB. ENVELOPE

REACTIONS (Units: kN, kN*meter)
node cmb X1 X2 X3 X4 X5 X6
207 1 0.034 0.773 28.606 -0.142 0.242 0.000
2 -0.024 0.084 6.370 -1.329 -0.210 0.000
3 0.000 0.154 8.630 -0.265 0.004 0.000
4 -0.400 0.774 28.647 -0.144 -1.977 0.000
5 0.410 0.083 6.329 -1.327 2.009 0.000
Max 0.410 0.774 28.647 -0.142 2.009 0.000
Comb 5 4 4 1 5 4
Min -0.400 0.083 6.329 -1.329 -1.977 0.000
Comb 4 5 5 2 4 5
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6.3. Posudenie oce Fovej konstrukcie — prie  €la 2xU200 — ULS
Detalled Results Table for Beam 79 - 84

Moments: kN*meter , Forces: kN , Stresses: MPa , Section prop.: cm.

| X2 (Major axis)
Beam: 109 111 —
79, 80, 81, |
82, 83, 84 | 6.00
Kx for LTB = 1.00

CONSTRAINTS DESIGN DATA
- Sections Check - Kx =3.47 - Ky =5.00
- Steel Grade: S235 - Allow. Slend. : 300 (compr.) 300 (tens.)

- Allowable Deflection : 1/350
- Tension Area Reduction Factor : 1.00

Connectors spacing = default (= 2.00)(members closely spaced)

INTERMEDIATE SUPPORTS
L= 3.00
Lat.-Tors.

Compress. X

Section: [] U 200 D=8

h = 200.0mm b = 160.0mm d = 8.0mm
tw = 5.20mm tf = 9.0mm
Area = 46.29cm2 12 = 3020cm4 13 = 1749cm4
XS J = 8.27cm4 Wpl2 = 347.41cm3 WpI3 = 261.41cm3
| 1L » Cw = 0.4dmé e3 = 100.0mm e2 = 80.0mm
‘ DESIGN COMBINATION = 4
M2 Moment Diagram
0.25 ] 0.24

48.06
Moments at Intermediate Supports:
48.06

Max. AXIAL Force = -3.93 (compr.) Max. SHEAR Force = 21.00
M3 Moment Diagram
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Max. AXIAL Force = -3.93 (compr.) Max. SHEAR Force = 0.53
ym0 =1.00,ym1 =1.00,ym2 =125
SECTION CLASSIFICATION: *** CLASS 1 ***
Limiting Ratios: Class 1 Class 2 Class 3
dit= 38.46 < 713 82.1 122.3 (e=1.000 R= 0.004)
bit= 8.44 < 9.0 10.0 14.0
** Design Strength (py ) = 235.0 **
DESIGN EQUATION FACTORS VALUES RESULT
M3 Moment Med Wpl = 261.41 Med= 1.33
(6.12) <1.00 Mc = 61.43 0.02
Mc
Notes: LOW Shear Load Used for Moment Design
V3 Shear Ved/Ve,rd < 1.00 Av = 20.80 Ved = 21.00
(6.17) Ve = 282.18 0.07
M2 Moment Med Wpl = 347.41 Med = 48.06
(6.12) < 1.00 Mc = 81.64 0.59
Mc
Notes: LOW Shear Load Used for Moment Design
Deflection defl. defl =
< 1.00 0.00084 0.05
L /350
Combined Ned Myed Mzed Mcy= 81.64 Ned = 3.93
Stresses + + Mcz= 61.43 Ag = 46.29
(Local) Npl  Mcy Mecz Fy = 235.00 0.61
(6.44) Myed= 48.06
<1.00 Mzec= 1.33
Axial Ned (kLirx =129 Ned = 3.93
Force <1.00 (kLr)y =538 Ag = 46.29
6.3.1 Nb,rd Xty =6 Nerd= 30.55 013
Note: buckling curve used is : ¢
Lateral Wpl = 347.41 Med = 48.06
Torsional Med k= 1.00 Mbrd= 81.64
Buckling < 1.00 kL = 6.00 A = 0.00
6.3.2 Mb,rd y= 099 Xt = 1.00 0.59
Cl= 1.3 Mcr = 0.00
beam is LOADED
Critical Segment from 0.00 to 6.00 on +z flange
Segment End Moments: 0.25and 0.24
Bending and | Ned kyMy kzMz Cmlt=  0.95 ky = 0.98
Axial + + Cmz= 0.60 kz = 042 0.72
Compression |[Nbmin Mby  Mcz plt = 1.00
6.3.3 < 1.00 py = 1.40
My = 48.06 Mz = 133
Critical Segment from 0.00 to 6.00
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6.5. Posudenie oce Fovej konstrukcie — prie  €la 2x1320 — ULS
Detalled Results Table for Beam 151 - 156

Moments: kN*meter , Forces: kN , Stresses: MPa , Section prop.. cm.

X2 (Major axis)

Beam: 163 151
151, 1562, 153,
154, 155, 156 6.00
Kx for LTBE = 1.00
CONSTRAINTS DESIGN DATA
- Sections Check - Kx=5.00 - Ky =5.00
- Steel Grade: 5235 - Allow. Slend. : 300 (compr.) 300 (tens.)

- Allowable Deflection : 1/360
- Tension Area Reduction Factor : 1.00

Connectors spacing = default (= 2.00)(members closely spaced)

INTERMEDIATE SUPPORTS
L= 3.00
Lat.-Tors.

Compress. X

Section: 1+ 1 320 D=3

= 320.0mm b = 265.0mm d = 3.0mm
= 11.50mm tf = 16.90mm
Area = 154.38cm2 12 = 24853cm4 13 = B204cm4
= 111.63cm4 Wpl2 = 1813cm3 Wpl3 = 1034cm3
x2 Cw = 1.4dmé ed = 160.0mm e2 = 132.50mm
‘ DESIGHN COMBINATION = 4
M2 Moment Diagram

-0.30 . -0.31

69.89
Moments at Intermediate Supports:
69.89

Max. AXIAL Force = -0.77 (compr.) Max. SHEAR Force = 26.66
M3 Moment Diagram
0.00 0.00

1.20
Moments at Intermediate Supports:
1.20
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Max. AXIAL Force = -0.77 (compr.) Max. SHEAR Force = 0.46

vm0 =1.00,ym1 =1.00,ym2=125
SECTION CLASSIFICATION: *** CLASS 1 ***

Limiting Ratios: Class 1 Class 2 Class 3
dit= 24.89 < 72.0 829 123.3
bit= 3.88 < 9.0 10.0 14.0

** Design Strength (py ) = 235.0 **

{e=1.000 R= 0.000)

DESIGN EQUATION FACTORS VALUES RESULT
V3 Shear Ved/Ve,rd < 1.00 Av =  69.71 Ved = 26.66
(6.17) Ve = 945.76 0.03
M2 Moment Med Wpl = 1813.05 Med = 69.89
(6.12) <1.00 Mc = 426.07 0.16
Mc
Notes: LOW Shear Load Used for Moment Design
Combined Ned Myed Mzed Mcy= 426.07 Ned = 0.77
Stresses + + Mcz= 243.07 Anet= 154.38
(Local) Npl Mcy Mecz Fu = 360.00 017
(6.44) Myed= 69.89
<1.00 Mzed= 1.20
Axial Ned (kLir)x =118 Ned = 0.77
Force < 1.00 (kLir)y =453 Ag = 154.38
6.3.1 Nb,rd Xfy =9 Ncrd= 141.58 0.01
Note: buckling curve used is : ¢
Lateral Wpl = 1813.05 Med= 69.89
Torsicnal Med k= 1.00 Mbrd= 426.07
Buckling <1.00 kL = 6.00 L = 0.00
6.3.2 Mb,rd v = 097 Xt = 1.00 0.16
Cl= 1.13 Mcr = 0.00
beam is LOADED
Critical Segment from 0.00 to 6.00 on +z flange
Segment End Moments: -0.30 and -0.31
Bending and | Ned kyMy kzMz Cmit=  0.95 ky = 1.00
Axial —+ — + Cmz= 0.60 kz = 0.36 0.17
Compression |Nbmin Mby Mecz wt = 1.00
6.3.3 =<1.00 py = 1.40
My = 69.89 Mz = 1.20
Critical Segment from 0.00to 6.00

26



Udrzbova zakladia DPB — Depo Jurajov dvor
Podvesené drazky nad kanalmi ¢.3 a 4 — Gprava ocelovej konstrukcie

Staticky vypocet Tendrova dokumentécia

6.6. Posltidenie oce Povej konstrukcie — st Ip — ULS

Detalled Results Table for Beam 207 - 211

Moments: kN*meter , Forces: kN, Stresses: MPa , Section prop.: cm.

| X2 (Major axis)

Beam: 163 207

207, 208, 209, |

210, 211 5.24 -

Kx for LTB = 1.00

CONSTRAINTS DESIGN DATA
- Sections : Check -Kx=5.00 -Ky =2.02
- Steel Grade: S235 - Allow. Slend. : 300 (compr.) 300 (tens.)

- Allowable Deflection : 1/350
- Tension Area Reduction Factor : 1.00
Connectors spacing = default (=  1.75)(members closely spaced)

Section: [] U 160 D=2

h = 160.0mm b = 130.0mm d = 2.0mm
tw = 5.0mm tf = 8.40mm
Area = 35.82cm2 12 = 1482cm4 I3 = 867.25cm4
X? J = 5.63cm4 Wpl2 = 214.27cm3 WpI3 = 160.46cm3
T yo Cw = 0.1dm6 e3 =800mm e2 = 65.0mm
— . (=
DESIGN COMBINATION = 4
M2 Moment Diagram
0.03__
O —— b4
Max. AXIAL Force = -28.65 (compr.) Max. SHEAR Force = 0.46
M3 Moment Diagram
- 1.33
z’/)
//
///
e
P
030
Max. AXIAL Force = -28.65 (compr.) Max. SHEAR Force = 0.08
ym0 =1.00,ym1=1.00,ym2=1.25
SECTION CLASSIFICATION: *** CLASS 1 ***
Limiting Ratios: Class 1 Class 2 Class 3
d/t= 32.00 < 66.1 71.2 71.2 (e=1.000 R= 0.034)
b/t= 7.62 < 9.0 10.0 14.0

** Design Strength (py ) = 235.0 **
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DESIGN EQUATION FACTORS VALUES RESULT
M3 Moment Med Wpl = 160.46 Med= 1.33
(6.12) < 1.00 Mc = 37.71 0.04
Mc
Notes: LOW Shear Load Used for Moment Design
M2 Moment Med Wpl = 214.27 Med = 2.43
(6.12) — <1.00 Mc = 50.35 0.05
Mc
Notes: LOW Shear Load Used for Moment Design
Deflection defl. defl =
< 1.00 0.00081 0.05
L /350
DESIGN EQUATION FACTORS VALUES RESULT
Combined Ned Myed Mzed Mcy= 50.35 Ned = 28.65
Stresses — + — 4+ ——  Mecz= 37.71 Ag = 3582
(Local) Npl  Mey Mez Fy = 235.00 0.12
(6.44) Myec=  2.43
<1.00 Mzed= 1.33
Axial Ned (kLir)x =400 Ned = 28.65
Force < 1.00 (kLir)y =247 Ag = 3582
6.3.1 Nb,rd Xfy =11 Nerd= 41.61 0.69
Note: buckling curve used is : ¢
Lateral Wpl = 214.27 Med= 2.43
Torsional Med k= 1.00 Mbrd= 50.35
Buckling <1.00 kL = 5.24 A = 0.00
6.3.2 Mb,rd y = 0.01 Xt = 1.00 0.05
Cli= 1.76 Mcr = 0.00
beam NOT LOADED
Critical Segment from 0.00 to 5.24 on +z flange
Segment End Moments: 0.08and 2.43
Bendingand | Ned kyMy kzMz Cmy= 0.61 ky = 094
Axial —+ — 4+ Cmz= 051 kz = 0.43 0.75
Compression |Nbmin Mcy Mcz px = 0.80
6.3.3 <1.00 p = 1.40
My=  2.43 Mz = 1.33
Critical Segment from 0.00to 5.24
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6.7.Postdenie oce Fovej konstrukcie — napojenie st ipu na zéaklad

Typ a priemer kotvy: HIT-RE 500 V4 + HAS-U 5.8 M12 2
: 50

Obdobie navratu (Zivotnost' v rokoch):

Objednavacie ¢islo: 2223823 HAS-U 5.8 M12x160 (prvok) / 2287552
HIT-RE 500 V4 (chemicka hmota) SAFE:ET

Efektivna kotevna hibka: Ngpaet = 120,0 mm (g = - mm) 2 " )

b‘!‘

Material: 5.8

Certifikat ¢islo: ETA 20/0541

Vydany | Platny: 4.9.2021] -

Poslidenie: Navrhova metéda EN 1992-4, Chemické

Distanéna montaz: e, = 0,0 mm (bez distan¢nej montaze); t = 12,0 mm

Kotevna platiia®® =" : I, x 1, x t = 300,0 mm x 300,0 mm x 12,0 mm;

Profil: Pravouhly duty, ; (D x Sx H) =200,0 mm x 160,0 mm x 6,3 mm

Zakladny material: s trhlinami beton, C30/37, , ., = 30,00 N/mm®; h = 1 000,0 mm, Teplota kratkodoba / dihodob: 0/0
°C, Pouzivatelom definovany ciastkovy faktor bezpecnosti materialu v, = 1,500

Montaz: automaticke cistenie kotveného otvoru, Podmienky montaze: sucha

Vystuz: Ziadna vystuz, alebo osova vzdialenost vystuze >= 150mm (lubovolné @), alebo > 100mm
(F<=10mm)

#iadna pozdiZna vystuZ okraja

CBFEM

- Vypoctet kotiev je zalozeny na Metdde koneénych prvkov (CBFEM)

l' ‘Ndvrhové zataZenia
E—

L]
-
-
-

)

=

§

Trvalé zataZenie ;
( ] ,
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Stav Popis Sily [kMN] / Momenty [kNm] Seizmicky Oherfi Max. vyuZitie kotvy [%]
1 Kombinacia 1 N =-28,647; V, =-0400; V? =0,774; nie nie 9
M, =-1,326; M, = 2,009; M, = 0,000;
N, =0,000; M, =0,000; M, =0,000;
1.2 Zat'azovaci stav/Vysledné sily na kotvu h y
o3 O*
Reakcie kotvy [kN]
Tahova sila: (+ tah, -tlak)
Kotva Tahovasila  Smykovasila Smykovasilax Smykovasilay

1 2,431 0,221 20,100 0.197 (®

2 0,000 0,210 -0,101 0,184 Tiak

3 0,000 0,217 -0,106 0,189

4 0,000 0,224 -0,083 0,204
Vysledna tahova sila v (xfy)=(-110,0/-110,0): 2,431 [kN] @1 02
Vysledna tlakova sila v (x/y)=(55,0/33 4): 31,454 [kN] tah
Sila na kotvu ie potitana na zaklade Metodv koneénvch orvkov (CBFEM)
1.3 Zat'aZzenie tahom (EN 19924, Odstavec 7.2.1)

Zat'azenie [kN] Kapacita [kN] Vyuzitie By [%] Stav

Porusenie ocele* 2,431 28,133 9 OK
Kombinované porusenie vytiahnutim a 2,431 34,548 8 OK
vytrhnutim beténového kuzefa*™
Porusenie beténového kuzefa® 2,431 36,960 7 oK
Porugenie rozlomenim betonu™* N/A N/A M/A MN/A

* najnepriaznivejsia kotva **skupina kotiev (kotvy v tahu)

1.3.1 Porusenie ocele

N
Ney < Nags = % EN 1992-4, Tabufka 7.1
M
Nﬁh,s [kN] Ths Nﬁn 5 [kN] NEn [kN]
42,200 1,500 28,133 2,431

1.3.2 Kombinované porusenie vytiahnutim a vytrhnutim betonového kuzela

N

Neg < Neap = %ﬁ EN 1992-4, Tabulka 7.1
B

(i3

Nig; =Npy %E—" W e Vann " Fean " Wasinip ™ W acdig EN 1992-4, Rovn. (7.13)
LN
Nowo =Y e Tre T 0 gy EN 19924, Rovn. (7.14)
- =1 EN 1992-4, Rovn. (7.14a)
Sim =73:d: W Ta <3 hy EN 1992-4, Rovn. (7.15)
0.5
=B 8 .0

W g np = Wonp” (Sm) (wonp-1) =100 EN 1992-4, Rovn. (7.17)

o - 18
Vi =vn-(Vn-1)- (ﬁ) = 1,00 EN 1992-4, Rovn. (7.18)

k —
e =2\ T EN 1992-4, Rovn. (7.19)
L =07+03- —— <1,00 EN 19924, Rovn. (7.20)

"or Mp
1
W aet np S <100 EN 1992-4, Rovn. (7.21)
1+ 1:1‘N)
Seriva
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Udrzbova zéakladiia DPB — Depo Jurajov dvor

Podvesené drazky nad kanalmi ¢.3 a 4 — Gprava ocelovej konstrukcie

Staticky vypocet Tendrova dokumentécia
2 AEI 2
Ay Imm’] o [Mm'] T e 20 [NfmM°] Serg (M) Capnp IMM] G,y [mm] £, o [NImm°]
129 600 129 600 18,00 360,0 180,0 390,0 30,00
0y o
Ve Ty [NMM] ks e [N/Mm’] Yanp Yamp
1,041 11,46 7.700 12,25 1,000 1,000
Cein [mm] W ectnp Cean [mm] ¥ ecanip Ve hip ¥ e ip
0,0 1,000 0.0 1,000 1,000 1,000
o
Van s Wais
0,880 0,000 1,000
0
Ny p [kN] Ny [kN] Tup Meg o [kN] Negy [kN]
51,822 51,822 1,500 34,548 2431

ID skupiny kotiev
1

7. Zaver

Tento staticky vypocet bol vypracovany za predpokladu istych vstupnych Gdajov (geometria,

materidlové vlastnosti, geoldgia a pod.). V pripade zmeny tychto vstupnych ddajov je

potrebné staticky vypocCet prehodnotit. Staticky vypocet v danom stupni (TD) v Ziadnom

pripade nenahrddza staticky vypocet

dokumentécie (VTD).

V Bratislave 10.06.2023

spracovany vo vySSom stupni projektovej

Ing. Andrej Pritula, PhD.
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