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> Uvod

o Experimenty
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o Analyticky model
— Validace

o Shrnuti



» Uvod

Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Uvod

o Za pozaru se redukuji

— hodnoty materialovych charakteristik

sendvi¢ovych panell a trapézovych plechu

— tuhost a unosnost jejich pFipoju

R
fPR

CVUuT

CESKE VYSOKE
UCENIi TECHNICKE
V PRAZE

Prednaska je zamérena na redukci pripoju
sendvicovych panelu




Experimenty s pripoji

o Zkusebni sestava

/N B
=
Jaws B
[ | o0
5
’ _— Connecting rod
Uvod .
Sandwich panel
> Experlmenty . <~——— Supporting steel
— plate
Model MKP ML ; | |
Manning's electric
Validace TC -1/3/4/5/6 heating pad
TC 4 ~
/”r_ Manning's electric —_ - TT?: 1:;&'5
Studie citlivosti ——— heating pad = —_-TC-
I_,r"'
Analyticky TC -27—f— | == 7~ ested connection e > Extensometer
model — ¢ __ Supporting steel ___ Manning's electric
. e plate TC 2877 heating pad
Validace Connecting rod
Shrnuti

CVUT - o

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE




Zkusebni sestava

o Zkouska za beézne teploty

Uvod
» Experimenty

Model MKP
Validace

Studie citlivosti
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model

Validace

Shrnuti
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P Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti
¢vuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Rozsah zkousek

Zkouska - .
Styclglckr? vy Sroub
Tloustka Templota P 55 mm
Panel o mm
mm C
8 1
20 10 1
8 1
300 10 1
100 8 1
, 450
Jadro 10 1
8 1
. Ly . 600 10 1
Z mineralni
20 8 1
10 1
vaty 300 8 1
10 1
230
450 8 L
10 1
8 1
600 10 1




Uvod
P Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti
¢vuT

CESKE VYSOKE

UCENI TECHNICKE

V PRAZE

Rozsah zkousek

Zkouska

—— Styrlegickr:) YW1 Sroub

Panel org‘:;nt ka Tenflglota m 55mm
20 16 1
250 16 .
Jadro 100 300 180 1
, 450 120 i
20 10 1
PIRu 200 8 1
160 300 180 1
450 16 .




Ohrev keramickymi
odporovymi de¢kami

Uvod
» Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti

« |CVUT
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Uvod
P Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Teploty pripojovanych prvku

Plech Chranény prurez Chranény prurez
oC HEA 120 HEA 200
°C °C
20 20 20
200 65 58
250 105 91
300 153 133
450 334 305
600 518 493
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Zahrivani
__700,0
@)
= gooo  R230.8.600
£ 500,0
o
Uvod g- 400,0
= 300,0
» Experimenty ’
Model MKP 200,0
Validace 100,0
Studie citlivosti 0,0
Analyticky 0 15 30 45 60 75
model i i
—|nternal sheet —1/2 thickness of core Time, (min)
Validace —1/4 thickness of core —External sheet
Shut o Jadro z MW tloustky 230 mm
o Plech 8 mm o teploté 300 ° C )
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» Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti

Zavislost deformace na sile

E 1,8

S14
1,2

1

0,8
0,6
0,4
0,2

0
0 5 10 15

o Jadro z PIR tloustky 160 mm
o Plech 8 mm teploty 300 °C

$1.6 K 160 8 300

20 25
Displacement, mm
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model
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Tvary poruseni pro mineralni vatu
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Model MKP
Validace

Studie citlivosti

Analyticky
model
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Zahrivani

Temperature, (°C)

700,0

600,0
>00,0 R_230_8_600
400,0
300,0
200,0

100,0

0,0
0 15 30 45

60

75
Time, (min)

—|nternal sheet —==1/2 thickness of core=1/4 thickness of core

—Fxternal sheet —Steel plate

o dJadro z mineralni vaty tloustky 230 mm

o Plech 8 mm o teploté 600 ° C
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» Experimenty

Model MKP
Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti

Zavislost deformace na sile

1,4
12 R 230 8 600
1,0
0,8
0,6
0,4
0,2

0,0
0 5 10 15 20 25
Displacement, mm

Force, KN

o Jadro z mineralni vaty tloustky 230 mm
o Plech 8 mm o teplote 600 ° C

15
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Model MKP
Validace
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Validace

Shrnuti
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CESKE VYSOKE
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Tvary poruseni pro jadro z MW
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Model MKP

o ANSYS Workbench

o Ohrev a sila po pfirustcich jako pfi experimentu

Uvod

- -
Experimenty 8 | Steady-State Thermal 1 Static Structural
3 Model MKP 2 Q Engineering Data v g2 Q Engineering Data +"
Validace 3 0 Geometry v g——& 3 ) Geometry v
S 4| @ Model v R4 @@ Model v 4
Studie citlivosti
5 ﬁ Setup v 4 5 ﬁ Setup v 4
Analyticky 6 @& <o ., . I 7
model |5 Solution y j7 Solution p
7 7
Validace @ Results v 4 @ Results v
, Steady-State Thermal Static Structural
Shrnuti Y

CvuT

R )?

UCENI TECHNICKE
V PRAZE




Vzorek

Experiment Model
) 8 ISSSOSS:
Uvod g
85 i
; 38 3
Experimenty 2 1 : so0 1
» Model MKP \@ Q&j
Validace g : el
: N
Studie citlivosti 'L il
Analyticky
model
Validace
Shrnuti
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CESKE VYSOKE
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Prvky

o Jadro a plech SOLID186 (3-D 20-node)

o Ostatni SOLID187 (3-D, 10-node)
Uvod | ANSYS
| R18.0
Experimenty ' Academic
» Model MKP |
Validace

Studie citlivosti

Analyticky
model

Validace

PIR 100 mm
Shrnuti z,/kx

0.00 200.00 400.00 (mm)
IS

EVUT 100.00 300.00

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE




Volba site

o Zahusténi u Sroubu

ANSYS

. R180
; ' Academic
Uvod £ i

Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
model 0.00 150.00 300.00 (mm)
75.00 225.00
Validace

Shrnuti




Uvod
Experimenty

» Model MKP

Kontakty

v'Plechy a vyplii -- Bonded contact b/n

v’ Ostatni Frictional contact b/n

Nastaveni
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Details of "Bonded - Inner sheet To PIR” T Details of “Frictional - Inner sheet To Screw 1" n
[=| Scope Scoping Method Geometry Selection ~
Scoping Method Geometry Selection Contact 1 Face
Contact 1 Face Target 1 Face
Target 1 Face Contact Bodies
Contact Bodies Target Bodies
Target Bodies [=l| Definition
= | Definition Type Frictional
Type Bonded Friction Coefficient 0.2
Scope Mode Automatic 5cope Mode =AELTE
Behaviaor Program Controlled Behavior Frogram Controlled
Trim Contact Program Contralled Trim Contact Pragram Controlled
Trim Tolerance 21416 mm Trim Tolerance 21416 mm
Suppressed Mo
Suppressed Mo
[=I| Advanced =
Hl| Advanced Farmulation Augmented Lagrange -
Formulation Program Controlled Detection Method Program Contralled
Detection Method Frogram Controlled Penetration Tolerance Program Controlled
Penetration Tolerance Program Controlled Elastic Slip Tolerance Program Cantrolled
Elastic Slip Tolerance Program Contralled Wormal Stiffness Manual
Mormal Stiffness Program Controlled Marmal Stiffness Factor 0.1
Update Stiffness Program Controlled Update Stiffness Each Iteration
Thermal Conductance Program Controlled Stabilization Damping Factor | 0,
Pinball Region Program Contralled Thermal Conductance Program Controlled
[=I| Geometric Modification Pinball Region Pragram Contralled
Contact Geometry Correction | None Time Step Controls Mone
Target Geametry Correction | None




Uchyceni vzorku

Experiment Model

Uvod
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» Model MKP

Validace
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Simulace ohrevu
keramickymi odporovymi deCkami

[B] Termperature 2:300.°C

Uvod
Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
27989
model e
183.31
i 15111
Validace e
54527
, 22.332 Min
Shrnuti V
¢vut L
0.00 100.00 200,00 {mm)
50.00 150.00

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE
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Validace
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model
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V PRAZE

Materialovy model
s degradaci teplotou

o Ocel

— Tepelné zavisly model podle EN 1993-1-2:2005 ...,
Steel Sheet

330
22°C300°C 6001 S S S o ‘C
arTm——— T memmqasme=esian 3[][]:
— T A0 S00] Lo
?ﬂ e = 4[:][:] _t,';" ________________________
zo" S0 2 300 i 300°C
2001 &
1001 #
x o
R 006 0 0005 0.0l 0.015
£
Steel Support
22°Cr00°C
T A
72T T T s
0.02 0.04 0.06
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» Model MKP

Validace
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model

Validace
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Material

o PIR

— Linear Orthotropic Elastic

37
Coefficient of thermal expansion 5E-8
12.44

4.1

3.4

0.34
0.34
0.34
1.62
6.04

Shear Modulus XY 1.97
Tensile Yield Strength 0.05

Compressive Yield Strength 0.01

Kg/m?3
1/°C
MPa
MPa
MPa

MPa
MPa
MPa
MPa
MPa



Uvod
Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti

Material

o Mineralni vata

— Linear Isotropic Elastic

EE T
85 Kg/m?

Coefficient of thermal expansion I3 1/°C

Density

Young’s Modulus 7.4 MPa
Poisson’s Ratio 3E-6 -

Shear Modulus 3.7 MPa
Tensile Yield Strength 0.086 MPa
Compressive Yield Strength 0.06 MPa




Vysledky pro 20 °C

> PIR_100 8 20°C

o Napéti se vnitfrnim plechu

, A: Model, Static Structural
Uvod Equivalent (von-Mises) Stress - Inner sheet - 1. 5
Type: Equivalent (von-Mises) Stress
; Unit: MPa
Experimenty b
8/6/2019 1040 AM
» M odel MKP
340,56 Max
Validace [ 302,73
26489
Studie citlivosti 227.06
18922
Analyticky m:g
model =
_ = 37875
Validace 0.039306 Min
Shrnuti
CvuTt
0.00 150.00 300.00 (mm)
b o — —
UCENI TECHNICKE

V PRAZE 75.00 225.00



Vysledky pro 20 °C

> PIR_100 8 20°C

o Napeti v jadru

“A: Model, Static Structural
U VO d Equivalent {van-Mises) Stress - PIR - End Time
Type: Equivalent (von-Mises) Stress
Unit: MPa
I Time: 1
Experimenty IS TR AN
» Model MKP Emuu
2175
: 1.9031
Validace |
- _ 1.3504
Studie citlivosti g 1.0875
—{ 0.81564
Analyticky 054377
alyticky H 0.27191
model 4.9856e-5 Min
Validace
Shrnuti

0.00 200.00 400.00 (mm)
B

ev UT 100,00 300,00

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE
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» Model MKP

Validace

Studie citlivosti
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model
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Shrnuti
CvuTt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

Vysledky pro 20 °C

> PIR_100 8 20°C

o Napéti ve vngjSim plechu

A: Model, Static Structural :
Equivalent (von-Mises) Stress - Outer sheet - End Time
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
8/6/201910:47 AM

0.006037 Min

0.00 150.00 300.00 (mm)
CEE——— 4009 e
75.00 225.00



Vysledky pro 20 °C

> PIR_100 8 20°C

o Napeéti ve Sroubech

Uvod
Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti

0.00 150.00 300.00 (mm)
I 40 92— @
75.00 225.00




Vysledky pro 20 °C

o PIR_100_8_20°C

o Napéti ve styCnikovém plechu

- A: Model, Static Structural :
UVOd Equivalent (von-Mises) Stress - Multiple - End Time
Type: Equivalent {von-Mises) Stress

. Unit: MP3
Experimenty Time: 1
8/6/2019 1049 AM
>» Model MKP B4 Max
O 395,42
Validace —{ 345.99
| 20657
Studie citlivosti % 24714
197.72
- 1 L 14829
Analyticky s
model H 49439
0.013377 Min
Validace
Shrnuti
e 400.00(
EVUT mm)

100.00 300.00

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE




Vysledky pro zvysenou teplotu

o PIR 160 10 450°C

o Rozdéleni teplot

Uvod

Experimenty

>» Model MKP 452.55 Max.
] 5 405.41
Validace 35827
E 311,13
H HH ; 263.99
Studie citlivosti e
o — 169.71
Analyticky 12257
75431
mOdeI I 28.292 Min
Validace
Shrnuti
0.00 250,00 500.00 {mm)
> 4 | 222 IS |
CVUT 125.00 375.00

R )?

UCENI TECHNICKE
V PRAZE



Uvod
Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti
CVuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Vysledky pro zvysenou teplotu

> PIR 160 10 450°C

o Deformace

{21895
{16191
1.0488
047843
-0.091934 Min

0.00 250.00 500.00 (mm)
L B ES—
125.00 375.00



Vysledky pro zvysenou teplotu

o PIR 160 10 450°C

o Napéti ve vnitfrnim plechu

Uvod

Experimenty

» Model MKP o

. 271.96

Validace || 23001

L . L1 204.07

Studie citlivosti 170.13

o - 136,18

Analyticky — 10224

68,207

model I 34,353

_ 0.40959 Min

Validace
Shrnuti

CvuT

0.00 150.00 300.00 (mrm)
| B S
75.00 225.00

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE
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Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky
model

Validace

Shrnuti
CvuTt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

Vysledky pro zvysenou teplotu

o PIR_160 10 450°C
o Napeti v jadru

B: Static Structural
Equivalent {von-Mises) Stress - PIR - End Time
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

8/6/201910:59 AM

0.58981 Max
0.52434

0.45886

0.39339

0.32791

0.26244

0.19696

0.13148

0.06601
0.00053458 Min

[

=

0.00 250.00 500.00 (rmm)
B
125.00 375.00
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Experimenty

» Model MKP

Validace

Studie citlivosti

Analyticky

s
o

model

Validace

Shrnuti
cvurt

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Vysledky pro zvysenou teplotu

> PIR 160 10 450°C

o Napéti ve vnejsim plechu

0.047562 Min

0.00 150.00 300.00 {mm)
B
75.00 225.00



Vysledky pro zvysenou teplotu

> PIR 160 10 450°C

o Napeéti ve Sroubech

Uvod
Experimenty

» Model MKP

Validace

Studie citlivosti
Analyticky | soe6
model de
0.00011331 Min
Validace
Shrnuti

0.00 200.00 400.00 {mm)
I S
100.00 300.00




Uvod
Experimenty
Model MKP

Validace

>

Studie citlivosti

Analyticky
model

Validace

Shrnuti
CvuT

CESKE VYSOKE
UCENI TECHNICKE
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Validace

r u r o
zavislost deformace na sile 20 °C
PIR 160 mm

I}/Zodel Experiment

1.6

1.4
= 1.2 “"/”ﬁ .
g - Experiment
g 1/
2 0.3 r 4

/

0.6 |

0.4

0.2

0

0 2 4 b 8 10
Displacement, mm
——FEM_PIR_160_8_5.5_20°C —— FEM_PIR_160_8_6.3_20°C FEM_PIR_160_10_5.5_20°C
FEM_PIR_160_10_6.3_20°C = EXPE_PIR_160_8_5.5_20°C —— EXPE_PIR_160_10_5.5_20°C




Validace
zavislost deformace na sile 200 °C

PIR 160 mm
Model

1.4

/- Experiment

Uvod

Experimenty g !
Model MKP | £°% ||
I Experiment
» Validace '
Studie citlivosti 04
Analyticky 0.2
model 0
Validace 0 2 4 6 3 10 12 14 16 18
Displacement, mm
Shrnuti

— —— FEM_PIR_160_8_5.5_200°C —— FEM_PIR_160_8_6.3_200°C FEM_PIR_160_10_5.5_200°C

- |CVUT

Wé FEM_PIR_160_10_6.3_200°C —— EXPE_PIR_160_8 5.5_200°C ——EXPE_PIR_160_10_5.5_200°C
) CESKE VYSOKE

/XF

UCENI TECHNICKE
V PRAZE




Validace
zavislost deformace na sile 300 °C

PIR 160 mm
1.8
15 | Model Experiment
) 1.4 \
Uvod
1.2
Experimenty E .
1]
Model MKP £ 0.8
>» Validace 0.6
Studie citlivosti 0.4

Experiment
Analyticky 0.2

model 0
Validace o 2 ‘ ® g 10
Displacement, mm
Shrnuti

— —FEM_PIR_160_8_5.5_300°C —— FEM_PIR_160_8_6.3_300°C FEM_PIR_160_10_5.5_300°C
CVUT
FEM_PIR_160_10_6.3_300°C —— EXPE_PIR_160_8_5.5_300°C —— EXPE_PIR_160_10_5.5_300°C

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE




Uvod
Experimenty

Model MKP

Validace

P Studie citlivosti

Studie citlivosti —rozsah

Analyticky
model

Validace

Jadro/plech Srouby, mm Plechy, mm Temploty, °C
0,5
Mineralni vata 55 0,6
100 a 230 mm,
0,7 20
styCnikovy
plech 0.5
8 a10 mm 6,3 0,6 100
0,7
300
0,4
PIR
100 a 160 mm, o 0.5 450
styénikovy 0,6
plech 0,4 600
8 al0 mm 6.3 05

0,6




Uvod
Experimenty

Model MKP
Validace

¥ Studie citlivosti

Analyticky
model

Validace

Shrnuti

Studie citlivosti — vliv teploty

o PIR 100 mm, plech 10 mm a sroub 5,5 mm

1.8

o 300 °C
16 || /7 20°C 250°C

. . A
1.4 ’ . //—‘///Wq

Force, KN

0 1 2 3 4 5 6
Displacement, mm
= FEM_PIR_100_10_5.5_20°C ——FEM_PIR_100_10_5.5_250°C
FEM_PIR_100_10_5.5_300°C FEM_PIR_100_10_5.5_450°C




Studie citlivosti
- tloust’ka sty€nikového plechu

o PIR 160 mm, plech 8 a 10 mm a Sroub 5,5 mm

1.6
14
Uvod 1.2
Experimenty 1
g
Model MKP | g os
G
) L
Validace 0.6
¥ Studie citlivosti 04
Analyticky
0.2
model
Validace 0
0 1 2 3 L 5 6
Shrnuti Displacement, mm
C’vu-r —— FEM_PIR_160_8 5.5_20°C ——— FEM_PIR_160_8_5.5_250°C FEM_PIR_160_8_5.5_300°C == FEM_PIR_160_8 5.5_450°C
----- FEM_PIR_160_10_5.5_20°C ===== FEM_PIR_160_10_5.5_200°C=====FEM_PIR_160_10_5.5_300°C=====FEM_PIR_160_10_5.5_450°C

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE
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Experimenty
Model MKP

Validace

¥ Studie citlivosti

Analyticky
model

Validace

Shrnuti
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CESKE VYSOKE
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Studie citlivosti — tloust’ka panelu

o PIR 100 a 160 mm mm, plech 10 mm, Sroub 5,5 mm

2
1.8
1.6

300 °C

1.4

Force, KN
o o o =
= [=)] [v.] = [ W8]

o
[}

0 1 2 3 4 5 6 7
Displacement, mm

—— FEM_PIR_100_8_5.5_20°C —— FEM_PIR_100_8_5.5_250°C FEM_PIR_100_8_5.5_300°C FEM_PIR_100_8_5.5_450°C
----- FEM_PIR_160_8_5.5_20°C ----- FEM_PIR_160_8_5.5_200°C FEM_PIR_160_8_5.5_300°C FEM_PIR_160_8_5.5_450°C




| 4

Studie citlivosti — material jadra

o PIR a MW 100, plech 8 mm a Sroub 5,5 mm

Internal sheet 0.Amm 0.5mm

External sheet 0.5mm 0.6mm

Uvod e 250MPa 280Mpa
Experimenty 7
Model MKP i
Validace :

¥ Studie citlivosti

Analyticky
model

Validace
0 1 2 3 4 5 6
Displacement, mm

Shrnuti
CvuT

—FEM_PIR_100_8_5.5_20°C ——— FEM_PIR_100_8_5.5_250°C —— FEM_PIR_100_8_5.5_300°C FEM_PIR_100_8_5.5_450°C

cescevvsoxe | T FEM_MW_100_8_5.5_20°C =====- FEM_MW_100_8_5.5_300°C===== FEM_MW _100_8_5.5_450°C=====- FEM_MW_100_8_5.5_600°C
UCENI TECHNICKE
V PRAZE




Uvod
Experimenty

Model MKP

Validace

¥ Studie citlivosti

Analyticky
model

Validace

Shrnuti

E 1,8
1,6
1,4
1,2

1
0,8
0,6
0,4
0,2

0

Sila,

0

100

200

300

Ztrata predepnuti sroubu

400

500 600
Templota, °C



Analyticky model

o Unosnost a tuhost

= A
: =<,
Uvod ©
_ (?) VRk,e
Experimenty
Model MKP
Validace

Studie citlivosti

Analyticky
> model

kv, C]

Validace

~
>

Shrnuti Deformace [mm]




Analyticky model unosnosti

o Unosnost za bézné teploty podle ECCS

Ve = 4'2\/t§or,F2 -d, 'fu,Fz

Uvod
Experimenty kde
Model MKP _ . . L
i t...ro  Je tloustka jadra vnitfni plochy, t ., -, = te, — 0,04 mm
alldace ' '
o te, tloustka vnitfniho plechu panelu

Studie citlivosti

d nejmensi prumeér Sroubu, d, = 0,9d

Analyticky ! fv wp i} Pt S

> model d. prufez dfiku Sroubu

Validace fu o mez pevnosti vnitrniho plechu

ECCS, European Recommendations on the Stabilization of Steel Structures by
Sandwich Panels, CIB Publ, 379, 2013,




Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
> model

Validace

Analyticky model unosnosti

o Unosnost podle ECCS za zvysené teploty

R

kde f, k6
v EN 1993

-

fu,FZ,Q =

V, k.0 = 4'2\/tfor,F2 . d1

' fu,FZ,@

je mez pevnosti pro vnitrni plech za zvysené teploty

-1-2:2005, priloha A

(1.25f 0 <300°C

f, ,(2-0.00256) 300°C <6 < 400°C
fo 0> 400°C

kde f, o, Je mez kluzu za zvysene temploty

fyﬂ :fy 'kyﬂ

ECCS, European Recommendations on the Stabilization of Steel Structures by
Sandwich Panels, CIB Publ, 379, 2013,



>

Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
cvurt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

Analyticky model unosnosti

o Redukce meze kluzu

f, je mez kluzu
za bézne teploty

redukcéni soucinitel
meze kluzu
v EN 1993-1-2:2005

y,0

EN 1993-1-2:2005, Eurocode 3: Design of steel structures - Part 1-2:

Steel

Reduction factors at temperature #, relative to the value of f, or E,

at 20°C

Reduction factor

Reduction factor

Reduction factor

Temperatur (relative to fy) (relative to f,) (relative to E,)
for effective yield | for proportional limit |  for the slope of the
8, strength linear elastic range
kyo = fuolly kpo = fonlly ko = Eo/E,
20°C 1,000 1,000 1,000
100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
300°C 1,000 0,613 0,800
400°C 1,000 0,420 0,700
500°C 0,780 0,360 0,600
600°C 0,470 0,180 0,310
700°C 0,230 0,075 0,130
800°C 0,110 0,050 0,090
900°C 0,060 0,0375 0,0675
1000°C 0,040 0,0250 0,0450
1100°C 0,020 0,0125 0,0225
1200°C 0,000 0,0000 0,0000

General rules - Structural fire design, CEN, Brussels, 2005,




Zjednoduseny analyticky model
unosnosti

Pro f,r, zjednodusené f, .,

6 [°C] K6
fu,FZ,G = fu,FZ 20 1
Uvod | | 100 1
| kde k, 4 je redukce pro mez pevnosti 200 1
Experimenty ' 300 1
Model MKP . 400 0,800
K, 6 6 <300°C 500 | 0,624
Validace ' ’
o K o F1k ,(2-0.00250) 300°C<6<400°C 600 0,376
Studie citlivosti u, Y 200 0,184
o k /125 6 > 400°C /
Analyticky 2 800 0,088
> model 900 | 0,048
Validace 1000 0,032
Neredukuje se pro 0 < 300°C 1100 | 0,016
1200 0

EN 1993-1-2:2005, Eurocode 3: Design of steel structures - Part 1-2:
General rules - Structural fire design, CEN, Brussels, 2005,
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Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
cvurt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

Analyticky model tuhosti

o Za bézné teploty

1
kV = 2 2 3
X t +2-(1-x.)-D-t 3-(1-x.)-D-t +t
5 4 cor,sup F cor ,sup 4 F cor,sup cor,sup
k., 4C 24E]
sup
kde
nd?
C_ =2400N/mm? \t d’ =2
sup cor,sup 1 (5[1
6.93 fu,Fz ) tfor,FZ "M 0.40 <t <0.70 1 _ Dtcor,sup _ Dtczor,sup
TT026mm+08t, PN Fa = HHEEED . ke  2C, 8Ll
F2 = X, =1-
2 -d 2 2.
4.20 fugo ' lerrs G , 0.70mm<t_,, <100mm T, Db b (2D +3tconsup)
0.373mm cor k 6E/

F2 sup

ECCS, European Recommendations on the Stabilization of Steel Structures by

Sandwich Panels, CIB Publ, 379

, 2013,
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Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
cvurt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

o Za zvysené teploty

Analyticky model tuhosti

1
kv o~ 2 2 3
’ x. +2-(T-x.)-D-t 3-(T-x.)-D-t +t
F + cor,sup F cor,sup 4 F cor,sup cor,sup
k., AC,, 24E,|
kde
4
| | o — , Td,
(.Sup = 2400 N/mm* - \/l‘consupd1 ! 64
2
f i tfor ) 1 cor,sy cor,su
6.93Lu’ o , 040mm<t__ <070mm e
(- 0.26 mm + O.8tF2 ' [ F2 sup
F2 . 1 F >
f * t3 * 1 D2 D ' 2D+3tCOI’,SU
(2 s , 070mm<t_ ., <100mm + | )
0.373mm orfe ke, Cp 6E,/

ECCS, European Recommendations on the Stabilization of Steel Structures by
Sandwich Panels, CIB Publ, 379, 2013,
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Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
cvurt

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE

Analyticky model tuhosti

o Redukce modulu pruznosti

Reduction factors at temperature 6, relative to the value of f, or £,
at 20°C
Steel Reduction factor Reduction factor Reduction factor
Temperature (relative to £,) (relative to f,) (relative to E,)
for effective yield | for proportional limitf| ~ for the slope of the
E E /< 8, strength linear elastic range
0 £ . .
ky.H = f\'.E)/If\f kn.e = fp.(-l/fv kE..(-) = E:\ Q/Ea
20°C 1,000 1,000 1,000
kd e 100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
- 4
Ke o je redukce pro Sroub we | o 7T 050
1
. 400°C 1,000 0,420 0,700
nerez, EN 1993-1-2:2005,
. 500°C 0,780 0,360 0,600
prl IOha C 600°C 0,470 0,180 0,310
700°C 0,230 0,073 0,130
800°C 0,110 0,050 0,090
prispevek ke 4 je zanedbatelny e | 003 0065
1 1000°C 0,040 0,0250 0,040
1100°C 0,020 0,0125 0,0225
1200°C 0,000 0,0000 0,0000

EN 1993-1-2:2005, Eurocode 3: Design of steel structures - Part 1-2:
General rules - Structural fire design, CEN, Brussels, 2005,




Analyticky model tuhosti

o Redukce meze pevnosti

Reduction factors at temperature 6, relative to the value of f, or £,
Steel Reduction factor Rcdsélinf;clor Reduction factor
Temperature|  (relative to £;) (relative to f;) (relative to £,)
f — f for effective yield | | for proportional Timit | | for the slope of the
u, F 2 ) 9 u, F 2 P ) 9 6, strength linear elastic range
. ko = fuolfe koo = foolfs A
Uvod 20°C - 1,0569 : - I nggﬁ f - 1,0009
Experimenty kde 100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
Model MKP kp,@ je redukce pro vnitrni pleCh 300°C 1,000 0,613 0,800
400°C 1,000 0420 0,700
Validace pro oce lv 500°C 0,780 0360 0,600
Studie citlivosti EN 1993'1'22005, tab, 3,1 600°C 0,470 0,180 0,310
700°C 0,230 0075 0,130
Analyticky : 800°C 0,110 0,050 0,090
> n};ode}; NeredUkUJe Se pro 9 = 1 OOOC 900°C 0,060 0,0375 0,0675
_ 1000°C 0,040 0,0250 0,0450
Validace 1100°C 0,020 0,0125 0,0225
Shrnuti 1200°C 0,000 0,0000 0,0000

CvuT

EN 1993-1-2:2005, Eurocode 3: Design of steel structures - Part 1-2:
General rules - Structural fire design, CEN, Brussels, 2005,

CESKE VYSOKE
UEENI TECHNICKE
V PRAZE




Validace pro jadro z PIRu
= 20°C
~20
g 1 D =160 mm
(@]
* 1,5 —
/f\‘\/\/-\‘/ t-, = 0,4 mm
10 tcor,sup =8 mm
Uvod 05 —ccs
Experimenty
0,0
Model MKP 0O 1 2 3 4 5 6 7 8 9 10
Displacement [mm]
Validace —
< 200°C
Studie citlivosti g 20 A
(@]
Analyticky 15
model
1,0
>» Validace
Shrnuti 0> —ECCS
CVuT 00
0O 1 2 3 4 5 6 7 8 9 10
§E§§z{:§3:fcxe Displacement [mm]




>

Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

2,0

Force [kN]
P

Validace pro jadro z PIRu

300°C
D =160 mm
—ECCS
tr, = 0,4 mm
tcor,sup =38 mm
D
4 5 6 7 8 9 10
Displacement [mm] 450°C
20 A
15 e ECCS
2
¢ 10
9
Q51Ld—/’,z"“’*\>¢:::
0,0

0 1 2 3 4 5 6 7 8 9 10
Displacement [mm]



Validace pro jadro z mineralni vaty
il 20°C
Z 18
3 16 D =100 mm
i t-, = 0,5 mm
;'g tcor,sup =8 mm
Uvod 06
Experimenty 8; ——ECCS O
Model MKP 0.0 >
0 1 2 3 4 5 6 7 8 9 10
Validace Displacement [mm] 300°C
Z 18
Studie citlivosti g 16
. S 14
Analyticky .
model 10
. 0,8
> Validace 06
Shrnuti 04 e
~ 0,2
CVUT 0,0
ey 0 1 2 3 4 5 6 7 8 9 10
kb Displacement [mm)]




>

Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti
CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Validace pro jadro z mineralni vaty

18

1,6
14
— 12
pd
= 1,0
[}
£ 08
o
06
04
02
0,0

450°C

—ECCS

0

1

2

3

4 5 6 7 8 9 10
Displacement [mm]

2,0
18
16
14

Z 12

g 1,0
508
0,6
0,4
0.2
0,0

D =100 mm
t-, = 0,5 mm
tcor,sup =8 mm
600°C
e=fCCS
0 1 2 3 4 5 6 7 8 9

Displacement [mm]

10



Uvod
Experimenty
Model MKP
Validace
Studie citlivosti

Analyticky
model

Validace

Shrnuti

o Pro navrh tuhosti a unosnosti pfipoju panelu
|ze vyuzit navrh za bezné teploty

— Unosnost Ize redukovat fo=1, -k

— Tuhost Ize redukovat E.=E -k

redukCnimi souciniteli podle EN1993-1-2:2005

60



RS
JPRe

CvuT

CESKE VYSOKE
UCENI TECHNICK E
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