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Nelinearni analyza a simulace jako nastroj pro navrhovani a posuzovani
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Nelinearni analyza ZB kontrukci v praxi

Bezpecnostni formaty — fib Model Code 2010, Eurokody
Modelové nejistoty

Oveéreni a soutézni slepé predpovedi

Priklady vyuziti
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Motivace: V praxi ale navrhujeme a posuzujeme Casto

Standartni modely pro posouzeni konstrukci jsou vyvinuty a rozmérné konstrukce slozitych tvaru:
zaloZeny na jednoduchych experimentech a konstrukénich tvarech. =

/‘
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Pro nelinearni vypoCty se nej€astéji pouziva MKP s tzv. ,Smeared-crack” formulaci
a modelem pasu trhlin (crack band model)

Structure
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I [ ; 1t pu 1o,
md — ! e = —
-l e L 2y &
. L
m s “‘%n .r
77777 ////;‘//;// p red i Cto r: CO rreCtO r:
& =
Non-linear Solution: Bu
c=D¢e¢ 6 = F.e)
P 1T T C:) o T T
R |- K k=|B'DBdv  r=|B'odv
: v v
,(_, Equilibrium:
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Ngo & Scordelis (1967)

Rashid (1968)

Cervenka V. & Gerstle (1971)
Suidan & Schnobrich (1973)

Lin & Scordelis (1975)

De Borst (1986)

Rots & Blaauwendrad (1989)
Pramono & Willam (1989)

Etse (1992), Lee & Fenves (1998).

Bazant, Z.P. & Oh, B.H., 1983.
Crack band theory for fracture of concrete.
Materials and Structures, RILEM 16 (3), 155-177.
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i Critér P Model pasu trhlin
Ran 'novo ,rlterlum ) f' finite-slemeant (Crack band model)
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zmékC&ovani
¥
Gf Wi =g Lt
7 7 .« . WtC
Chovani v tlaku - plasticita Model pasu drceni
Willam & Menetrey kritérium poruSeni (Crush band model)
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Lomové - plasticky model: ortotropni Smeared-crack model, Cervenka et. al. 1998, 2008
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Specialni elementy pro analyzu zelezobetonu

concrete smeared reinforcement bar reinforcement

external cable
anchor

deviator
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Formaty spolehlivosti pro nelinearni analyzu
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CERVENKA

Crack Width
Codl
0.00993
0.00794
0.00596
0.00398
0.002

Shrnuti bezpe€nych formatl pro Nelinearni Analyzu
fib model 2010, navrh Eurokéd — Annex F (N0217)

0.0015
0.001
0.0005
0
Time: 95.0000
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License 4001
Cervenka Consulting
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——A-3-7-40 (Fine Mesh)
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VKA CONSULTING
OVERENIi MEZNiCH STAVU UNOSNOSTI (MSU) GLOBALNIM PRISTUPEM

Linearni Nelinearni

P
H-l a F
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NELINEARNi ANALYZA ODOLNOSTI — FIB MC2010, EC2 - 2022

Rm (X m : anom )
)/Rm de

E,<R, R/"

Pramérné materialové parametry X -
Materialovy soucinitel )/R
Metody posuzovani:
PFM
GFM-ECOV

PIné pravdépodobnostni (Full Probabilistic)
Soucinitel modelovych nejistot de

CERVENKA CONSULTING
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Navrh dle .
Eurokédu Metvc?d-a d|!C|ch analyza
souCinitelu
EN 1992-2 R —_m cm?J ym fo=11f 1
d — sm sk analyza
VRm Vra Ve Yoy =12x1.06 =127
Navrh dle (Cervenka V. 2008) ' k v
Eurokédu Ve =exp(ag BVs) analyza
o, B=3.04
Plné 1 o, — souCinitel odolnosti (0.8)
pravdépodobnostni Rd = R((XR ﬁ) B — index spolehlivosti (3.8) 22;32
(Full probabilistic) Vra
Mosty 2023 PRAGUE. 07E0H REPUBLIG
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Modelové Nejistoty

Specifické pro dany projekt —

Vliv metody/modelu =

predpoklady modelovani, velikost site,
okrajové podminky,

citlivost na ruzné vstupni parametry
Ize FeSit navody a Skolenim

nahodna promeénna, lze statisticky popsat

CERVENKA CONSULTING
MOSty 2023 PRAGUE, CZECH REPUBLIC
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MODELOVE NEJISTOTY jako nahodna proménna
Metody hodnoceni zalozené na experimentalnim oveéreni

R
O = test ) .
— R Vstupni data , i—C. vzorku

simulation

Bezpecnostni sou€initel modelovych nejistot

exp(ag fxV)
YRd =
Rozsahly soubor dat — log-normal PDF Ho
o= 1
Omezeny soubor dat — Student’s PDF T exXp(fp=0.112(n =1)x¥p)

Mosty 2023
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Pripadové studie MSU 33 pripadu

Rozsah parametru:

Smykové zkousky protlaceni 15
Guandalini S., Muttoni A,
EPFL, Lausanne
Hallgren M., KTH Stockholm

Zpusoby selhani:
kfehkost (beton), duktilita (ocel)

S nebo bez smykové vyztuze

Smykové zkousky velkych nosnikt 7

Beton:
Collins M.P,, et al.,Toronto sron NSC. HSC
Ohybové zkousky nosnikii 11 2 h velikosti:
Debernardi P.G., Torino ozsaa1 ;2:1 ::,s " méfitko 1:40

Cervenka V, Cervenka J, Kadlec L. 2018. Model uncertainties in numerical simulations of reinforced
concrete structures. Structural Concrete; 19(6): 2004—-16 https://doi.org/10. 1002/suco.201700287

CERVENKA CONSULTING
MOSty 2023 PRAGUE, CZECH REPUBLIC
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Smykova zkouska protlaceni, Guandalini, S. And Muttoni, A., EPFL, Lausanne,

Hallgren, M., KTH, Sweden

Principal Strain
I,
9]

001s
00131
0011248
000927
00074968
000562
00037452
000187
-63632-006
deformation scale:
7263

Time: 100000

ATENS

w64 W.50.18826
License 4001
Cervenka Consulting
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Soucinitel modelové nejistoty
pro nelinearni vypocet

Shrnuti vysledku z literatury

Zplisoby
poruseni

Ho

Vo | Vha

Protlaceni 0.971 0.076 1.16

Smyk 0.984 0.067 1.13

Ohyb 1.072 0.052 1.01

Vsechny
zpusoby
poruseni

0.979 0.081 1.16

Cervenka V, Cervenka J, Kadlec L. Model uncertainties in numerical

2004-2016.

Table BG-F.1:

related model uncertainty partial safety factor yra.

Characterization of model uncertainty random variable from different literature references with the

Model uncertainty 9 Partial
Type of RC : ici safety
Reference | Type of NLA iy Failure mode Probabilistic | Mean value ;O\f:;glt?:r: Tickor
distribution Hs Vs YRa"
2D finite Different failure
lements modes due to
Castaldo l(é Iannelstress)' Deep beams, 'both conzrete
etal 2018 P ! walls, shear X Lognormal 1.01 0.12 145
incremental crushing and
[12] 3 panels 5
monotonic reinforcement
loading yielding
Different failure
Castaldo | So it Btsprioete
et al. 2020 : Shear walls ; Lognormal 0.88 0.13 1.35
(plane stress): crushing and
13 j _ _
cyclic loading reinforcement
yielding
3D finite Slabs Punching 0.97 0.08 1.16
Cervenka ele‘meﬁts Beams Shear 0.98 0.07 1.13
et al. 2018 (brick); Lognormal
15 i incremental Beams Bending 1.07 0.05 1.01
5y monotonic
ioading Slabs, Beams | All 0.98 0.08 1.16
Mainly ductile
(failure
characterized 1.04 0.05 1.02
extensive : . .
5L reinforcements
3D finite yielding)
Engen et ele»mel_ns Beams, deep Mainly brittle
{brick); ' >
al. 2017 | = tal beams, walls, (failure Lognormal
[15] mcrer:req 8 frames characterized by
monotonic concrete  crushing
loading without  or  with 114 D32 102
limited amount of
reinforcements
yielding)
All 1.10 0.11 1.04
1D finite Buckling (failure
elements characterized by
; fiber- concrete  crushing s
Gino et al. (beam: fher RC slender without yielding of 0.15— 1.15-
beam); Lognormal 1.04 - -
2021 [14] : tal columns reinforcements  or 0.18*¢ 9%
|ncremen. a both concrete and
monotonic reinforcements  still
loading in elastic field)

~' the values of vra are derived considering 50 years reference life reliability index Bix= 3.8 and a.= 0.32.
** the range bounds the influence of sources of significant/limited level of experimental uncertainty within the tests sets considered for
investigation of model uncertainty [14].

simulations of reinforced concrete structures. Structural Concrete; 2018:

Mosty 2023

17

Source CEN-TC250_SC2-WG1-TG6_N0273_Background_info_Annex F
Diego Gino, Pol. Torino
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Validace, Vysledky mezinarodnich soutézi
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Predikce

Mezinarodni
soutéze v
predpovedi
chovani zlb. kci.

place

: o ATENA analysis by
e i Dr. Joop den Uijl, Delft i -

CERVENKA CONSULTING
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TORONTO TES " &

Collins, M.P,, et al.: Challenge of Predicting the Shear Strength of Very ThICk Slabs.
Concrete International, V.37,No.11, Nov. 2015,

CERVENKA CONSULTING
MOSty 2023 PRAGUE, CZECH REPUBLIC
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ATENA simulace Psim= 745 kN

0.017
0.015
0013
0.011
0.002
0.007
0.004
0.002
0.000

Deformation scale:
5.000000000
Time: 1.00000
ATENA

64 V. 5.4.011701:11°
icense demo

CERVENKA CONSULTING
Mosty 2023 PRAGUE, CZECH REPUBLIC

21 WWW.CERVENKA.CZ



University ]

_—

=

Industry University Industry = Te—Cs
28 Predictions 16 Predictions (kN) (kips) 33 Predictions 33 Predictions )
3 T.§997 kN 3 L
m | m Tod773kN |
= 899 kips 3200 849 kips 3200
700 T x 700 +
*
- 3000 T 3000
650 T L 2 650 T
Flexure
R ® L] - 2800 2730 kN " T 2800
4 Flexure 5 = i 600 T
o ¢ o) 2730 kN P-?%{{s_ﬁps - 2600 ] " 4 2600
‘ e ACI East
550 + ] ST TR L 2400 550 T 2530 kN 4 2400
sm.:-...-----------. .22w 500‘. . ‘.22m
o ° ACI Sectional ACI West
450 T e 2090 kN - 2000 450 T 2090 kN . T 2000
® a -
00+ ¢ o : - 1800 400 + o 1 1800
o ¢ kN e *
. sl ./ . 1600 250 R . + 1600
Predikce ATENA P CoAsectonal | o e EC2 -
/a(.. ® 1485 kN R e
u @
L AR - 1200 T 1200
250 T Australian
~ 1000 1002KN 2000
2w--
- 800 fib + 800
702 kN
150 + —_—— -
- 600 T 600
]
100 + : w
o ita ® American | i
© Canadian = 685 kN = 154 Kips
501 50 + 4 * © Canadian
, ¢ European T 200 [ ™ oE T 200
: A\ . uropean s
ZAPAD e0ther | ey s o Other VYCHOD
0 0 0
CERVENKA CONSULTING
MOSty 2023 PRAGUE, CZECH REPUBLIC
22 WWW.CERVENKA.CZ



Jack P. Moehle

RVENKA CON

UC-Berkeley — smykové poruseni masivniho nosniku/pruhu zdkladové desky — soutéz, 2021

POPAYe W

NSULTING

Professor, University of California Berkeley
Jerry Zhai | PhD Student, University of California Berkeley
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Toronto
2015
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Force [kN]

:
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PLS4000E
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Displacement [mm]

simulation

30

PLS4000W

Principal Stain
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010978
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Time: 79.0000

ATENA

x647.51.110728
e 4001

Cervendka Consulting

Principal Strain
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3]
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012291
010535
008779
007023
005267
003511
001755
“1e-005

Time: 222.000

ATENA

x64V.51.110729

License 4001

Cervenka Consulting

Berkeley
2021

P [kN]

Principal Strain
Max.

0.078
0.068
0.058

0.029
0019
0010
0.000

Time: 143.000

ATENA
64 V. 5.9.0.20489

2500
2000 id
=—Sim. 1
1500 — - Sim. 1, default, sf 100
= =Sim. 1, default
1000 —Sim. 2
— - Sim. 2, default, sf 500
500 cees Exp 1
s Exp 2
0
0 10 20 30 40 50 60 70 80 90 100 110 120
Smrstovani!!!
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Vyznam smykové tuhosti pro beton s trhlinami
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Priklady praktického pouziti nelinearni analyzy v praxi
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Historicky most Nymburk,
posouzeni kapacity mostu

4x2045=8180 L 4x2045=8180
6x2000=12000 16360 6x2000=12000

1 39975 ﬁf |
\ 40360 "

| 4 7~ |
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Vysledky pri maximalnim zatizeni,
MSU, Bézny provoz

Kapacita 28.35 t i
Drceni betonu v misté podpor

s
AM&&Y 7
OO
XX
":’ﬂ'ﬁ'lﬁﬁ'&

s

7 )

Principal Strain

Min,

s [
0.000675
0.000240
-0.000195

.| -0.000630
-0.001085
-0.001500
-0.002500
-0.003500
-0.003939

Time: 330.000

ATENA

x64 V. 5.7.0.18020
License 4001
Cervenka Consulting

Stress
Sigma XX
[\iPa]

Time: 330.000

ATENA
*64V.57.0.18
License 4001
Cervenka Cons

a—

WX
X

KAy %
’VA

/
A

A
X/

0
X

X\
v
(4

4

Vysledky MSP

kombinace zatizeni

Sitka trhlin 0.1 - 0.3 mm

Crack Width

Cod1

[m]
0.000889
0.000500
0.000300
0.000100
0.000080
0.000060
0.000040
0.000020
0.000000

Time: 205.000
ATENA

x64 V. 5.7.0.18020

License 4001

Cervenka Consulting

Crack Width

Cod1

[m]
0.000889
0.000500
0.000300
0.000100
0.000080
0.000060
0.000040
0.000020
0.000000

Time: 206.000

ATENA
x64 V. 5.7.0.18020
License 4001

Cervenka Consulting
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Kontrola kapacity mostu

Vlastni tiha Provoz Teplota

>(0.85:1.35-G)|+ 1.35- DH

Smrst'ovan
Y(E76-C)HVop DHYor Wor TIHYo, S
15-0.6-T+]| 1.0-s

Celkova historie zatézovani

45.00 | 14
e \ormal traffic, position critical for supports
40.00 o
12
Normal traffic, position critical for columns ’
35.00 1
e \ormal traffic, position critical for mid. section 10 7
30,00
= =
2 25.00 S 8
g c
g 20.00 % . e N ormal traffic, position critical for support section
°E‘b g e [\laximal capacity 28.35t, reaction 12.51MN
g B Zakladni poZzadovana o
3 |9 4 Reference required capacity 20t, reaction 12MN
10.00 H
kapacita
5.00 70 t 2
0.00 -~ 0 ,
0.057 0.059 0.061 0.063 0.065 0.067 0.069 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Maximal arch deflection [m] Maximal mid-arch deflection [m]
CERVENKA CONSULTING
MOSty 2023 PRAGUE, CZECH REPUBLIC
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Collapse

Deterioration
Spalling of
concrete cover

Cracking of concrete

5. 5
5% :
2 5 £ : 5
AR ik |
| ] |
€0, 1 1 I I
0 tini o tasp Lend
Initiation (induction) phase Propagation phase
le »le »l

i i >

IniciaCni/indukC€ni faze — faze kondi ve chvili, kdy koncentrace chlorid( dosahne kritické hodnoty (0.4-0.6% v kg/kg pojiva) v
hloubce vyztuze a zaCne pUsobit koroze.

Vliv trhlin — pro tradi¢ni materidly z cementu, trhliny 0.3 mm zkrati iniciaCni fazi pfiblizné 5 krat pro Sifeni chloridl v

betonu oproti pfipadu bez trhlin. (Kwon 2009, 2011) _ x
Ct) =G ll —erf (zx/Dm(tIf(w)tJD]

Faze Sireni koroze — probiha koroze vyztuze a vznikaji expandujici produkty. Zrychleni viivem trhlin

; . L .
xcorr(t) = 00116%01’1’(0: xcorr(t) = ftini 0-0116lcorr(t)Rcorrdt: d(t) = din;i — lpzxcorr(t)

CERVENKA CONSULTING
Mosty 2023 PRAGUE, CZECH REPUBLIC
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Schéma analyzy trvanlivosti: plUsobeni chloridu

3D MODEL
4 N—Jp— V>

MODEL
VIRTUALNI
DVOJCE
_ Y,

)

Surface loaded by chlorides Increased reinforcement corrosion

Chlorides
Concentrrf

0.015
0.014
0.013
0.012
0.012
0.011
0.010
0.009
0.008

Evolution 1D:

Reinf Corrosion
Total

[-]
Time: 4.00000
ATENA

x64 V. 6.0.0.14429:14.

License 4001

Cervenka Consulting

3006

corr

due to the presence of cracks
Model koroze vyztuze

[1] Liu Y, Weyers R.E., Modeling the Dynamic Corrosion Process in Chloride Contaminated Concrete Structures, CCR, 28(3), 365-367, 1998.

i, =0.926-exp {7.98 + 0.77711n(1.69Cm, ) B 0.000116R,. +2.24¢ "

D MODEL

Mosty 2023
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ViAsTNOSTI DIGITALNIHO DVOICETE

Kratkodobé chovani: Dlouhodobé chovani:

= statické/dynamické/cyklické zatéZovani
» nelinearni materidlové chovani
(trhliny betonu, poddajnost vyztuZze)

» nahodné scénare

= pUsobeni chloridl/karbonatace

koroze vyztuze
dotvarovani a smrstovani
ASR/AAR mechanismy

Mosty 2023
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Pilotni Studie 1: Wonka Bridge, Pardub
Repu(bb'ﬁgl': 50+70+50m

konstrukce postavena v roce 1959

ce, Czech

= typ konstrukce: pfedepjaty komorovy most
vnitfni injektované a volné dodateCné predepjaté
ka bfly v v“!&“ |
= zatiZeni: silniCni provoz a enviromentalni zatiZeni ;¢
(chloridy, posypova sul)

= Rekonstrukce probéhla v roce 2006

Pricny fez uprostied rozpéti nosniku:

24 000
7 400 : | _ 1I’fj@/(_t¢b;dné
p— NN kabelysue
g @ Q @ Volné vnéjsi- s NI
7777777777777777 @@ @0 @ @ @@ @@ ® ka b e I J \ \h’.
5500 y
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Pilotni Studie 2 : Vogelsang Bridge, Esslingen, Germany

= 8 subkonstrukci se 3 rozdilnymi konstruk€&nimi typy
vystavba v letech 1971 - 1973, celkova délka 595 m

= meéfeni a analyza pro 2 rozpéti (13.8 + 13.2 m)

= Typ konstrukce: prib&Zny nepfedepjaty ZB nosnik
s vySkou 0.6 m

= zatizeni: silniCni provoz a enviromentalni zatiZeni

CERVENKA CONSULTING
Mosty 2023 PRAGUE, CZECH REPUBLIC
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Pouzity monitorovaci systém

= tenzometry ve spojeni s laserovym snimaCem

= vhodné pro zatiZeni nad 3.5 tuny

= instalovano na spodni stranu desky — nedojde k naruSeni provozu
= tenzometry jsou kalibrované pfed mérenim

= poskytovatel: iBWIM technologie od Petschacher Consulting GmbH

tenzometr

o

‘I' | .
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ch203: eps_xx; ch204: eps_xx

200

100

Right field bott. microstrain
M ch203 MAX_STRAIN: eps_xx[llch204 MAX_STRAIN: eps_xx

20
Time

30

40

YV oy, s

~Kalibrace modelu — simulace projizdéjiciho kamionu

50

—

. Vs

- L] =
e ——gdle monitorova =0
- _ e = = Y e, e " .. ' LA

— A - - - 4 =

Crack Width
Cod1
[m]

0.000228
== 0.000152
= 0.000075
0.000050
{1 0.000040
0.000030
{ 0.000020
| 0.000010
0.000000

Deformation scale:
1.

Time: 1.00000
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Sledovani vysledku

= doba sledovani: 61 dni (2018)

= nahrana data: rychlost vozidel, vaha, zatiZeni o . '
0.06
rozloZeni naprav, vzdalenost mezi ndpravami, atd. 2 oos £ o
. . , 2 004 3 b
= data k dispozici pro vyhodnoceni E o 5 .
= |ze ziskat Casovy prubéh dopravy 002 )
0.01
| V=137emss  GW-543t0 'mtmo D128 13N ¥ By 0.00 . 0 » - - - o . o = o
2000 ] Pl — mp(02) Gross Weight(Tonnes) e
~mpoa
—a2(05)
h fa2(05)
E I | o | v ec|ve ow aeslengniaza] a ) T s |y
- 21(08)
] — 20180825 ;25;.2 391
1116 47.4 4 80 59.4 “~°7 19.96 1250 7 23.7 15.590 4.477
] 07:00:50 9.0
500—- 64 3-55

samples

TST: Cas a datum, ID: Cislo akce, V: rychlost [km/h], AC: poCet ndprav, VC: tfida vozidla, GW: hruby odhad
vahy vozidla [t], Axles: vaha ndpravy [t], Length: vzddlenost mezi prvni a posledni ndpravou, A2A: vzddlenost

mezi ndpravami [m], Q: kvalita uloZeni [%], T: teplota, S: primérné namdhani [107], y: pfiénd vzddlenost [m]
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1305.9
I 1064.2
8225

580.8

= 3301
97.3
-144.4
386 1
6278

merické vysledky: Simulace pretizeni

!,
|

I

‘E L ————— e T ST~ > - — — S
' e B o] B N 0 0

= kolaps dochazi v dusledku drceni betonu nad podporou — rozvoj diagonalnich trhlin
= nadmérny pruhyb uprostfed nosniku zpUsobuje kolaps

= zpUsob poruSeni neni ovlivnén korozi vyztuze

Stress (R2)
Sigma XX
[MPa]

416.7
3124

EQ Plastic Strain
Strain Value

0.00000
-0.00070

L-D diagram , ATE":‘AZS-OOOO ;:“EEI:IAZSIOOOO
o ; Smykové s shgans ey
E 80 , , Cervenka Consulting Cervenka Cons
g drceni tlakové Te&eni vztus
. . . eCeni vyztuze
x 20 z
L o dlag’onaly Y L« (mékka vyztuz v podélném sméru)
Mid-span deflection [m] OkOII pOdpor
CERVENKA CONSULTING
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Posouzeni zZivotnosti: Wonka Bridge

Normalized load [-]

Oyears:mean —=—-1.35xG+1.5%XQ
150 years:mean ----1.35xG ——-Wonka: mean
——— Oyears:char. e G ——&—Wonka: char.
-7 150 years:char. . ® Concrete -3.5p o —0O—Wonka: ECOV
{ Wonka Bridge — 2.0
18 |t Forg
] ‘'O
1.6 ]
14 S
1.2 &
1.0 | > ]
=
0.8 -"é
0.6 oy 05 P
0.4 S
©
0.2 g 0 0 1 1 1 1 1
0.0 S — e =
0.025 0.175 0.375 0.575 1959 2009 2053

Mid-span deflection [m] Year [-]

pusobeni chloridl -> sniZzeni inosnosti konstrukce
robustni design poskytuje dobrou odolnost konstrukce pfed poSkozenim

kolaps konstrukce je hlavné zapfiCin€én drcenim betonu v okoli podpor

2109

ECoV metoda (fib MC 2010):

variaCni koeficient:
1 R,,
VR = 165 1n<Rk)
souCinitel globalni odolnosti:

Yr = exp(agr B Vr) = exp(3.04 Vg)

navrhova odolnost:
R

YR VRd

R4 Ecov =

Navrhové posouzeni:

Eq < Rggcov

Mosty 2023
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Vogelsang Bridge: 150 let puisobeni chlorid

Chlorides
Concentrrf

0.00889
0.00830
0.00771
0.00713
0.00654
0.00595
0.00536
0.00478
0.00419

koncentrace

chloridu
u»x 060 6 70 75

Step [-]

Deflection [mm]

80

Reinf Corrosion

1.00
0.88
0.75
0.63
0.50
0.38
0.25
0.13
0.00

koroze vyztuZe € 2
5 o ;
z g 50
LLX . ° 60 65 70 75

Co

napéti ve vyztuZi

trhliny
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Deflection [mm]

Deflection [mm]

60 65 70 75 80

Step [-]

Crack Width

Cod1

[m]
0.013587
0.001000
0.000500

0.000367
0.000233
0.000100
0.000067
0.000033
0.000000
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Posouzeni zivotnosti : Vogelsang Most SRN

Normalized load [-]

—— O vyears: 7 Ve e 7 7
—— 50 years: Posouzeni zivotnosti: porovnani
—— 100 years p
150 years ¢ drceni betonu I
2.0 1.6 k
1.8 L
16 [ > 14 _
' S Jolnosti:
14 | g 1.2
12 I LS s R ————————. . xp(3.04 V)
bD -
1.0 _j -E 0 8 |
gel ’ |
08 F/ 2 o6 |
0.6 - = 1
04 [ g 04 ——Vogelsang Bridge, Esslingen -
! = ; (Rd
0:2 e 02 - —-@-Wonka Bridge, Pardubice
00 6 0 O 1 | 1 | 1 1 1 1 1 1 1
00 0 z
0O 25 50 75 100 125 150 i
"B X%
Age [years] Ohybové poruSeni I !
= kong o y p S pik
maximalnim zatizeni
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Zaver:

Nelinearni analyza ZB konstrukci je dulezitym nastrojem v inzenyrské praxi

Formaty spolehlivosti pro nelinearni analyzu jsou k dispozici

Pri praktickych aplikacich dulezité vyhodnotit a uvazovat modelové nejistoty

Soutéze v slepych predikcich jsou uzite€né a zabavné, ale vypovidaci hodnota je nékdy sporna

Aplikace nelinearni analyzy v praxi roste a proto jsou dulezité vhodné spolehlivostni formaty, pravidla a navody

Vysledky z projektu:
CK03000023 “Digitalni dvojCe pro zvySeni spolehlivosti a Zivotnosti betonovych mostU”

'
g‘_ GAC R s finan&ni podporou TA CR

C 20-01781S — Modelovani nejistot v bezpe&nostnich formatech betonovych konstrukei, GACR
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Concrete Engineering & Software Solutions

Dékuji za pozornost

S finanéni podporou Technologické Agentury Ceské republiky, projektu CK03000023

“DiGITALNI DvoICE PRO ZVYSENI SPOLEHLIVOSTI A ZIvoTNOSTI BEToNovYcH MosTU”

Jan Cervenka

jan.cervenka@cervenka.cz

CERVENKA CONSULTING
Mosty 2023 PRAGUE, CZECH REPUBLIC

43 WWW.CERVENKA.CZ



