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Chair Alfred Strauss, Austria
Vice Chair Ana Mandic¢ Ivankovi¢, Croatia
Members | Vladimir Benko, Slovakia Jochen Kohler, Norway Drahomir Novak, Czech Republic
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Scope & Limitation

» TG1.4 focuses on systems, continuum mechanics, engineering structures, static and dynamic aspects, time-dependent
aspects, linear and nonlinear material and system aspects, finite element methods (FEM), discrete element methods
(DEM) and associated methods, partial safety factor and reliability index/probabilistic based safety formats.
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Mission Statement/Objectives

In this period of TG1.4, the basic reliability concepts of probabilistic non-linear finite element
modelling of performance-based assessment with a focus on service life assessment in conjunction
with reliability and safety concepts are addressed. The proposed methodology is verified using case
studies from the design of structural components and the importance of quality assurance in the
service life assessment of civil engineering structures is demonstrated. We have also confirmed that

reliability and quality assurance criteria are closely related. Therefore, a methodology for quality-based
service life assessment is presented and elaborated on the basis of case studies.
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Reliability deficit with

Section A-A

Section D-D

standard-compliant slender columns
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“Probabilistic and Semi-Probabilistic Analysis of Slender Columns Frequently
Used in Structural Engineering”

Authors: Alfred Strauss, Ana Mandic lvankovic, Benjamin Taubling, Michael
Hauser, Dominik Skokandic, Jose Matos, Neryvaldo Galvao, Vladimir Benko,
Jakub Dobry, Roman Wan-Wendner, Kresimir Nincevic, Andre Orcesi.Journal
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M-N DIAGRAM, C45/55 - 1st Round
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Fig. 9: Performance graphs of the slender
column made of concrete C45/55 based on
the code-based characteristics
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Fig. 10: Performance graphs of the slender
column made of concrete C110/115 based
on the code-based characteristics
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Structural Engineering Document
(SED) Probabilistic Finite Element
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SED Probabilistic Finite Element Analysis

» Non-linear finite element modelling
Design and validation of solution strategies, modeling uncertainties

» Limit state formulations
Serviceability, load-bearing capacity, durability, linear and non-linear

» Sampling techniques
Test procedure and updating procedures

» Stochastic models and databases
Historical and new materials, geometries, load models | Code-based

» Prediction models
Degradation modeling and service life modeling

» Analysis and interpretation | Proofloading & monitoring
Probability theory instruments, sensitivity formats

» Safety formats and interpretation
Reporting for decision-makers
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Strauss, A.; Taubling-Fruleux, B.; Novak, D.; Novak, L.; Frangopol, D.M. (2024):

Advanced non-linear probabilistic modelling methods for the existing 100 m Safety fo rmats a nd levels

high columns of the Jauntal railway bridge.[11th International Conference on
Bridge Maintenance, Safety and Management IABMAS 2024, Copenhagen,

Denmark, 2024], In: CRC Press. Submitted mOdeling Strategy and detailing
amendment of provisions
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o Interfaces between old and new JCSS A ABSE
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Strauss, A.; Taubling-Fruleux, B.; Novak, D.; Novak, L.; Frangopol, D.M. (2024):

Advanced non-linear probabilistic modelling methods for the existing 100 m Safety fo rmats a nd levels

high columns of the Jauntal railway bridge.[11th International Conference on
Bridge Maintenance, Safety and Management IABMAS 2024, Copenhagen,

Denmark, 2024], In: CRC Press. Submitted mOdeling Strategy and detailing
ULS vs. SLS limit states
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Characterization of
Digital Twins for tunnel
monitoring
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Characterization of Digital Twins J1CSS A ABSE
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Strauss, A.; Beigel, A.; Sattler, F.; Taubling-Fruleux, B.; Seywald, C.; Neuner, H.;

Kostjak, V.; Frangopol, D.M. (2023): Digital twins and sensor monitoring for alpine a p p li Ca b le m O n itO ri n g SySte m S

engineering structures: Applications for tunnels. [Life-Cycle of Structures and

Infrastructure Systems , Milano, Italy , 02.07.2023 - 06.07.2023] In: CRC Press, Life- p ro Of loa d i ng u p to U LS
Cycle of Structures and Infrastructure Systems; ISBN: 978100332302. published
required level of detailing
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Characterization of Digital Twins
' B . 3 ' X - displacement sidewall-area
v -: :"F Parameter Value 250 -
o x fise 50 MPa
e load plates Young modulus E 30000 MPa
T I reinforcement Poisson-ratio H 0.2 2m "
< Tenston strength £ 3.598 MPa

Compressive strength £ -39 MPa
Eracture energy, (MC2010)  1.237*10-* MN/m

Crown arca

sidewall arca

force in kN
=

Material Model
bottom area concrefe non-linear 3D cement model 50 L
plane deformation stats,

remnforcement linear material model

0 1 1 J
00 02 -04 -06
displacement 1n mm

o Lasertracker ——FEM V3

JCSS A aBSE

X - displacement sidewall-area error rate in x-direction
500 ¢
300% r
400 | 250% |
- 500 | 200% |
t 150%
g 2001 100% | *
o
100 50% +
0 | | | J 0% B
0 04 2 3 4 5 stidewall
displacement in mm Evi Bv2 BV3

—u— Tachymeter ——FEM V3

Strauss, A.; Beigel, A.; Sattler, F.; Taubling-Fruleux, B.; Seywald, C.; Neuner, H.;
Kostjak, V.; Frangopol, D.M. (2023): Digital twins and sensor monitoring for alpine Safety fO rm atS a n d leve '.S,

engineering structures: Applications for tunnels. [Life-Cycle of Structures and

Infrastructure Systems, Milano, Italy, 02.07.2023 - 06.07.2023] In: CRC Press, Life- m Od e li ng St rategy a n d d eta i li ng

Cycle of Structures and Infrastructure Systems; ISBN: 978100332302. published
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Inspektion R

Erfassung des Erfassung geometrische

visuellen Abmessungen,

Zustandes Steherprofil, Paneel Typ

k // A
Modellstufe I -
Standardmaflige Berechnung
nach Norm RVE 04.01.01
Abminderungs

matrix: aus

Versuchen abgeleitet

Monitoring
Einwirkungsseite

Monitoring
Widerstandsseite

A

i
i

LAt (i idididi2ididididididid

A

LM

ZKy Vorspannkraft aus vis. Inspektion,

Modellstufe II a -

Anpassung der
Standardmafligen

Berechnung nach Norm RVE
04.01.01 durch vis. Informat.

Reduktion der Spannungsschwingbreite
Vis. Zustandsklasse ' Reduktionsfaktor
ZKy | Yzky

ZKy 1 | 0.4

ZKy 2 | 0.6

ZKy 3 | 0.8

ZKy 4 | 1.0

ZKy 5 | 1.0

Modellstufe II b -

Anpassung der
Standardmafiigen

Berechnung nach Norm RVE
04.01.01 durch Monitoring

A

Data driven assessment

Modellstufe II ¢ -

Anpassung der
Standardmafiigen

Berechnung nach Norm RVE
04.01.01 durch Monitoring

A

Strauss A.

~to reliability based assessment
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Bestimmung der Lebensdauer - Visuell detektierte Schiden & Modellstufe II a - Auf visueller Inspektion
Normberechnung basierte Lebensdauerprognose

5.1 [ T T T T T T T T T T T
Q

¢ Schwingbreite, ZKy 4 , | Tech. Lebensdauer It. RVE 04.01.01
AF = 15kN | A6 = 95N /mm e Visuelle Zustandsklasse 4 =

vollstandiger Verlust der
Vorspannkraft

Schwingbreite, ZK; 3
AF = 12kN | Ac = 76N /mm?

. Tech. Lebensdauer It. RVE 04.01.01
e Visuelle Zustandsklasse 3 = starker
Verlust der Vorspannkraft

& Schwingbreite, ZKy, 2
AF = 9kN | Ae = 57N /mm? ZKy 1

Tech. Lebensdauer It. RVE 04.01.01
e Visuelle Zustandsklasse 2 = leichter
Verlust der Vorspannkraft

Reliability Index (3

e . | @ |:Data driven assessment

Schwingbreite, ZK, 1 ... 9 ZK,, 5

Pr L “to reliability based assessment
0 5 10 15 20 25 30 35 40 45 50 SI5 60

Technical Lifetime [Years] various levels triggering actions
relevance of NLFEA
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Service life of engineering details CSS M ABSE

Standard 7 __é Calculation according to
ekl itori il E RVE 04.01.01
Calculation based Monitoring based Installation Probability based _§ g y E
condition 0 Z = tqps = '
. o = < (0] =
Fastening Do 0 o =
system 18 EBL5 = AN .
A A A S g— T
' N4 A4 N ( N 5 8> M= F - @ver
N S m
Model stage Model stage | | Model stage | | Model stage| |Model stage|| |Model stage S L 0 ‘_ M /
| lla b llc ]| \") Liever
: ®- ",
| Y a) Ideal b) Non-Ideal c) Non-Ideal d) Non-ldeal e) Non-ldeal '
Degrading structure ncreasing Accuracy Installation Installation 1 Installation 2 Installation 3 Installation 4 ' Fg
Inclined Displaced Poor surface Deformed ‘ = /AS
threaded bolt components condition components i

Load step 2: +10kNm

Action Force Load step 1: Preloading

Action Force

o
— = <
Fa = Fa1 +Fp Fa = Fy +Fa Load step 3: -10kNm )
800 / 10° S
V/aN -
Tensile St o 790 Mopigh: 3 E
ensile Stress / >
g Ao N\ Notch 3 Z
Fx,i My,i zZ PL(; \ case 50 8
i oxx(z) = = + o "z o e 10 / I Ig
i Ayl 2 NORM \'_ g's
9] = 2
3 Aopreo Il | ;— E
L Reaction Moment AcPLg A“"Lll(?f’ o | -
‘ o 4 6 8
| Mpi=F,-e 0 2 4 6 8 10 12 14 16 18 10 10 10
Reaction Force a) Ideal Installation Cross-section A-A [mm] Thyy  Thyopy — d@desN
F L F % Redctlol] Force z 0DB: Job-1.0db Abaqus/Standard 3DEXPERIENCE R2019x  Mon Aug 21 09:39:07 W. Europe Daylight Time 2023 “\Z =30 000 =700 000
ri = Fa =
a) Ideal Installation b) Non-Ideal Installation 1 Fri=F,

P-NLFEA strategy for adapting service life design
formulation and the monitoring and assessment concepts
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Conformity test procedures

Minimum 1. Criterion 2. Criterion

Production Number Mean value of “n”

status (n) of Results (f. ) Individual Result (fg)
Results om
Initial Production 3 > fck,cube"' 4 > fck,cube' 4
Cont
P(::;I;;?;: 15 = fck,cube + 1»48 *0 = fck,cube' 4

Table.1: Conformity criterions for compressive strength according to EN 206

» Due to the storage conditions for the samples in Austria this results in the following:

_ Minimum 1. Criterion 2. Criterion
Production
Number (n) Mean value of “n” Results .
status Individual Result (f;)
of Results (fem)
Initial Production 3 > (fer.cupe/0,92) + 4 > (fercube/0,92) - 4
Continuous > (f, /0,92) +
15 ck,cube/ Y > 92)-4
Production (1,48 * o) 2 (fetecune/092)

Table.2: Conformity criterions for compressive strength according to ONORM B 4710-1

Minimum 1. Criterion 2. Criterion
Production status | Number (n) | Mean value of “n” Results Individual Result (i)
of Results (fcm)
Initial Production 3 fck,cube = (fcm —4) % 0,92 fck,cube = (fci +4) x 0,92
COHZLI'HLIO.LIS 15 fck,cube = (fcm - fck,cube — (fci + 4) * 0,92
Production (1,48 = a)) * 0,92

Table.3: Calculation of the actual achieved characteristic strength from conformity tests according to

ONORM B 4710-1

Strauss A.

JCSS A aBSE

Conformity testing of sample for cylinder compressive strength
values & converted existing B

Sekcuve = Uem,cuve ~(1,48 = Ouype )) - 0,92
Jem = Jem,cuve * 0,81

Jea =Jex *Nee* Kee/ Ve

Pyorn = (1= fea ! fem)/(a COV)

Jea = Jem = O Prorn " fom W COV

Required standard cylinder compressive strength values based on
Prardet nee kee/ e

Jemerr = Max(fo /(1-1,645 - COV); foq /(1-0L - fS14ger - COV) /mec/ k)
for =fom — 1,645 - 1., - COV

Jea = Jem = O Prarges " fom” COV

Ourt= Jemerr - COV

Reliability level of test standards vs. design
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e Conformity test procedures
femcube 6.5 COVpe fckcube — fem fek fed Besisting e
N/mm?  N/mm? N/mm?  N/mm?> N/mm*  N/mm?
Priiflos 042
SBT2.1 | C25/30(56)/IG 41,7 2,5 0,06 349 33,7 28,3 16,0 10,8 0.10
SBT2.1 | C25/30(56) IXAT-B/G 45,8 51 0,11 35,2 37,1 28,5 16,1 6,3 .
SBT2.1 | C25/30(56)/1G 49,1 28 006 414 398 335 19,0 11,4 £
SBT2.1 | C25/30(56) IXAT-B/G 46,4 39 0,08 374 37,6 30,3 17.1 8,0 0.06
SBT2.1 | C25/30(56)/BS-TU/C3Afi 46,3 4,2 0,09 36,9 37,5 29,9 16,9 1,5 008
SBT2.1 | C25/30(56) I/BBG/G 55,5 4,8 0,09 44,5 449 36,0 20,4 19
SBT2.1| C25/30(56)I/BBG/G/IXAT 500 45 009 398 405 32 183 75 /
SBT2.1 | C25/30(56) IXAT-B/G 44,7 33 0,07 36,6 36,2 29,6 16,8 9,1 000 —====
20.0 25.0 30.0 35.0
SBT2.1 | C25/30(56)/IG 49,9 4,9 0,10 39,2 40,4 31,7 18,0 7,0
téo 10’0 0.12
£ 90
E 8,0 0.10
g 7,0 0.08
£ £
L T
9, 40 -- 0.04
ﬂ ’
% & @ \ e(JO/ e(JO/ eé} @é/ e&b eé’p - ///
N \ A A & A A
\°>°\ N o0 Q@b & 4 & N \’5& \’5& \’3& & \’50( \’35\K 0.00 =
’f? (o\o, (’}’ <9\°) '\f’ N\ N\ (0\0) (’}’ P QQ %Q .<’>Q QQ <')0 200 25.0 30.0 35.0
\Q/ 9 N7 ) ,-1:.\' f\:.\' 19 \ LYY KT Y Y
IR WU & & & & & &
LN é\ N QAT 9 9N Qf)\ @ ,b@o &% @ ,bé?o ,b«\%
< éb/\’” 3 (_?g\’lf $ ég\’” S O ¥ o O Y Y

JCSS A aBSE

C25/30

e COV/ 0,18 | fck 24,3 | Rvor4,3

COV 016 |fk253 |Rvord,7

COV 014 |fk263 |Rvors,2

COV 0,12 k272 | Rvor6,0
fk24 3 | dfck0,0

fk25,3 | dfck1,0

fck 26,3 | dfck2,0
fck27,2 | dfck2,9
- = fom,cube =44,4

fam =36,0

45.0 50.0

55.0
fc & fc,cube [N/mm?]

60.0 65.0 70.0 75.0 80.0

— COV 0,18 | tck 24,3 | Bvor4,3

COV 0,16 |fk276 | Rvord,6

COV 0,15 |fk309 |Rvors,0

COV 0,14 | fck342 |Rvors,3
fck24,3 | dfck0,0
fck27,6 | dfck3 3
fck30,9 | dfck 6,3
fck34,2 | dfck9 9
----- fem, cube =44,4

fem =36,0

45.0 50.0 55.0
fc & fc,cube [N/mm?]

60.0 65.0 70.0 75.0 80.0

Reliability level of test standards significant higher as design

standards
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