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Abschlussworte

Chair Alfred Strauss, Austria
Vice Chair Ana Mandić Ivanković, Croatia

Scope & Limitation

Ø 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. 

. 

Members Vladimir Benko, Slovakia Jochen Köhler, Norway Drahomir Novak, Czech Republic

Jose Matos, Portugal André Orcesi, France João André, Portugal

Roman Wan-Wendner, Austria Neryvaldo Galvao, Portugal Pierre Marchand, France 
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Venkatchalam Karthik, India
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Abschlussworte

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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“Probabilistic and Semi-Probabilistic Analysis of Slender Columns Frequently 
Used in Structural Engineering”
Authors: Alfred Strauss, Ana Mandic Ivankovic, Benjamin Täubling, Michael
Hauser, Dominik Skokandic, Jose Matos, Neryvaldo Galvao, Vladimir Benko,
Jakub Dobry, Roman Wan-Wendner, Kresimir Nincevic, Andre Orcesi.Journal
data: August 2021, Applied Sciences 11(17):8009, DOI:10.3390/app11178009
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Reliability deficit with 
standard-compliant slender columns

Prob. NLFEA
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Safety formats | worldwide
Round robin NLFEA modeling
NLFEA bearing capacity 37%
Amendment of NLFEA provisions



Structural Engineering Document 
(SED) Probabilistic Finite Element 
Analyses



SED Probabilistic Finite Element Analysis

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

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

u Sampling techniques
Test procedure and updating procedures

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

u Prediction models
Degradation modeling and service life modeling

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

u Safety formats and interpretation
Reporting for decision-makers
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Interfaces between old and new 
materials and components



Interfaces between old and new

Strauss, A.; Täubling-Fruleux, B.; Novák, D.; Novák, L.; Frangopol, D.M. (2024):
Advanced non-linear probabilistic modelling methods for the existing 100 m
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
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safety formats and levels 
modeling strategy and detailing
amendment of provisions
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Interfaces between old and new

safety formats and levels 
modeling strategy and detailing
ULS vs. SLS limit states

Strauss, A.; Täubling-Fruleux, B.; Novák, D.; Novák, L.; Frangopol, D.M. (2024):
Advanced non-linear probabilistic modelling methods for the existing 100 m
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



Characterization of 
Digital Twins for tunnel 
monitoring
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Strauss, A.; Beigel, A.; Sattler, F.; Täubling-Fruleux, B.; Seywald, C.; Neuner, H.;
Kostjak, V.; Frangopol, D.M. (2023): Digital twins and sensor monitoring for alpine
engineering structures: Applications for tunnels. [Life-Cycle of Structures and
Infrastructure Systems , Milano, Italy , 02.07.2023 - 06.07.2023] In: CRC Press, Life-
Cycle of Structures and Infrastructure Systems; ISBN: 978100332302. published
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Characterization of Digital Twins

applicable monitoring systems
proof loading up to ULS
required level of detailing
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Characterization of Digital Twins

Strauss, A.; Beigel, A.; Sattler, F.; Täubling-Fruleux, B.; Seywald, C.; Neuner, H.;
Kostjak, V.; Frangopol, D.M. (2023): Digital twins and sensor monitoring for alpine
engineering structures: Applications for tunnels. [Life-Cycle of Structures and
Infrastructure Systems , Milano, Italy , 02.07.2023 - 06.07.2023] In: CRC Press, Life-
Cycle of Structures and Infrastructure Systems; ISBN: 978100332302. published

safety formats and levels, 
modeling strategy and detailing



Service life of engineering details -
its extension 
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Service life of engineering details 

Data driven assessment 
to reliability based assessment
various levels triggering actions
relevance of NLFEA
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Service life of engineering details 

Data driven assessment 
to reliability based assessment
various levels triggering actions
relevance of NLFEA
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Service life of engineering details 

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



Conformity test procedures
Design formats vs. test formats
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Conformity test procedures

Production 
status

Minimum 
Number 

(n) of 
Results

1. Criterion 2. Criterion

Mean value of “n” 
Results (fcm) Individual Result (fci)

Initial Production 3 ≥ 𝑓!",!$%&+ 4 ≥ 𝑓!",!$%&- 4
Continuous 
Production 15 ≥ 𝑓!",!$%& + 1,48 ∗ 𝜎 ≥ 𝑓!",!$%&- 4

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

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

Production 
status

Minimum 
Number (n) 
of Results

1. Criterion 2. Criterion
Mean value of “n” Results 

(fcm)
Individual Result (fci)

Initial Production 3 ≥ 𝑓!",!$%&/0,92 + 4 ≥ 𝑓!",!$%&/0,92 - 4
Continuous 
Production

15 ≥ 𝑓!",!$%&/0,92 +
1,48 ∗ 𝜎

≥ 𝑓!",!$%&/0,92 - 4

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

Production	status
Minimum	
Number	(n)	
of	Results

1.	Criterion 2.	Criterion
Mean	value	of	“n”	Results	

(fcm) Individual	Result	(fci)

Initial	Production 3 𝑓!",!$%& = 𝑓!' − 4 ∗ 0,92 𝑓!",!$%& = 𝑓!( + 4 ∗ 0,92

Continuous	
Production 15 𝑓!",!$%& = N

O
𝑓!' −

1,48 ∗ 𝜎 ∗ 0,92
𝑓!",!$%& = 𝑓!( + 4 ∗ 0,92

Table.3: Calculation of the actual achieved characteristic strength from conformity tests according to 
ÖNORM B 4710-1

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

Required standard cylinder compressive strength values based on 
𝛽PQRSTP:fcd = fck × hcc × kct / gc

fcm,erf = max(fck /(1-1,645 × COV); fcd /(1-a × ßtarget × COV) / hcc / kct)

fck = fcm – 1,645 × fcm · COV

fcd = fcm - a × ßtarget · fcm · COV

serf = fcm,erf × COV

fck,cube = (fcm,cube -(1,48 × scube )) × 0,92

fcm = fcm,cube × 0,81

fcd = fck × hcc × kct / gc

ßvorh = (1- fcd / fcm)/(a· COV)

fcd = fcm - a × ßvorh · fcm · COV

Reliability level of test standards vs. design 
standards
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Conformity test procedures
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p 
[%

]

fc & fc,cube [N/mm²]

C25/30

COV 0,1 8 | fck 2 4,3  | ßvor 4,3

COV 0,1 6 | fck 2 7,6  | ßvor 4,6

COV 0,1 5 | fck 3 0,9  | ßvor 5,0

COV 0,1 4 | fck 3 4,2  | ßvor 5,3

fck 24 ,3  | dfck 0 ,0

fck 27 ,6  | dfck 3 ,3

fck 30 ,9  | dfck 6 ,3

fck 34 ,2  | dfck 9 ,9

fcm,cube = 44,4

fcm = 36,0

fck,cube = (fcm,cube -(1,48 × scube )) × 0,92

fcm = fcm,cube × 0,81

fcd = fck × hcc × kct / gc

ßvorh = (1- fcd / fcm)/(a· COV)

fcd = fcm - a × ßvorh · fcm · COV
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C25/30

COV 0,1 8 | fck 2 4,3  | ßvor 4,3

COV 0,1 6 | fck 2 5,3  | ßvor 4,7

COV 0,1 4 | fck 2 6,3  | ßvor 5,2

COV 0,1 2 | fck 2 7,2  | ßvor 6,0

fck 24 ,3  | dfck 0 ,0

fck 25 ,3  | dfck 1 ,0

fck 26 ,3  | dfck 2 ,0

fck 27 ,2  | dfck 2 ,9

fcm,cube = 44,4

fcm = 36,0

Reliability level of test standards significant higher as design 
standards
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