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OUTLINE

Basis of design (Clause 4 and related parts of Part 1-1 + EN1990-2)

• Reference limit state for assessment of existing structures
• Reference method of analysis for assessment
• Safety format for displacement-based assessment

• Confidence factors New partial factors 𝛾𝛾Rd,KL
• Relation to EN1990-2 Basis of assessment of existing structures

Data for assessment (Clause 5 and Annex A)

• General information and history
• Required input data

• Geometry, Construction details, Materials
• Knowledge levels

• KLG, KLD, KLM
• Preliminary analysis
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Basis of design
Reference limit state & method of analysis
Partial factors method
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BASIS OF DESIGN – Limit states & return periods

2

EN1998-3:2005 vs prEN1998-3:2023

• Limit states
• Part3’05 gave its own definitions
• Assessment ≠ Design, global ductility cannot be 

assumed, SD cannot be checked in lieu of NC as a 
measure of safety

• Nonetheless, the choice of how many and which LSs 
to check is left to Member States 

• Return periods (NDP)
• Part3’05 gave its own definitions
• NC: 2475 years (2% in 50 years) and 
• DL: 225 years (Part 1 had 95 years!)

EN1998-3:2005
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BASIS OF DESIGN – Limit states & return periods

3

EN1998-3:2005 vs prEN1998-3:2023

• Limit states:
• Part3’23 refers to Part 1-1
• Assessment ≠ Design: if a single LS is to be 

checked, it is NC 

• Return periods (NDP):
• Part3’23 refers to Part 1-1 
• NC: 1600 years for CC2
• Related to target reliability 𝛽𝛽t,LS,CC

→ safety format, later
• Lower values of 𝛽𝛽t,LS,CC, e.g., reflecting 

shorter residual life, explicitly mentioned as 
a possibility
• Decision by relevant authorities
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BASIS OF DESIGN – Reference analysis method

Force-based approach (FBA)

• This is a limited exception, since

• 𝑞𝑞 values for NC not available
• In general, ductility supporting 𝑞𝑞 for new structures 

(@SD) not available

• Permitted with 𝑞𝑞 lower than for new structures…
• …and NC intensity (i.e., 𝑇𝑇NC,CC2 = 1600 > 𝑇𝑇SD,CC2 =

475 years)

• In low, maybe moderate seismic action class, 
could lead to positive outcome → ok

• If negative → reanalysis with DBA

4

Displacement-based approach (DBA)

• This is the general method

• Tentatively advanced in Part3’05 
• Now possible for all structures (old & new)

• DBA is in Parts 1-1 to 5
• Based on nonlinear (static) analysis and 

deformation checks (+ force checks for brittle)
• Requires specific safety format to ensure same

safety as FBA, format should:
• Be not in contrast with assessment for

non-seismic design situations
• Reflect specific uncertainties in assessment
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BASIS OF DESIGN – Compliance criteria

Different uncertainties → different partial factors

Higher level reliability method
• Part1-1’23 introduces a method for probabilistic 

assessment (CC3b or CC4?)!

Partial factor method
• Design value of action effects 𝐸𝐸d
• Additional uncertainty in assessing a damaged 

structure
𝐸𝐸d = 𝛾𝛾Sd𝐸𝐸 𝑋𝑋d;𝑎𝑎d;∑𝐹𝐹Ed;𝐴𝐴Ed

• Design value of resistance 𝑅𝑅d
• A single partial factor 𝛾𝛾Rd replaces the 

confidence factor 𝐶𝐶𝐶𝐶 and material factors 𝛾𝛾c, 𝛾𝛾s, 
etc and describes all uncertainties

𝑅𝑅d =
1
𝛾𝛾Rd

𝑅𝑅 𝑋𝑋d;𝑎𝑎d;∑𝐹𝐹Ed;𝐴𝐴Ed
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e.g., 𝑁𝑁 + Δ𝑁𝑁
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BASIS OF DESIGN – Partial factors method

Design value of i-th material or product property

𝑅𝑅d =
1
𝛾𝛾Rd

𝑅𝑅 𝑋𝑋d;𝑎𝑎d;∑𝐹𝐹Ed

• No 𝐶𝐶𝐶𝐶 (un-calibrated) or material factors 𝛾𝛾c, 𝛾𝛾s, etc 
(calibrated for new construction), as in Part3’05:

𝑓𝑓cd =
𝑓𝑓cm

𝐶𝐶𝐶𝐶 ⋅ 𝛾𝛾c
• Design values are the mean from 

tests + other sources of information:
𝑓𝑓cd = 𝑓𝑓cm

• Care when combining data from different sources!
• Same values into model & verifications (ease of use)

• Note: different means can be used in different 
parts of the structure for the same property
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e.g., fib MC2010
𝑓𝑓cm(𝑡𝑡) = 𝑓𝑓cm 28 𝑒𝑒𝑠𝑠 1− 28/𝑡𝑡
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BASIS OF DESIGN – Partial factors method

Design value of i-th material or product property

• 𝑠𝑠ln 𝑋𝑋 ≅ CV when ≤ 0,3
• Very important parameter, always report it

• Reference values (NOTE 1):
• come from years of application of Part3’05-like 

national codes
• refer to intra-building values (larger values 

reported in the literature often come from 
meta-analysis not accounting for inter-building 
variability)

• NOTE2: If larger than reference values, it rings 
a bell, indicating either 

• Poor construction quality
• Possible unreliable testing

7
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BASIS OF DESIGN – Partial factors method

Design value of i-th material or product property

• Materials are classified in:
• Existing
• Added, i.e., new material used in retrofit,

e.g., concrete in a jacket
• New, new material in a new member,

e.g., steel in an exoskeleton

• Design value = mean always, unless the retrofit 
choice is to build a new structure to withstand 
the full seismic action
→ new structure designed as such

• Note:
• Mean values are used for both model and 

verifications in the DBA also for new structures
• Using 𝑓𝑓𝑚𝑚 or 𝑓𝑓𝑘𝑘 has no effect on safety, as long as 

partial factors account for this
(explicitly recognized in EN1990-2)
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𝑟𝑟

𝑓𝑓𝑅𝑅

𝑅𝑅d 𝑅𝑅m𝑅𝑅k

𝛾𝛾𝑚𝑚→𝑑𝑑

𝛾𝛾𝑘𝑘→𝑑𝑑

How have the new 
partial factors 𝜸𝜸𝐑𝐑𝐑𝐑
been calibrated?
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BASIS OF DESIGN – Partial factors method

Reliability bases for the new partial factors format
• Reliability-based calibration of partial factors is an optimization problem:

min
𝜸𝜸
�
i

𝑤𝑤i 𝛽𝛽t − 𝛽𝛽i 𝜸𝜸 2

• Reliability index 𝛽𝛽i 𝜸𝜸 is determined by reliability analysis of 𝑔𝑔i = 𝑅𝑅i − 𝐸𝐸i, where:
• The distribution of the effect 𝑓𝑓E and the uncertainty on resistance 𝜎𝜎R are known
• The fractile of resistance 𝑅𝑅ki is obtained through 𝐸𝐸di = 𝛾𝛾E𝐸𝐸ki = ⁄𝑅𝑅ki 𝛾𝛾R = 𝑅𝑅di and thus is function of 𝛾𝛾E𝛾𝛾R

• Simpler alternative, Design Value Method (ISO, 1998)
• Same used to calibrate 𝛾𝛾c, 𝛾𝛾s, etc for non-seismic design situations 
• Direct determination of 𝛾𝛾E and 𝛾𝛾R given 𝛽𝛽t
• EN1992 now gives it for assessment of existing structures in non-seismic design situations 
• If both variables are lognormal:

𝛾𝛾E =
𝐸𝐸di
𝐸𝐸ki

= 𝑒𝑒𝛼𝛼E
2𝛽𝛽t𝜎𝜎t𝑒𝑒−𝜅𝜅E𝜎𝜎ln E

𝛾𝛾R =
𝑅𝑅ki
𝑅𝑅di

= 𝑒𝑒𝛼𝛼R
2𝛽𝛽t𝜎𝜎t𝑒𝑒𝜅𝜅R𝜎𝜎ln R

• Used because of the constant values for 𝛼𝛼E = −0,7 and 𝛼𝛼R = 0,8 provided by König&Hosser (1982)
• New constant values were calculated for the seismic case 𝛼𝛼𝐸𝐸 = −0,91 and 𝛼𝛼𝑅𝑅 = 0,42
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𝛼𝛼E =
𝜎𝜎ln E

𝜎𝜎ln R2 + 𝜎𝜎ln E2

𝛼𝛼R =
𝜎𝜎ln R

𝜎𝜎ln R2 + 𝜎𝜎ln E2
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BASIS OF DESIGN – Partial factors method

Seismic-specific developments
• 𝜎𝜎ln E2 = 𝑏𝑏2𝜎𝜎ln S2 + 𝜎𝜎ln E|S

2  introduced (related to seismic hazard)
• 𝜎𝜎ln R2 = 𝜎𝜎ln r2 + ∑ 𝑐𝑐i𝜎𝜎ln xi

2 evaluated for all resistance models

• EN1998: no 𝛾𝛾E is used on seismic action→A single partial factor 𝛾𝛾Rd = 𝑒𝑒�𝛼𝛼R
∗ 𝛽𝛽t,LS,CC𝜎𝜎ln R is introduced

• It accounts for uncertainty on both 𝐸𝐸 and 𝑅𝑅: �𝛼𝛼R∗ = 0,85 > 0,42 (average over all seismic action classes)
• Part 1-1 (Annex E) provides target reliability (NDP)
• For existing structures 𝛾𝛾Rd,KL = 𝑒𝑒�𝛼𝛼R

∗ 𝛽𝛽t,LS,CC𝜎𝜎ln R because 𝜎𝜎ln R larger and (mildly) KL-dependent
• For this to work: 𝑇𝑇LS,CC = − ⁄𝑡𝑡L lnΦ 0,8𝛽𝛽t,LS,CC  (risk-targeted seismic action…)
• Part 1-1 (Clause 4) provides return periods
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Data for assessment
History, geometry, construction details and material properties
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DATA FOR ASSESSMENT – Sources

Two types:

• Relevant generic data sources (b)

• To fill in gaps in structure-specific information, or in 
the initial stage of assessment, to orient field 
investigations

• Structure-specific information (a,c,d):

• Available documentation (original design, design 
of subsequent interventions, material tests during
construction, etc)

• Field investigations, measurements (including
dynamic), material testing, made at the time of 
assessment

11
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DATA FOR ASSESSMENT – Data

History of the structure

• A structure-specific piece of info that may
provide input on a), e), f) → directs towards the 
correct generic information

• Assessment has general aspects and others that 
are very local in space & time:

• National codes
• Typical materials
• Design and construction practice

12
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DATA FOR ASSESSMENT – Data

History of the structure

• A structure-specific piece of info that may
provide input on a), e), f) → directs towards the 
correct generic information

• Assessment has general aspects and others that 
are very local in space & time:

• National codes
• Typical materials
• Design and construction practice
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Sample info on design practice and typical materials for 
RC construction in Italy, subdivided by period [De Risi 
et al 2022. “Modelling and Seismic Response Analysis 
of Italian pre-code and low-code Reinforced Concrete 
Buildings. Part I: Bare Frames.” J. Earthq. Eng., 1–32.]

National Annex!
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DATA FOR ASSESSMENT – Data

History of the structure
• Helps in identifying distinct homogeneous areas, to 

be treated separately for inspections & testing
• Typically considered for masonry structures, it is by 

no means limited to them
• Besides, mixed materials are a most common 

feature
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1950’s 1978 2000 2003

2005 2006 2009 2010

Airport terminal built starting in RC (NATO military airport, ACI code from the time) and ending with structural steel. Almost each addition was designed and built according to a different code…

An example of a building where
masonry from the 1200’s and 1800’s 

coexist with RC from the 1940’s

Dynamic unit

Single property
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DATA FOR ASSESSMENT – Data

Categories of data and Knowledge Levels

• Categories are the same as in Part3’05

• Geometry
• Details
• Materials

• Knowledge Levels are different

• One for each category (KLG, KLD, KLM)
• Can have distinct values

• Minimum
• Average
• High (formerly ‘complete’)

• Values can be non-uniform over the structure

15
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DATA FOR ASSESSMENT – KL identification

Geometry (KLG)

• Table 5.1: different combinations of
original + new information

• Geometry can be derived from:
• Structural outline drawings
• Detailed construction drawings

16

Structural outline drawing
Beams & columns visible

Architectural drawing
Columns only visible
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DATA FOR ASSESSMENT – KL identification

Geometry (KLG)

• Table 5.1: different combinations of
original + new information

• Geometry can be derived from:
• Structural outline drawings
• Detailed construction drawings

17

Outline drawing

Detailed drawing
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DATA FOR ASSESSMENT – KL identification

Extension of geometrical survey

• Percentage of elements to be inspected depends
on the size of the structure (decreases with it):

𝑚𝑚 = 𝑝𝑝 ⋅ 𝑛𝑛
is not linear in 𝑛𝑛

• Table 5.2: values are related to statistical
uncertainty on the geometrical dimensions, which is
accounted for in 𝛾𝛾Rd

• Direct link between survey and verifications

• Accessibility:
• Avoid inspecting too many similar members, just 

because easily accessible
• Horizontal members more difficult to inspect + often

less relevant (Limited is enough)
• Survey should cover the entire structure

• Model cannot be set up without geometry

18
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DATA FOR ASSESSMENT – KL identification

Preliminary analysis

• Tool allowing to focus inspections on details and 
tests on materials on limited areas

• Displacement-based analysis:
• NC spectrum & Assumed mean properties
• Masonry: nonlinear
• RC: linear (full spectrum)

• Mean properties (assumed)
• 25% cracked stiffness
• Including masonry infills if irregular
• D/C ratio of i-th member and k-th floor

𝜆𝜆ki = 𝜃𝜃ki
𝜃𝜃y
→ 𝜆𝜆k = ∑i 𝑉𝑉ki𝜆𝜆ki

∑i 𝑉𝑉ki
→ max 𝜆𝜆k critical floor

where 𝜃𝜃y = 2𝜙𝜙y𝐿𝐿V
3

and 𝜙𝜙y = 𝑐𝑐 𝑓𝑓y
𝐸𝐸𝑠𝑠ℎ

19
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DATA FOR ASSESSMENT – KL identification

Details (KLD)
• Only detailed drawings can be used
• Destructive methods preferred
• Reliable non-destructive (calibrated) permitted

20

10𝜙𝜙𝜙𝜙

Bars in the top layer are not of the same type: TOR bars
and regular deformed bars. This cannot be detected
with non destructive techniques.

DT

NDT
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DATA FOR ASSESSMENT – KL identification

Materials (KLM)
• A matrix similar to those given in Tables 5.1 and 

5.2 could be given for RC or steel, but it cannot
be generalized to masonry & timber

• Destructive methods can mostly be avoided
with the latter materials

21

Single flat jack (𝜎𝜎)

Double flat jacks (𝜎𝜎 − 𝜖𝜖)

Diagonal compression (shear strength)
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DATA – Material-specific provisions: RC

Geometry
• Lateral load-path in both directions
• Members’ size
• Orientation of one-way floor slabs
• Eccentricities

Details
• Amount of longitudinal (including

slabs for T- & L-sections) & transverse
reinforcement

• Seating length for simply supported
members

• Lap-splices
• Lap-splices cannot be reliably

established w NDT
• Most often cover removal done at

mid-height → 𝑙𝑙𝑜𝑜 not inspected,
must be assumed < 𝑙𝑙𝑜𝑜,𝑚𝑚𝑚𝑚𝑚𝑚

22
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DATA – Material-specific provisions: RC

Materials

• Original design information can be from:
• Specifications in report or drawings
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Concrete: 𝑅𝑅𝑐𝑐 > 214 𝑘𝑘𝑘𝑘
𝑐𝑐𝑚𝑚2

Steel quality Aq42
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DATA – Material-specific provisions: RC

Materials

• Original design information can be from:
• Specifications in report or drawings
• Tests performed at time of construction

24

�𝑅𝑅𝑐𝑐 = 368
𝑘𝑘𝑘𝑘
𝑐𝑐𝑚𝑚2
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DATA – Material-specific provisions: RC

Concrete strength

• All other properties can be derived from 𝑓𝑓𝑐𝑐
• A mix of destructive & non-destructive tests
• Identification of homogenous areas as a 

minimum through structural joints
• NDT can be used for this

• NDT first, then cores where NDT performed
• Calibration of correlation

e.g., RILEM: 𝑅𝑅 = 7,695 × 10−11𝑉𝑉2,60𝐼𝐼1,40

• NDTs required: 𝑚𝑚 = 𝑝𝑝𝑝𝑝 (𝑝𝑝 = 𝑝𝑝1𝑛𝑛−𝑐𝑐, Table 5.2)
• Core strength should be corrected for:

• 𝐷𝐷 (obviously smaller than standard to
limit invasiveness)

• Aspect ratio (often 1 < ⁄𝐻𝐻 𝐷𝐷 < 2, to
limit invasiveness and for rectification)

25

Ultrasonic
EN12504-4

Rebound hammer
EN12504-2

Core extraction EN13791
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DATA – Material-specific provisions: RC

Steel properties

• Visual identification (after cover removal):
• w/o original documents → KLM1
• + Design report or detailed drawing → KLM2
• + Original test reports → KLM3

• DT on steel: regular tensile test

• NDT on steel: hardness test
• Need calibration vs DT as NDTs on concrete
• Bar should be uncovered «just enough». If 

too much concrete removed, vibration 
problems can alter results

• Small diameter bars should not be tested, 
bar curvature makes difficult probe 
positioning and alter results

26

• Bars segments extracted with a grinder
• After extraction, bar segment of larger diameter welded to ends of 

original bar, covered with a protective bi-component grout & 
reduced shrinkage concrete used to restore the cover

• Usually done at positions where cover removed for visual 
inspection or if critical elements have small sections, from larger 
elements like walls



Conclusions
Basis of design and data for assessment
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CONCLUSIONS

Basis of design
• Assessment is carried out with respect to Near Collapse LS
• Return period is linked to target reliability 𝛽𝛽t,LS,CC and default is 1600 years (<2475 years)
• Displacement-based approach is the reference method

• Force-based approach permitted in low & moderate, with low 𝑞𝑞
• Mean values used for material properties both in model and verifications
• No mix of uncalibrated confidence factor and 𝛾𝛾c, 𝛾𝛾s but reliability-based 𝛾𝛾Rd,KL 

Data for assessment
• Three distinct knowledge levels for Geometry, Details and Materials
• After information on Geometry is collected, preliminary analysis can be used to direct 

inspections on Details and tests on Materials
• Mix of destructive and non-destructive techniques allowed

• Details: preference for DT
• Materials: larger proportion of NDT

• Total number of surveyed sections, inspected details and material tested increases less than 
linearly with structure’s size

27
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