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21 Fundamental requirements EN1998 3:-2005
BASIS OF DESIGN - Limit states & return periods ()P The fundamental requirements refer fo the state of damage in the structure.

herein defined through three Limit States (LS). namely Near Collapse (NC), Significant
Damage (SD), and Damage Limitation (DL). These Limit States shall be characterised

EN1998-3:2005 vs prEN1998-3:2023 2 follows:

LS of Near Collapse (NC). The structure 15 heavily damaged, with low residual lateral
strength and stiffness, although vertical elements are still capable of sustaining vertical
. . loads. Most non-structural components have collapsed. Large permanent drifts are
° Ll m |‘|‘ S'I'O‘I'es present. The stmcture is near collapse and would probably not survive another

. o ey earthquake. even of moderate intensity.
« Part3'05 gave its own definitions

LS of Sigmficant Damage (SD). The structure is significantly damaged. with some

* Assessment # Design, global ductility cannot be sesidual ateral stength and stiffues, and vertical elenents e capable of sutaiog

have not failed out-of-plane. Moderate drifts are present. The structure can

assumed, SD cannot be checked in lieu of NC as a e s e e b T e 3 ey o T meni
measure of safety epar

* Nonetheless, the choice of how many and which LSs ot ptvted o SEnns yling s s pength 1) s

to check is left fo Member States o ey o

are negligible. The structure does nof need any repair measures.

MNOTE The defimtion of the Linmt State of Collapse grven in this Part 3 of Ewrocode 8 15 closer

° Return periods (NDP) meeufuhm@hmmhmlw&lzzmmmm
. L. 1 teqhhﬁ@nf&ehﬁ:mﬁmmﬂnf&es’r;m@dm@.ﬂg_lmtﬁhm

« Part3'05 gave its own definitions oo ot i hee defined o Limis State of Simificsms Damase. o

« NC: 2475 yedars (2% in 50 yeOrs) and ()P The National Authorities decide whether all three Limit States shall be checked,

 DL: 225 years (Part 1 had 95 years!) or two of them, or just one of them

MNOTE The choice of the Linut States will be checked in a country, among the three Limit States
defined in 2.1(1)P. may be fourd in the National Annex.

(3)P The appropriate levels of protection are achieved by selecting, for each of the
Limit States, a return period for the seismic action.

MNOTE The retwm periods ascribed to the various Limit States to be checked in a country may be

found in 1tz Natonal Annex. The protection normally considered appropriate for ordinary new

buildings 1= considered to be achieved by selecting the followmg values for the retwrn periods:

— LS of Near Collapse (NC): 2.475 years, comresponding to a probability of excesdance of 2% m
50 years

- IS}ncf Sigmficant Damage (5D): 475 years, comespondmg to 2 probability of exceedance of
10% 1o 50 years —

. — LS of Damage Limitation (DL): 225 years. comesponding to a probability of exceedance of
Paolo Franchin 22" November 2023 20% in 50 years. 2
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BASIS OF DESIGN - Limit states & return periods
EN1998-3:2005 vs prEN1998-3:2023

e Limit states:
 Part3'23 refers to Part 1-1
« Assessment = Design: if asingle 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 By 1.s cc
— safety format, later

« Lower values of By 1scc. €.9., reflecting
shorter residual life, explicitly mentioned as
a possibility

« Decision by relevant authorities

4.1 Performance requirements

(1) The performance requirements shall refer to the state of damage in the structure, herein described
through the Limit States (LS) defined in prEN 1998-1-1:2022, 4.3(1).

(2) Aseismic action should be associated with each Limit State to be verified. This seismic action should
be characterised by its return period Tiscc according to prEN 1998-1-1:2022, 4.3(3), or, alternatively, by
a performance factor jiscc according to prEN 1998-1-1:2022, 4.3(5).

NOTE The minimum values to be ascribed to Tisce or, alternatively, to yiscc for each type of selected existing
structure, for use in a country, can be provided by the relevant authorities or can be found in the National Annex.
They can be lower than those used for new structures, if lower values of uis.cc are accepted for existing structures
with respect to those specified for new structures by the relevant authorities or in the National Annex (see the note
in prEN 1998-1-1:2022, 4.3(3)). Lower values of Ziscc in the service life fL can reflect a shorter residual service life
of an existing structure. In the absence of such requirements, the choice of the corresponding value can be agreed
for a specific project by the relevant parties.

(3) The seismic performance of the structure should be verified for the full set or a subset of the four
Limit States; as a minimum, the Near Collapse LS should be verified.

NOTE1 Since existing structures in general do not possess the adequate ductility ensured in new ones by means
of capacity design and detailing for local ductility, verification of the LS of Significant Damage for a certain intensity
does not necessarily imply verification of the LS of Near Collapse for a higher one.

NOTE2 The types of structures to which this standard applies in a Country and the choice of the Limit States to
be verified in a country for each type of existing structure can be found in the National Annex or can be elsewhere
provided by the relevant Authorities., and they can be different from those used for new structures. In the absence
of such requirements, the choice of additional Limit States to be verified can be agreed for a specific project by the
parties involved.

Paolo Franchin
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BASIS OF DESIGN - Reference analysis method

Force-based approach (FBA)

 Thisis a limited exception, since

« g values for NC not available

« In general, ductility supporting g for new structures

(@SD) not available

« Permitted with g lower than for new structures...
® ...Oﬂd NC iﬂTenSiTy (i.e., TNC,CCZ = 1600 > TSD,CCZ -

475 years)

* Inlow, maybe moderate seismic action class,
could lead to positive outcome — ok
- If negative — reanalysis with DBA

4.1 Performance requirements

(4) Inapplication of prEN 1998-1-1:2022, 6.1(4), in the cases of low and moderate seismic action class
(prEN 1998-1-1:2022, 4.1(4)), the seismic performance of structures may be verified by means of the
force-based approach, using the g values in 6.3.1(1) and the seismic action for the Near Collapse LS.

NOTE The force-based approach relies on global ductile behaviour and redistribution capacity of the structure.
Its application to existing structures is thus approximate and only reduced values of g, corresponding to member
overstrength, can be used. As a result, the method is conservative. If the outcome of the verification is negative, this
can be due to this conservatism, rather than to an actual deficit of the structure. The state of the structure can be re-
assessed via a more accurate displacement-based approach to calibrate the retrofit design.

Displacement-based approach (DBA)

e Thisis the general method

« Tentatively advanced in Part3'05
 Now possible for all structures (old & new)
« DBAisinParts 1-1to 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 confrast with assessment for
non-seismic design situations
« Reflect specific uncertainties in assessment

Paolo Franchin

22nd November 2023 4
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BASIS OF DESIGN - Compliance criteria

Different uncertainties — different partial factors

Higher level reliability method
« Part1-1'23 infroduces a method for probabilistic
assessment (CC3b or CC42)!

Partial factor method

« Design value of action effects Ey4

« Additional uncertainty in assessing a damaged
sfructure

Eq = vsqaE{Xq; aq; X Fea; Ard}

il

Commission

4.2 Compliance criteria for existing structures

4.2.1 Specificity of existing structures

(3) When designing a structural intervention for resistance against seismic actions, structural
verifications should also be made with respect to non-seismic situations.

(4) Different sets of material and structural partial factors should be used, as well as different analysis
procedures, depending on the completeness and reliability of the information available.

4.2.2 Verification rules

(4) Unless higher level (reliability) methods are employed (prEN 1998-1-1:2022, Annex F), safety
verifications should be carried out using the partial factor method, according to prEN 1990:2021, 8.

(5) Design values of action effects (Ea) should be expressed according to prEN 1990:2021, 8.3.2.1(1),
including all relevant actions for the seismic combination (permanent, variable, seismic). For the
application of this general expression in the present Eurocode part, the following definitions of symbols
should be applied.

%a is a partial factor considering uncertainty in modelling the action effects, depending on the
state of the structure, and being equal to 1,0 for undamaged structures, and 1,15 otherwise;
Agd is the design value of the seismic action, appropriate for the Limit State to be verified (see

4.1(3)).

(6) Design values of the resistance (Ra) should be expressed according to the general expression given

" . . \‘I in prEN 1990:2021, 8.3.5.1(1). For the application of this general expression in the present standard, the
' ° D@Slg N va I ue Of res |STC| nce Rd | following definitions of symbols should be applied.
I . . 1
1o A S”’]gle pthQI fCIC'I'O[’ YRd reploces The 1 ke is a partial factor accounting for uncertainty in the resistance (strength or deformation)
H fd f _I_ CF d _I_ . | f _I_ H model, calculated according to note 2 of prEN 1998-1-1:2022, 6.7.2(1);

1
i confiaence ractor an marterial Tactors VC' ys ! HE.€¥ is the design value of the i-th material or product property. For existing materials Xy is
! e‘l‘c a nd d eSC” bes O” ] ncer‘l‘Q”’]hes ! obtaingd from tests of in situ properl‘iejs and from additional sources of ipfonnal‘ion,
! ! according to 5.5(1) to (3). For added materials, design values are obtained according to 5.5(4)
! 1 ! and (5), respectively.
: R d — R {X d» ad ) ZF Ed» A Ed} i NOTE The partial factor jza accounts for: a) target reliability; b) uncertainty in the relevant variables describing
: ]/Rd %/—/ I geomefry, details and material properties entering the resistance model, including their statistical uncertainty of
: : estimation based on limited sample size, plus the model error of the resistance model itself The values of
\\_________________________________________g_.g._,_ly_:l—__A_Iy _____________________ _,’ logarithmic standard deviation as a function of KL are given in this standard.

Paolo Franchin

22nd November 2023 5
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BAS'S OF DES'GN - Partlal faCtorS method 5.5 Representative values of material properties
(1) For existing materials, design values of material properties Xy for calculating resistances to be used
H i H in local verifications, should be taken as the mean. Mean values should be obtained from testing and
DeSIQn Value Of I th materlal or prOdUCt property additional sources of information, and different mean values may be considered in different areas of the
structure, as appropriate, based on test results.
NOTE The variability of the material properties and the associated uncertainty of estimation based on a limited
number of test values are accounted for through KL-dependent partial factors 4, specified for each resistance
Rd — ]/_R{Xd; aq ZFEd} model, as ailiuntction of KLG, KLD ar‘;d KLM in thegrelevantgubcla:sgsr;fB to 1t1. s “
Rd
* No CF (un-calibrated) or material factors y., ys, €fc = =+ o+ s BT 1
(calibrated for new construction), as in Part3’'05: R | I I
é 300 ,I ///K( 4 : :
fed = fem . ///D// W SONREB |l e i .
CF - y. e.g., fib MC2010 | | @ cores 20085 ;
« Design values are the mean from fcm(t) _ fcm(28)es(1—\/28 /) ® cores BT o
tests + other sources of information: s N HPNE T T
fed = fem L % e = I
g ] | ]
« Care when combining data from different sources! S e rJ R A R
« Same values into model & verifications (ease of use) 1| oo0o0000ga iy T 1| s b
| eeeeeE | |
i OOCOCCOOOo | [ i i
: L T i e % ARk
 Note: different means can be used in different e — il '
parts of the structure for the same property I il Eullll EEREEREEEE
( I =i |
fc IMPQ]

Paolo Franchin 22nd November 2023 6
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BASIS OF DESIGN - Partial factors method 5.5 Representative values of material properties

Design value of i-th material or product property

® Sll’l X = CV Wh en S 0,3 (2) The standard deviation of the natural logarithm si,x of relevant test values (i.e. tests on the existing
. . material and in the area of the structure under consideration) should always be reported, unless the
¢ Very Im porTO nT pOrO mefer: a |WO YS re porT IT properties are not derived from testing of in situ materials, as is the case for KLM1 for reinforcing steel,
timber and masonry.
¢ Reference VOlueS (NOTE ] ) . . NOTE1 Standard deviation of the natural logarithm of material strengths within the same structure are,
« come from years of application of Part3'05-like indicatively, in the ranges:
H - Infill walls: 0,20 to 0,40
nononol COdeS o e - Concrete: 0,10 to 0,20
« refer to intra-building values (larger values - Reinforcing steel: 0,05 to 0,10
reported in the literature offen come from © St steck 09510010
. . . . . - Timber: 0,15t0 0,2
rT]e‘l-O_GnOlySIS nOT Occounhng for lnTer—bUlldlng - Masonry: 0,20 to 0,30 (specific values are provided in Annex D, Table D.1)
variability)

NOTE2 Standard deviation of the natural logarithm of material properties determined from tests that lie above
the upper bounds of the indicated ranges indicate poor construction quality and a lower confidence in the estimated

° N OT E2 . |f |O rg er -I-h an refe rence va | ues , i-l- ri N gs mean values. In these cases, it is recommended to increase the level of testing of material properties.

a bell, indicating either
« Poor construction quality
« Possible unreliable testing

Paolo Franchin 22nd November 2023 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., sfeel 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 f,, or fi has no effect on safety, as long as
partial factors account for this
(explicitly recognized in EN1990-2)

il

5.5 Representative values of material properties

(3) For existing materials, when the properties are not derived from testing of in situ materials, as is the
case of KLM1 for reinforcing steel, timber and masonry, mean values should be obtained from standards
in force at the time of construction (steel and timber), considering also a) and b):

a) For concrete, the mean value may be obtained from the characteristic value as given by Formula
(5.2).
fem = fox + 8 MPa (5.2)

b) For steel and timber, characteristic values usually specified in codes should be converted to mean
values accounting for the appropriate standard deviation for the identified steel or timber,
assuming normal distribution.

NOTE1 Appropriate standard deviation values are those given in NOTE 1 to (2).

NOTE 2 Additional information is given for masonry in Annex D, D.2.

(4) Foradded materials, design values of material properties X; for calculating resistances to be used in
local verifications, should be defined as the mean. The mean may be derived from the characteristic value
as indicated in (3).

(5) Fornew materials, design values of material properties should be:

How have the new
partial factors yrq
been calibrated?

Rde Rm

Paolo Franchin 22nd November 2023 8
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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 ) wilf~ AL

1
- Reliability index B;(y) is determined by reliability analysis of g; = R; — E;, where:
« The distribution of the effect fg and the uncertainty on resistance og are known
« The fractile of resistance Ry; is obtained through Eg; = ygExi = Rki/Yr = Rgi and thus is function of ygyr

« Simpler alternative, Design Value Method (ISO, 1998)
« Same used to calibrate y,, ys, etc for non-seismic design situations
« Direct determination of yg and yr given p;
« EN1992 now gives it for assessment of existing structures in non-seismic design situations O &

« |f both variables are lognormal: , OE=
Eqi /02 + o
YE = ﬂ — etO'te—KEO'Irl E B Oln R InR InE

R > 7 ot
ki 2 OmRr 1 OlnE
YR="7"T"*= eto-teKRo-ln R

Rai
« Used because of the constant values for ag = —0,7 and ag = 0,8 provided by Konig&Hosser (1982)
« New constant values were calculated for the seismic case ay = —0,91 and az = 0,42

Paolo Franchin 22nd November 2023 9
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BASIS OF DESIGN - Partial factors method 'S as® t o .
- . 4% 1 = E|s record-to-record |

Seismic-specific developments "= Bl record-iorecord var 4 &
E Sl / o

* o = b%oi s + ojy s iInfroduced (related to seismic hazard) £

: 2 * evaluated for all resist del G 2 s
* ol =00rt+X(comyx ) evaluated for all resistance models
12 _ ; ol : - Total uncertainty in resistance (New RC members)

CV= "o 'LIJ"’W' // CVi=35% pd Model Section Omy | Omr
20% " */\ —_ 008 e Oy Rectangular 0.20 | 0.22

._l_:;‘;}%(} Mei:)an: ] ||__:c{]_{]6 =3 < Circular 0.15 0.17 l
Fa ot uop upe £ i Other (e.g., hollow) | 0.20 0.21

S :’,,‘/‘ e Table 3. Target reliability. Pso: by LS and CC. YRrd ’

' ‘ 002 [+ LS | cCl | CC2 | CC3a | CC3b T
5 retvaisn N NC 175 | 233 256 261
o 0 002 004 006 008 Ol D 1.20 1.60 1.76 2.00

Bupreal] Ouexp[~] DL | 038 | 050 | 055 | 063 VRakL > 1,55

«  EN1998: no yg is used on seismic action—A single partial factor ygq = e®®PrLsccomr js introduced
« It accounts for uncertainty on both E and R: ag = 0,85 > 0,42 (average over all seismic action classes)
« Part 1-1 (Annex E) provides target reliability (NDP)
« For existing structures yrqxL = e®RArLscConR because ayy, g larger and (mildly) KL-dependent

»  For this to work: Tygce = — t1./In ®(0,88;1s.cc) (risk-targeted seismic action...)
Table 4. Tq of the seismic action by LS and CC.

« Part 1-1 (Clause 4) provides return periods < e T e T T e ™ . .
NC 600 1600 2500 5000 1000 sD (ST
SD 275 | 475 | 600 | 900 = P
DL 100 115 125 140 ’ ' ? ’

Paolo Franchin 22nd November 2023 10
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Data for assessment

History, geomeiry, construction details and material properties
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DATA FOR ASSESSMENT - Sources 5 Information for structural assessment

5.1 General information and history

Two types:

(1) Inassessing the earthquake resistance of existing structures, the input data should be collected from
a variety of sources, including as given in a) to d):

. R e | evqg n.l. g en erIC d q .I.O sources ( b) a) available documentation specific to the structure in question;

b) relevant generic data sources (e.g. contemporary codes, standards and documented practice);

c) field investigations and measurements;

: TO fl” In gOpS In STrUCTure_SpeCIfIC |nformOT|On, orin d) destructive, in situ and/or laboratory, and non-destructive tests (that may include in situ

The ||’]|1'|CI| STOge Of stessmerﬂ', TO Orierﬂ' f|e|d measurements of dynamic properties), as described in more detail in 5.2 and 5.4.

invesﬂg a '|'|O NS (2) Field investigations should also aim at identifying all possible threats to life safety posed by ancillary

components, such as, e.g., chimneys, cornices, poorly braced equipment, or inadequate configurations
(circulation or vulnerable access). These vulnerabilities should be considered in designing retrofitting
interventions.

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

(3) The following features should be assured in order to ensure an appropriate inspection: accessibility,
visibility, lighting, cleaning of surfaces.

° AVO”CI b|e documen-l-gﬁon (Origin(:ll design deSign (4) Cross-checks should be made between the data collected from different sources to minimise
! uncertainties. In case of conflicting information, in situ structure-specific information should be relied

of subsequent interventions, material tests during  apen
construction, etc)

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

Paolo Franchin 22nd November 2023 11
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DATA FOR ASSESSMENT - Data

History of the structure

« A structure-specific piece of info that may
provide input on q), 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

5 Information for structural assessment

5.2 Required input data

(1) The information for structural assessment should cover the items defined in a) to i):

g)

h)

Identification of the structural system. The information should be collected either from on-site
investigation or from original design and/or construction drawings, if available. In the latter case,
information on possible structural changes since construction should also be collected.

Identification of the type of foundations.
Identification of the site conditions as defined in prEN 1998-1-1:2022, 5.1.

Information about the overall dimensions and cross-sectional properties of the structural
members and the mechanical properties and condition of constituent materials.

Information about identifiable material defects and inadequate detailing.

Information on the seismic design criteria and the level of seismic action used for the initial
design. In the case of non-engineered structures, information on the compliance with the rules of
practice normally used in the area.

Description of the present and/or the planned use of the structure (with identification of its
consequence class, as described in the relevant part of EN 1998).

Re-assessment of imposed actions considering the future use of the structure.

Information about the type and extent of previous and present structural damage, if any,
including earlier repair and retrofitting measures.

Paolo Franchin 22nd November 2023 12
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DATA FOR ASSESSMENT - Data

History of the structure

« A structure-specific piece of info that may
provide input on ), 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

1937-1974 | | 1975-2003 |
cW — — w
i { .,
i i
oW I,—n-" \\—“' w TR W,
| | cRWay H Y|=]||En|=1w:.|
t { AN j=1 itk
oW i—-i - w hy
P
T T T —01 H
R o= 0. N

c=0.10 Seismic category |
¢=0.07 Seismic calegory Il

c=0.10 Seismic category |

¢=0.05-0.07 Seismic category Il
W= GsQ c=0.04 Seismic category 11

W= G+sQ

08

Figure 2. Seismic load definition pre- (left) and post-1975 (right).
Table 2. Evolution of concrete classes and corresponding mechanical properties.

DM 30/05/1972 — DM 30/05/1974 — DM 16/06/1976
DM 27/07/1985 — DM 14/02/1992

RD 16/11/1939

Rek Rck Rck Rck Rk Rck
Concrate class Portland  High Strength 15 20 25 30 40 50
Compressive strength R, /Rg”  [MPa 12 16 15 20 25 30 40 50
Allowable O e [MPa] 4.0 5.00 6.00 725 8.50 9.75 1235 14.80
normal stress Oy [MPa] 35 450 420 5.08 595 683 8.58 10.30
Allowable Teo [MPa] 0.40 0.60 0.40 047 0.53 0.60 0.73 0.87
shear stress T [MPa] 1.40 1.60 1.40 1.54 1.69 183 21 240

{*) Re is the mean value of the concrete compressive strength (valid for RD 16/11/1939); Ry is the characteristic compressive
strength and it was introduced by DM 30/05/1972

Table 3. Evolution of reinforcing steel classes and corresponding mechanical properties,

National Annex!

DM 3040571974
DM 16/06/1976
DM 270071985

RD 16/11/1939 Circolare 23/05/1957 D 30/05/1872 D 14402/1992
plain plain dlef, plain def. plain claf,
A0 A0 FeB  FeB FeB Fet  FeB Fed Feb
Steal ¢lass L+ M-C* H-C* 50 &0 apl*) 22k 32k A3E Ad1 44k 22k 3k 38k 44k
Sample info on design practice and typical materials for Yield stress  [MPa) 23 270 310 270 310 . 220 320 380 410 440 2 X 380 440
RC construction in Italy, subdivided by period [De Risi Ulrimate [MPa]  420-500  500-800  600-700  420-500  S00-800  600-700 - 340 500 450 500 550 340 500 460 550
et al 2022. “Modelling and Seismic Response Analysis Allowable  [MPa] 140 200 200 160 180-220  220-240 120 160 190-200  200-240  230-240 120 160 190-220  230-360
of ltalian pre-code and low-code Reinforced Concrete (*) deformed (def.) bars (Sp = special); steel properties modified in the following Circolare 17/05/1965 (n.1547): allowable stress = 220-260 MPa
Buildings. Part |: Bare Frames.” J. Earthg. Eng., 1-32.] (**) L-C = low-carbon steel; M-C = medium-carbon steel; H-C = high-carban steel
Paolo Franchin 2274 November 2023 13
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An example of a building where
masonry from the 1200’s and 1800’s
oeX|st with RC from the 1940’s

e/
/g, HH
Z ‘QSmgle prope

DATA FOR ASSESSMENT - Data PV

s

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

e s s
1950’s 1978 2000

2005

\ i J U J J

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...

Paolo Franchin 22nd November 2023 14
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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
e  Minimum
« Average
« High (formerly ‘complete’)
 Values can be non-uniform over the structure

European _W_
ommission (LARE |

5 Information for structural assessment

5.3 Knowledge levels: Definitions

(1) The information collected should be classified into three categories defined in a) to c):

a) Geometry: the geometric properties of the structural system and of such ancillary elements (e.g.
masonry infill panels) that may affect the structural response;

b) Construction details: these include, as appropriate, the amount and detailing of reinforcement in
reinforced concrete, connections between steel and/or timber members, connections between
masonry walls and the nature of any reinforcing elements in masonry, the type of lintels and
masonry spandrels, connections of floor diaphragms to the lateral-load resisting structure, etc.;

c) 'Materials: the mechanical properties of the constituent materials.

NOTE The investigation of geometric properties extends to all members that affect structural response to the
seismic action. This means that some structural members can be excluded, if they can be classified at this stage as
secondary, while some ancillary members can be included, like masonry infills, that in general affect stiffness and
strength and, especially, when irregularly distributed infills can significantly alter the distribution of action effects.

(2) Amount and quality of the collected information in each category should be expressed through three
distinct knowledge levels (KL), as defined in a) to ¢):

a) [KLG: knowledge level on Geometry, as detailed in 5.4.1;
b) KLD: knowledge level on Construction Details, as detailed in 5.4.3;

c) KLM: knowledge level on Material properties (one for each constituent material), as detailed in
5.4.4.

NOTE These KL are used differently.

(3) Each KL defined in (2) should take one of three distinct values, as defined in a) to c¢):
a) Minimum.
b) Average.
¢) High.

(4) Values of KLs may be different in different areas of the structure. Individual values for each category
of information may be determined in different areas of the structure.

Paolo Franchin
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DATA FOR ASSESSMENT - KL identification 5 Information for structural assessment
5.4 Knowledge levels: identification
Geometry (KLG) 5.4.1 Geometry
(1) For each type of structural member (beam, column, wall, diaphragm, etc.) and area of the structure,
° TO b | e 5 . ] d |ffe re n‘l‘ com b| NAa ‘I‘|O NS Of the achieved KL on geometry based on the collected information should be defined, based on Table 5.1.
Ong | N Ol + new |nform a '|'|O N Table 5.1 — KL on Geometry as a function of collected information
° Geo m e-l-ry can be d erlved fro m: Original design documents Extent of survey*
. . ’ (outline or detailed construction L 8 C
« Structural outline drawings drawings)
« Detailed construction drawings Not available KLGl | KLG2 | KLG3
Incomplete set KLG2 KLG3
Complete set KLG3
* L: limited; E: extended; C: comprehensive (see 3.1.3)

Architectural drawing
Columns only visible

s

4] H = 6 8 7 |

= |
=
oo
5 | =21
| 7 |
; : i . ] ﬁ @\
VOO B Structural outllne drawing
| Qm: Beams& columns visible
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DATA FOR ASSESSMENT - KL identification 5 Information for structural assessment
5.4 Knowledge levels: identification
Geometry (KLG) 5.4.1 Geometry
(1) For each type of structural member (beam, column, wall, diaphragm, etc.) and area of the structure,
° TO b | e 5 . ] d |ffe re n‘l‘ com b| NAa ‘I‘|O NS Of the achieved KL on geometry based on the collected information should be defined, based on Table 5.1.
Ong | N Ol + new |nform a '|'|O N Table 5.1 — KL on Geometry as a function of collected information
° Geo m e-l-ry can be d erlved fro m: Original design documents Extent of survey*
. . ’ (outline or detailed construction L 8 C
« Structural outline drawings drawings)
« Detailed construction drawings Not available KLGl | KLG2 | KLG3
Incomplete set KLG2 KLG3
| Complete set KLG3
Outline dra * L: limited; E: extended; C: comprehensive (see 3.1.3)

i - -

Detailed drawing | L
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Extension of geometrical survey

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

m=p-n Y

is not linearin n ) C

E

-

20 30 40

. Table 5.2: values are related to statistical "
uncertainty on the geometrical dimensions, which is

accounted for in ygrq
« 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

50

il

European
Commission

5 Information for structural assessment
5.4 Knowledge levels: identification

5.4.1 Geometry
(3) For each type of structural member (column, wall, beam, diaphragm, etc.), the minimum percentage
of members (reinforced concrete or steel) that should be surveyed for dimensions is given by Formula

(5.1), depending on the required extend of survey.

p=pn <100 (5.1)
where
n is the total number n of members of this type in the structure, determined according
to (5);
piandc are coefficients which should be taken from Table 5.2 for each level of survey.

Table 5.2 — Minimum requirements for different levels of survey (vertical members)
Limited (L) Extended (E)

p1 200 250
c 0,8 0,6 0,5

Comprehensive (C)

300

Level of survey

(4) The values of p1 and c in Table 5.2 should be used for vertical members; for horizontal members,
irrespective of the target KL, Limited survey may be undertaken.

NOTE The level of survey for horizontal members is not taken into account in determining the KL.

(6) Conditions of symmetry and repetitiveness should be considered in planning surveys to avoid
concentrating efforts on similar members.

NOTE Considering symmetry and repetitiveness means that the target percentage p of members to be inspected
is not achieved by inspecting too many similar members.

(7) In buildings, members inspected should cover the entire height.

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)
o 25% cracked stiffness
« Including masonry infills if iregular
« D/C ratio of i-th member and k-th floor

Akl — % N Ak — Zi Vkiﬂ'ki
Oy %i Vki

where 6, = 2 ¢yLV

and ¢, = cf—yh

— max Ay, critical floor

~—— European -IWI-
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5 Information for structural assessment
5.4.2 Preliminary analysis

(1) Once the geometry of the structure is known, a preliminary analysis may be carried out to identify
critical portions (e.g. storeys) and members in the structure and inform the planning of inspection of
construction details and tests on material properties.

NOTE [t is highly recommended that the engineer develops a qualitative view of the structural behaviour and,
while achieving this by carrying out a preliminary analysis is not mandatory, it is strongly encouraged. The value of
preliminary analysis in this context is not necessarily the seismic rating that it delivers but the opportunity it
provides to gain a holistic view of potential structural weaknesses. The preliminary analysis, carried out with
nominal properties, is in general linear elastic for reinforced concrete, steel frame structures and timber structures,
and non-linear static for masonry structures. More detail can be found in Annex A.

(2) Ifapreliminary analysis is carried out according to (1), further investigations on construction details
(5.4.3) and material properties (5.4.4) may be limited to, or focus mainly on, the identified critical
portions. In the latter case the total number of members n should refer to the number of members in the
identified critical portions.

A.3 Reinforced concrete structures

(1) For reinforced concrete structures, preliminary analysis may be carried out as a lateral force
analysis, when applicable, or a multi-mode response spectrum analysis, with unreduced-elastic response
spectrum, with a simplified resistance evaluation. The purpose of this analysis is to evaluate the
distribution of inelastic demand throughout the structure, in order to identify areas where ductility
demand is expected to be higher.

(2) Mean material properties to be used in the model and for resistance evaluation according to A.3
should be taken equal to typical (mean) values for materials used at the time of construction. Cracked
stiffness in the model may be taken equal to 25% of gross.

NOTE1 Typical values for material properties by age of construction to be used in preliminary analysis can be
found in the National Annex.

NOTE 2 The preliminary analysis described in this Annex is displacement-based. Action effects are in terms of
chord rotations. For this reason, the cracked to initial stiffness ratio is lower than the common 50% used to get
conservative estimates of forces. The value of 25% is an average value for effective (secant to yield) to initial
stiffness ratio.

(3) Ifpreliminary analysis is undertaken to identify critical areas where to focus further inspections on
materials and details (as in A.2(1) a)), masonry infills may be included in the model and should always
be included in the case of infills irregularly distributed along the height of the building.
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DATA FOR ASSESSMENT —_— KL identification 5 Information for structural assessment

5.4.3 Construction details

Details (KLD
eta S ( ) . . (1) Destructive inspection methods should in general be preferred. Reliable non-destructive methods
° O N |y d e'l'(] | | e d d rawin gs can be use d may also be adopted in the inspections. Calibration against destructive methods should be carried out to
D _I_ _I_ _I_h d f d an extent depending on the non-destructive method.
[ ]
es rU C Ive m e O S pre erre NOTE Cover removal (to inspect the reinforcement) is an example of destructive method.

R e | | d b | e Non ‘d eSTI’U C Tlve ( Ccd || b ra Te d ) p erm |TTe d (2) For each type of structural member (beam, column, wall, diaphragm, etc.) and area of the structure,

the achieved KL on Construction Details based on the collected information should be defined, based on
Table 5.3.

")\; ’ '.M“; = 2

Table 5.3 — KL on Construction Details as a function of collected information

Original design documents Inspections®
(detailed structural drawings) L E C
Not available KLD1 KLD2 KLD3
Incomplete set KLD2 KLD3
Complete set KLD3

* L: limited; E: extended; C: comprehensive (see 3.1.5).

** For meaning of 1, 2, 3 see 5.4.4.

(3] 5.4.1(3) should be applied.

(4] In buildings, members inspected should cover the entire height, unless focusing on an identified
critical portion is justified based on a preliminary analysis (5.4.2(2)).

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.
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DATA FOR ASSESSMENT - KL identification 544 Materials

(1) The knowledge levels concerning the properties of materials in the structure should be classified

M ate ri a I S (K L M) according to definitions a) to ¢):
. .« . . . a) KLM1 (Minimum Knowledge) is attained when no direct information on the mechanical
° A ma TI’IX Sim ||C| r TO Th ose g iven in TO b | es 5 . ] an d properties of the construction materials is/available, either from original design specifications or
. . from original test reports. Default values should be assumed in accordance with standards at the
5 2 Cou | d be g ven for RC or Steel ’ b UT IT cann OT time of construction, accompanied by limited in situ testing in the most critical members. In the
1 H case of masonry structures, direct testing may be avoided, and reference values of predefined
b e g enera | VAS d TO mason ry & h m ber masonry types may be attributed after an extended visual survey of masonry features (according
. Destructive methods can mosﬂy be avoided to Table 5.1). In the case of timber buildings and timber members, direct testing may be avoided

provided that an accurate visual inspection is performed according to 10.2.4.1;

with the latter materials b)

KLM?2 (Average Knowledge) is attained when information on the mechanical properties of the
construction materials is available either (i) from extended in situ testing; or (ii) from original
design specifications complemented by limited in situ testing. In the case of masonry structures,
when original design documents are not available, direct testing may still be avoided, but, in
addition to what is required for KLM1, the knowledge should be enhanced by extended non-
destructive testing, as specified in Table 5.3 for inspections, which allows a more accurate
classification of masonry types in the structure. In the case of pre-1940 timber buildings, when
original design documents are not available, direct testing may be avoided, but, in addition to
what is required for KLM1, the knowledge should be enhanced by non-destructive testing, as
specified in Table 10.1;

Sing

iy

le flat jack (o)

e

NOTE In case of masonry and pre-1940 timber structures, original design documents are rarely available.

¢) KLM3 [High Knowledge) is attained when information on the mechanical properties of the
construction materials is available either (i) from comprehensive in situ testing; or (ii) from
original test reports, complemented by limited in situ testing; or (iii) from original design
specifications, complemented by extended in situ testing. In the case of masonry structures, in
addition to what is required for KLM2, direct testing of material properties in the critical areas
should be performed, in order to update the reference values of predefined masonry types;
material properties should then be defined by using results of tests for updating the reference
values for the masonry types. In the case of timber structures, in addition to what is required for
KLM2, (semi) non-destructive testing, e.g. by resistance drilling, and/or density measurements
on small samples in order to define the material properties in the critical zones should be
performed (see Table 10.1].
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8.2 Identification of geometry, details and materials
8.2.2 Geometry

DATA — Material-specific provisions: RC

Geometry
° I_O TeI’CI | | oQ d _ p q -|- h | N b O-I-h d Ire C -I-IO NS a) Identification of the lateral load-resisting systems in the two main horizontal directions;
R Me m berS y Slze b) Orientation of one-way floor slabs;

(1) The collected data should include all items a) to e):

c) Depth and width of beams, columns and walls;

¢ Orl en TO TI on Of on e_WOy ﬂoor S | a bS d) Width of flanges in T-beams or L-beams (see FprEN 1992-1-1:2022, 7.2.3(2), for the definition of
° Eccen-l-nc”-les the effective width of flanges);
e) Possibleeccentricities between axes of beams and columns at joints.
. 8.2.3 Details
Details
. . . . (1) The collected data should include all items a) to f):
«  Amount of longitudinal (including . |
. a) Amount of longitudinal steel bars in beams, columns and walls;
S | a bs fo r T_ & L_Se CTI o I’\S) & TrO nsverse b) ‘Amount and detailing of confining steel in critical regions and in beam-column joints;
rej ﬂforc eme I'TI' c) ‘Amount of steel reinforcement in floor slabs contributing to the negative resisting bending
S _I_ | _I_h f . | _I_ d moment of T- or L-beams;
[ J
eatin g en g or sim p y SU p por e d) Seating lengths and support conditions of horizontal members;
mem b ers e) Depth of concrete cover;
° I_O P-SP ||C es f) Lap-splices of longitudinal reinforcement.
° LCI p_s p”ces can nOT be reliO b|y (2) Iflap-splice length is not reliably established for each structural member typology of the structure
. orits critical portion, when identified based on a preliminary analysis, short lap-splice should be assumed
eSTO b“Shed w NDT in the evaluation of deformation capacity according to 8.4.2, taking o equal to 2/3 of loymin.
° MOS‘I‘ Of‘l'en coverre movol d one O‘I‘ lomin  NOTE According to 5.4.3(1), destructive inspection methods should be preferred in general. In particular, lap-
. . . lo splice length is not a parameter that can be easily or reliably established through an indirect non-destructive
mid-height — [, not inspected, method.

must be assumed < I, min
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Materials

« Original design information can be from:

« Specifications in report or drawings

Concrete: R, > 21422,
cm

¢) Lopertura el saiuny

pulico: Burk resllzzata con cupoled
te trasgarentl 1o plafiics inserite in uma maglis al nerva

Twre incrutlate.

d) Calcestruzzi: neifpettl verranno impisgati calcestruzzi @p
feziunati von ceflento Tipe "730, con varico di rotlurd gu-—
coupressivne usuale & T1,5  ke/emg. La maevima tenslune tausen
zlale & 4i 11,10 kw/cug.

Ti aimens 8 rivuitanus ls masuima tensione di

) Armature! verri usatu feird tunuinu Ay 42 CON Tenslone nag

piga A1 weercizio di 14UV Kesvmg.

f) PBopaugioni: sarunnv uel tipu conbinuo a travi rovesee, im—
justate sul Terreny roculusu (arenarida compatta, come oa
10230 di eageio; (veul sezivne geognostics del 25/7/1965) me=-
uiante un BUTTO04d0 Ui Celcesiruszo magro. Le fondazioni della
sucristia edirannu 4d un livello aiquanto inferiore a guello
delie fonduzioni generalil deli'edificio. La maouime pressions
unitaris sul terieno & stata valutata iz 6,60 ke emg.
S1 ritiene questa pressione mamissibdile, dats ls natura dal terrame.
Glova tuttavia osssrvars chs essa non & una pressione di esercizlo ma
& 4 sonsidezars sccezionsle, psrchd si verifics sotto unma parsts irri-
sldents nell'izotesl di scossa ondulatoria. Setto la sola asions dei oa-
ricki verticali, infatti, la pressione unitaria non supers il valore mas
simo ¢i 2,70 kgfesq.

Steel quality Aq42 ;

e) Loperiura ael saivny pol

 Burh Treallzzata con cupolel
te ULrasjaTentd 10 plamlics 1nderite in und Gaglis ol Dervi

ture increclate.

d) Calcestruzzl: Nel p8TLL VErranno \impiegati caicestruzzi @p

feziunuti ¢on vementv bipo "730, dn carico ai rotturs pu-
ri wimeno 4 214 kg/Cmy, risuitanue I\ masuima tensivne di
coupresvivie usuale & 71,7 ki/omg. La

ziale & di 11,10 ke/cug.

peouing tenvlune tauken

8) arnsture! verri usatu ferro tunuiny

4y 42 fon teasivae mug

0lma Gl weercizlo di 14UV kesomg.

f) Pupuugioni: sarunnc uel tipe continuo 4 travi rovesce, im-
justate sul terrenu rucliuso (arenarida compatta, come Q&

10220 di sagedo; (veul sezione geognostics del 25/7/1963) me-

winnte un BUTEOQ4d0 Ui CelicesirTuswo wagro. Le fundasioni della

Bucristia s4aranno «d un livells alguanto infericre a yuello

delie fondszioni paneralil idel.'edificilo. L4 masseime pressions

unitaris sul terient & stata valutata in 6,60 kg/emg.

Si ritiens questa pressione smmissibile, dats la natura del terrsae.

Giova tutlavia osssrvars che ussa non & una pressione di easrciulo ma

& da considerars sccezionsle, perchd si verifica motto unm parste irri-

sldente nell'ipotesl di soomia ondulatorias Sotto la sola asions dsi o~

richi verticali, infatti, 1a pressione unitaria non supera il valors mas-

sizo di 2,70 kg/emq.
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8.2.4 Materials

8.2.4.1 General

(1) The collected data should include items a) and b):
a) Concrete strength;
b) Steel yield strength, ultimate strength and ultimate strain.

(2) For each type of member (beam, column, wall, etc.), the achieved KL on each material (KLM) should
be based on the collected information, as given in Table 8.1 (concrete and steel reinforcement).

Table 8.1 — KL on Materials as a function of collected information on
concrete or steel reinforcement

Original design documents Testing
L E C
Not available KLM1 (*) KLM2 KLM3

Design specifications (**) KLM2 KLM3

Material test reports KLM3

* When original design documentation on material is not available and
testing is not undertaken (as allowed for reinforcing steel), default
values according to the ruling standards at the time of construction or
the state of practice can be assumed.

*# For instance, from design report or notes on drawings.

NOTE Default values for the material properties based on state of practice and ruling standard as a function of
time of construction can be found in the National Annex.

Paolo Franchin
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8.2.4 Materials

DATA — Material-specific provisions: RC

8.2.4.1 General
Materials

(1) The collected data should include items a) and b):

a) Concrete strength;

° O r|g | Nna | d eS|g N |nform d '|'|O N Ccan be fro m: b) Steel yield strength, ultimate strength and ultimate strain.
° S peCifiCCITiO NS in re por-l- or d rOWingS (2) For each type of member (beam, column, wall, etc.), the achieved KL on each material (KLM) should

. . be based on the collected information, as given in Table 8.1 (concrete and steel reinforcement).
« Tests performed at time of construction

Table 8.1 — KL on Materials as a function of collected information on
concrete or steel reinforcement

Original design documents Testing
AZIENDA AUTONOMA L Sp. 23 MINISTERO
FERROVIE DELLO STATO » o ET L E C
P Not available KLM1 (*) KLM2 KLM3
11/11/6¢ - . .
g Design specifications (**) KLM2 KLM3
: WL nN o sme e 30.9.65 et 510,68 Material test reports KLM3
SPECIFICAZIONE i PROVA DI TRAZIONE
Cantisre B o ‘J [P o] e | sorrons * When original design documentation on material is not available and
£8100 CATABZARO N e e e | el | e . . . .
e ol Lol ) testing is not undertaken (as allowed for reinforcing steel), default
suddetta Impres. onda 24,2  38.7  63.0 24. 55,1550 | Parz.a cratere . . . .
ltalla 41 Catanzaro Wit | v ka2 36,7 630268 65 1570| ® n values according to the ruling standards at the time of construction or
) vz 400 ; subia_€ ghlala 1 14312 » 20.9 33,6 55.6 28.1 70 1560 | A cratere .
. ke 7 14313 " 20.8 33.556.2/26.1 71 1465 | Parz.a cratere the state OfpraCtlce can be aSSumed.
- .9 29,0 48,5 29, o » n w . . .
e R e bl |+ T lena [4a.zlena| 62 Jaazo] = = 3 ** For instance, from design report or notes on drawings.
S o ( o e 14316 = 2.2 334 57.525.3 57 mss| v ogm o w ) - - - .
B 14317 "12.333.257.0/25.5 | 60 1450 | »./ % NOTE Default values for the material properties based on state of practice and ruling standard as a function of
Resistonzn alla compressione in kg dei singoli proving 14318 bl 8.2 31.2 49.2 31.7 74 1560 | L . . B - .
T e o219 N P T time of construction can be found in the National Annex.
4320 " 6.8 24.8 34.5 31.0 80 1070 " " "
Media dei 8 risultati miglior 368 kg/em? n4321 " 7.0 24.6 40.3 32.1 76 1290 A cratere
i S1gla:. BANKITALIA.241068 i) kg fProva di piggamento : Le barre in esame hanno supefrato la prova
Rc=368—2 S i e S R
Cm [ ESPERIMENPATORE 1L CpPO
N Sobbats 9% L DIRETTORE
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DATA — Material-specific provisions: RC 8.2.4.2 Concrete

(1) The investigation of concrete should aim mainly at determining the compressive strength for each
area of the structure. Other properties, such as modulus of elasticity, tensile strength etc. may be
determined indirectly based on the compressive strength, if no specific investigation is conducted.

Concrete strength

(2) A combination of non-destructive methods and destructive methods (such as core sampling) should

° A” O‘I‘h er pro per‘hes can be d enved fro m fC be made to improve knowledge in more positions, when required for greater reliability.
. . . (4) Only destructive tests should be performed if the number of cores m. to be taken is larger or equal
® A MiX Of d eSTI’UCTIVG & N Oﬂ—d eSTI’UCTIVG TeSTS to the number m of non-destructive test measurements required, depending on the desired KLM,
.re . according to (8). In all other cases, non-destructive testing should be carried out prior to core sampling
¢ ld enhflcghon Of ho mog enous areds as d to identify homogeneous areas within the structure (i.e. areas where concrete property values may be
H. HP assumed to be from the same population, which can be provisionally established based on low sample
minimum Th rou g h STrU CTU ra | JOI N TS variability, e.g. a coefficient of variation lower than 15%, or, even with higher coefficients of variation, by
° N DT can be Used for ‘|'h|s statistical testing of the difference in the means or analysis of variance). As a minimum, it may be assumed
. that each distinct structural block in which the structure is delimited by joints represents a different
® N DT fl I’ST, Th en cores Wh ere N DT pel’fO m ed homogeneous area. When identifying homogeneous areas, the expected systematic variation of concrete

strength should be taken into account, depending on its position in the structure, and the conditions of

* COllbrOTlon Of Correk]hon concreting, compaction and maintenance. Statistical tests in EN 13791:2019, 7 may be used to identify

e.g., RILEM: R = 7,695 X 10_11 V2'6O]1'40 homogeneous areas within the structure.
. . o . —c (5) When core sampling serves the purpose of calibrating the results of non-destructive tests, a
° N DTS re q uire d .m=pn (p =pin -, TO b | e 5 . 2) structure-specific correlation curve should be established through least squares regression based on test
. results from destructive and non-destructive testing in the structure. Parallel core sampling at positions
¢ Core STre N gTh S h ou l d be C OrreCTed for where non-destructive testing has already been carried out should be performed all within the same

homogeneous area. The correlation established by least squares regression in this homogenous area may
then be used in other homogeneous areas. The homogeneous area should preferably coincide with the
critical area of the structure, as identified by a preliminary analysis, if performed. At least m.= 5 cores
should be taken at locations that include the extremes of the indirect test values, to better constrain the
regression.

(6) The core strength should be converted into the real in situ strength (see EN 13791:2019).

(7] Core testing should be undertaken in conformity to EN 13791:2019, 6(1) to (6).

« D (obviously smaller than standard to
limit invasiveness)

 Aspectratio (often1 < H/D < 2, to
limit invasiveness and for rectification)

Core extraction EN13791 V

: Ultrasonic
EN12504-4

hd-harﬁmer — el
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DATA — Material-specific provisions: RC
Steel properties

« Visual identification (after cover removal):
« w/o original documents - KLM]
« + Design report or detailed drawing —» KLM2
« + Original test reports - KLM3

DT on steel: regulqr’rensne test

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

« NDTon s’reel hardness test

« Need calibration vs DT as NDTs on concrete

« Bar should be uncovered «just enoughy. 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

8.2.4.3 Steel reinforcement

(1) KLM1 (Minimum knowledge) may be considered as attained if original design documents are not
available and classification of steel is done by visual identification (surface smooth or ribbed, any
readable markings on the surface of the bars), with consideration of the time of construction of the
building. The mechanical properties of steel (yield strength, ultimate strength, ultimate strain) should be
taken as specified in the appropriate Standards for the identified category of steel (see notes to 5.5(1)
and 5.5(2)).

(2) KLM2 [Average knowledge) may be considered as attained, when either a) or b) applies:

a) original design documents are not available, no readable markings are found during visual
identification and the in situ properties of steel are determined by testing at least three samples
of approximately the same diameter from structural members of the critical portion of the
structure, as identified by preliminary analysis if performed;

b) indications on the steel used are available from design specifications (rather than from test
reports) and visual identification confirms the information.

(3) KLM3 (High knowledge) may be considered as attained when either a) or b) applies:

a) the in situ properties of steel are determined based on testing of at least three samples of
approximately the same diameter for each structural member typology of the critical area of the
structure, as identified by preliminary analysis if performed, and at least one sample per floor
elsewhere;

b) original testreports for steel bars are available and visual identification confirms the information.

(4) For KLM2 and KLMS3, if results of testing reveal the presence of steel of different grades, then the
investigation should be expanded to identify in which structural members each different grade has been
placed; conditions a) or b) in (2] or (3) should be met for each steel grade separately.

(6) Ifitcan be proven thatitis not possible to reliably replace the bars, non-destructive tests (hardness
test) may be performed instead. Non-destructive (hardness) test may always be used to identify where
each grade has been used according to (4).

Paolo Franchin
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Basis of design
« Assessment is carried out with respect to Near Collapse LS
- Return period is linked to target reliability ;1.5 cc and default is 1600 years (<2475 years)
« Displacement-based approach is the reference method
« Force-based approach permitted in low & moderate, with low ¢q
« Mean values used for material properties both in model and verifications
«  No mix of uncalibrated confidence factor and y,, ys but reliability-based yrq kL

Data for assessment
« Three distinct knowledge levels for Geometry, Details and Materials
« Afterinformation 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

Paolo Franchin 22nd November 2023
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