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SUMMARY:

Performance-based earthquake engineering methbdéieavily on nonlinear dynamic analysis to detereni
structural performance. Given the significant numtieexisting structural and material modelling egaxhes,
the epistemic uncertainty associated to such giesterequires adequate quantification. In this extntthe
proposed study addresses the quantification olitfeertainty associated to different modelling chsiat the
member section level. The study analyses the padonce of 56 modelling combinations for the numérica
simulation of moment-curvatures evolutions obtaifresn experimental tests on reinforced concretaimols.
To determine the performance of the modelling apghes, the results are analysed for three behardaoges.
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1. INTRODUCTION

Performance-based earthquake engineering (PBEIEs reskequate methods of analysis to determine
the structural behaviour and the definition of difable targets to measure performance. Considerin
that performance targets can be established foadénevels ranging from linear elastic behaviour up
to the development of structural collapse, nonlindgnamic analysis is the logical choice to
adequately quantify structural behaviour underheprike loading. However, structural performance
associated to a certain damage limit state isénfted by several sources of uncertainty that need t
be considered by the PBEE framework. The earthquakerd-to-record variability of structural
demand and the uncertainty associated to the ramesmof the material properties are some of the
sources of uncertainty commonly addressed in gastarch. Given the number of available structural
and material models, the epistemic uncertainty@sta to different modelling strategies is another
source of uncertainty that must also be analysasda Arst step towards a comprehensive analysis of
the epistemic uncertainty associated to the numlemiodelling of reinforced concrete (RC) members,
the proposed study analysed the structural respaarsability at the member section level resulting
from different modelling choices. The study anatyshe performance of 56 fibre modelling
combinations for the numerical simulation of moremtvatures evolutions obtained from
experimental tests on five RC columns. To deterntireeperformance of the modelling approaches,
the results are analysed for three behaviour ranges

2. UNIAXIAL MATERIAL CONSTITUTIVE MODELS

The simulation of the flexural behaviour of RC smut$ using fibre models implies that sections must
be divided into three zones, where each one igradito a different uniaxial material law. Theffirs
zone is the area bounded by the centreline ofrdresterse reinforcement which is made of concrete
with a strength enhanced by the confinement effidet. second zone, which bounds the outside of the
first zone, is made of unconfined concrete and willvern the development of spalling and the
consequent degradation of strength and stiffnelss.tfird zone models the longitudinal reinforcing
steel (RS). The characteristics of the RS mat&valgovern several aspects of the flexural behaviou
of the section, especially for high levels of defiation. To observe the influence of the charadtesis



of the material models representing each zonepibgented study analysed the flexural behaviour of
five RC sections under cyclic loading using 56 camations of concrete (CC) and RS models. The 56
combinations involved seven CC models and eightriR8els and are numbered according to Table 1.
A brief description of the CC and RS selected niaterodels is provided in the following.

Table 1. Combinations of constitutive models defined for éimalysis of the sections

CC1 CcC2 CC3 CC4 CC5 CC6 CC7

RS1 1 2 3 4 5 6 7

RS2 8 9 10 11 12 13 14
RS3 15 16 17 18 19 20 21
RS4 22 23 24 25 26 27 28
RS5 29 30 31 32 33 34 35
RS6 36 37 38 39 40 41 42
RS7 43 44 45 46 47 48 49
RS8 50 51 52 53 54 55 56

2.1. Selected constitutive models for the concrete

Several models were developed in the past to repredhe behaviour of confined and unconfined
concrete. In general, all models have a similaiahbranch until the maximum strength is reached.
The fundamental differences between most CC madelsn the modelling of the concrete behaviour
after the point of peak strength, namely regardhng slope of the degrading branch, the level of
residual strength and corresponding strain, andetred of ultimate compressive strain. In the prese
study, seven models were selected from the OpenSatesial library to represent both confined and
unconfined concrete. For the confined concrete, ébthe models were defined according to the Scott
et al. (1982) model with a residual strength of 20% @& geak compressive strength: the CC1 model
has no tensile strength; the CC2 model has a lidegradation of the tensile strength based on the
linear softening defined by Yassin (1994) (in tbése, it is considered that the tensile strengipgr

to zero after reaching its peak value); the CC3 ehdtlat tries to mimic a tension-stiffening
mechanism using a linear degradation compatiblé thie strain limits defined by Kaklauskas and
Ghaboussi (2001); the model CC4 uses an exponéstisile degradation after cracking, according to
the parameters defined by Berry and Eberhard (2008 remaining three models considered were
based on the model by Popovics (1973). Model C@&s tise Mandeet al. (1988) proposal for the
modelling of confined and unconfined concrete whith Karsan and Jirsa (1969) hysteric rules. Model
CC6 considers the same behaviour envelope andregseules, but defines the reference points of
the backbone curve using the EC8-3 (CEN, 2005) gsalp Finally, the CC7 model uses the Chang
and Mander (1994) proposal simplified by Waugh @0Gigure 1 represents the referred models
under cyclic behaviour. With respect to the modis the unconfined concrete, the relations
considered are those of models CC1 to CC7 witledifices being on the level of the residual strength
(which is now zero) and on the corresponding lefestrain (which defines the onset of spalling)
assumed equal to 0.00&4,), according to the ranges in Priestéyl. (2007) and Caltrans (2006).

2.2. Modelling strategy to represent the effects afpalling and crushing

The spalling and crushing phenomena are behaviegnadation mechanisms inherent to RC elements
that imply a reduction of the section geometry azmhsequently, of its stiffness and strength. To
simulate these effects, the compressive behavidtineanaterials was modified for strains highemtha
specific thresholds. For strains higher than sdwhsholds, the response of the concrete fibres is
considered to have zero strength and slope (inellacontribution to the strength of the sectiony.
simulate the effect of spalling, a limiting stragg,y = 0.005 was considered for the unconfined
concrete. To simulate the onset of the confinecia crushing, three alternatives were considered
according to the selected concrete models. For @€l to CC4, this compressive strain limit was
set by the maximum strain defined by Sabtal. (1982). In models CC5 and CC7 it was defined by
the crushing strain limit given by Priestletyal. (2007), while in model CC6 it was set by the ultina
strain according to the proposal of Biskinis anddisa(2009).



2.3. Selected constitutive models for the reinforag steel

Four RS models were considered in the present sMdglel RS1 is a simple bilinear model with non-
zero post-yield hardening. Model RS2 is a varignR81 that includes isotropic hardening. Model
RS3 is the Menogotto and Pinto (1973) model wittirigpic hardening while RS4 is the same model
with no cyclic hardening. Models RS5, RS6 and R®rewconsidered according to three variants of
the enhanced RS model by Kunnattal. (2009). Model RS5 is the reference form of the etodhe
RS6 model includes strength degradation effects thié degradation parameters proposed by Berry
and Oberhard (2008). The RS7 model is a variaR®5 that considers the Dakhal and Maekawa
(2002) steel buckling rules. Finally, the model R88resents the Dodd and Restrepo (1995) proposal.
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Figure 2. Reinforcing steel models: RS1 and RS2 (left), RB& RS4 (centre), RS5 and RS8 (right).

3. DESCRITION OF THE PROPOSED STUDY

The presented study addresses the moment-cuneatatgsis of five column sections corresponding
to the experimental tests conducted by Rodrigtiak (2010). The selected cases are those referenced
as NO1, NO5, NO6, N09 and N10 and correspond teraxgntal tests of RC columns subjected to
uniaxial cyclic loading under constant axial loatlke numerical modelling of the cross sections and
the material properties were defined accordinghtoexperimental values. Details of the test results
the test setup and the material properties camtedfin Rodriguest al. (2010). After obtaining the
curvature histories from the experimental resutisy were applied to the sections to determine the
corresponding moments by equilibrium conditionse Ehlculations were performed using OpenSees.
Figure 3 presents the layout of the considereds@estions and the corresponding level of normadilize
axial load involved in each test. Columns NO1, @5 NO9 were tested along their strong direction,
while columns NO6 and N10 were tested along themkndirection.

To obtain an objective comparison between expefiatesind numerical results, the comparative
analyses were performed for specific behaviour éarsgeparated by two limit states connected to the
performance of RC members. These comparisons wareed out in terms of peak moments for
specific levels of curvature and in terms of enedigsipation. The following three ranges of
behaviour were considered: a first range reprasgritie behaviour up to the onset of yielding (the
yielding of the first bar in tension defines thesfilimit state DLS1); a second range represerttieg



behaviour between DLS1 and the onset of the spaltihthe concrete cover, defined when the
outermost fibre of the unconfined concrete reaehgs(the occurrence of spalling defines the second
limit state DLS2); a third range representing thédviour after DLS2 and involves concrete crushing
and the fracture of steel rebars.
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Figure 3. Geometry and reinforcement characteristics otthesidered sections.

4. ANALYSIS OF THE RESULTS OBTAINED BY THE PROPOSED STUDY
4.1. Global comparison between the numerical and ¢hexperimental results

Before presenting the separate analysis for eatheofeferred behaviour ranges, an overview of the
global responses was performed to obtain a gedesaription of the type of differences that can be
expected and to provide physical explanations funes of the numerical behaviours that were
observed. To illustrate the global responses tleaiewbtained, Figs. 4a to 4e present the experahent
and the numerical moment-curvature evolutions abktiifor the model combination 15 (see Table 1).
This combination was selected since it providesa&chhbetween numerical and experimental results
which is representative of the results obtained.
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Figure 4. Comparison of numerical and experimental momentature results: NO1 (a), NO5 (b) NO6 (c), NO9
(d) and N10 (e) for combination 15, and NO5 for bamation 43 (f).

The analysis of Fig. 4 indicates there is a fagbod agreement between the experimental and the
numerical evolutions for the full range of the beabar. An overall analysis of the evolutions froith a
the combinations shows similar results. In thistegt it should be noted that, in general, strength
degradation effects for higher deformation levets\aell captured, a fact indicating that the madgll



strategy presented in Section 2.2 is efficientfipaarly when the CC1-CC4 models are considered.
Some differences were found between experimenthlinamerical results with respect to the initial
stiffness and hysteresis loops for low levels dibdeation, indicating differences in the dissipated
energy in this range of behaviour. After yieldinge global hysteretic behaviour of the sections
follows the hysteresis of the RS models and ladjfferences are observed in cases where the
Bauschinger effect is not considered. For high lkewd damage, larger differences begin to appear,
both in the peak values and in the unloading/refapstiffness. This issue was particularly sigrafit

in section NO9 because of the asymmetry of the raxpatal degradation effects that induces larger
differences for one of the bending signs. The dlaalysis of the results indicates that the more
important differences occur for damage levels &mlling. In some of the model combinations, the
numerical evolution overestimates the flexural redte because steel hardening effects govern the
response path (see Fig. 4e). This situation is omgrsed when the crushing of the concrete core
fibres occurs and starts to degrade the flexurahgth of the section. On the other hand, comhinati
involving RS models with no hardening and with @iddial strength degradation effects lead to post-
spalling levels of flexural strength that undemastie the experimental strength (see Fig. 4f).

To obtain global parameters measuring the adeqaftlye model combinations, the numerical-to-
experimental ratio of the peak moments,(¥M.,,) and the total energy dissipated in each cyclewer
calculated for each modelling combination and fehesection. Figure 6a presents the mean values of
the Myun{Mey, ratios for each section and each combination. mban values represent the mean of
the Myun{Mey, ratios obtained for all the cycles of the behawiewolution curve (for each cycle, the
peak moments are those corresponding to the peafitare values of each cycle of the numerical and
experimental evolutions). In addition, Fig. 6b s the coefficient of variation (CoV) of the oti
also obtained for all the cycles.
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Figure 6. Statistics of the M,./Meyp ratio: (a) mean value and (b) CoV for each colwmd model combination.

As can be observed in Fig. 6a, for a given coluthe,influence of the CC models follows a similar
pattern when combined with each RS model. Globdhg, mean value of the M/Mey, ratio is
between 0.92 and 1.18, which implies a 26% varidbetween all the models and columns. The lower
ratios are obtained when concrete models with mildy in tension are used (CC1 and CC2) and the
higher values when CC7 is used, irrespective of R& model considered. With respect to the
influence of the RS models, it is seen that contimna involving the bilinear models RS1 and RS2,
as well as the RS3 model, lead to higherfM.,, ratios. On average, the models RS5 to RS7 lead to
lower ratios than those obtained for the other ri®densidered. The lower values were found for
RS7 and are related to the inclusion of the bugkéffect that reduces the strength for high leeéls
deformation. When analysing the CoV values preskinté-ig. 6b, they are seen to range between 7%
and 27%, with the larger values being observedéation NO9 (16%-27%). The higher CoV values
obtained for this section are related with the ilitgbof the models to capture the asymmetric
evolution of the experimental response.

Figure 7 presents the statistical analysis of thg.Ml., ratio evaluated for each modelling
combination considering all the peak values oftadl columns. As can be observed from Fig. 7b, most
of the CoV values are between 15% and 20%. Higladueg were obtained when using concrete
models CC4 and CC7, which represent the modellptgpns with larger softening in tension. The
variability between all the RS models is low and netevant differences can be identified. With
respect to the mean of the, MM, ratios, these have a lower variability than thoE&ig. 6. The



mean values obtained range from 0.97 to 1.13. Asbeaobserved in Fig.7a, when selecting a given
concrete model, it can be seen that the variabil#yulting from the steel models is also low,
especially between models RS4 to RS8 for whichdifferences are lower than 2% for the concrete
models CC1 and CC2. The larger values of the mééredvi,,./M.,, ratio are generally found for the
models CC5 to CC7. These models have a similaiiliyyéh compression, which is higher than that
of models CC1 to CC4, a fact that explains theedéffices found. In terms of the concrete models
based on Scott al. (1982), those with no softening after the pealsiterstrength or with no tensile
strength at all (CC1 and CC2) provided a betteeement for all sections. To complement the
previous results, Fig. 8 presents the meanp.Mi.,, ratio and the corresponding CoV for the results
obtained from all the combinations for each sectidme analysis of the results of Fig. 8a, combined
with those in Fig. 4, reveals that similar meap,M.,, ratios are found when considering all the
model combinations for each section and that, arame, the response variations due to the several
model combinations is relatively low. Moreover, whanalysing the corresponding variability (Fig.
8Db), it can be seen that sections NO5 (that presamierical values in one bending sign which are
lower than the experimental ones) and NO9 (whidhlketed an asymmetric experimental behaviour)
are those presenting the higher CoV values. In sifipn, section NO1, which involves deformation
levels with lower strength degradation, presentsllem CoVs since the differences between the
modelling approaches are less significant for thage of behaviour. Finally, it is noted that when
considering, for all the sections, all the peakghef full range evolution curves, a mean,¥Mex,
ratio of 1.04 and a corresponding CoV of 0.17 vwab®ined.
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With respect to the energy dissipation during ey@bading, the analysis was performed in terms of
cumulative energy dissipation and using the ragivieen the numerical dissipated energy and the one
obtained from the experimental results (GECE.,, ratio). The main focus of this part of the analysi
was on the quantification of the accuracy of thaading/reloading paths of the numerical behaviour
curves. It is considered that when the agreememidasm the numerical and the experimental energy
dissipation is better, the accuracy of the numeriwadel in representing cyclic degradation and the
unloading/reloading paths is higher. By analysing B, it can be seen that the concrete models CC1
to CC4 generally lead to lower levels of energysigiation when compared to models CC5 to CC7.
The latter present higher energy dissipation whempared to the remaining concrete models by
considering a higher concrete crushing strain atwvar slope of the post-peak curve to reflect the



influence of the large ultimate tensile strain bé treinforcing steel which was obtained from the
material tests (Rodrigueat al., 2010). Therefore, the results obtained showinlflaence of these
parameters since higher levels of energy dissipatioergy were observed for moderate to high
deformation levels. The differences reflecting thiduence of the several RS models in terms of the
Muun/Mexp ratios (Fig. 7) can be seen to increase when simgthe energy dissipation. The smaller
ratios, close to 1.05, were obtained when considgettie RS5 to RS8 steel models, while the larger
ones, of about 1.60, were found when using the 88& model. Intermediate results were obtained
with the RS4 model, a model that includes Bausehirgffects but has no cyclic hardening. The
models RS5 to RS8 resulted in smaller values ofrtean CE,./CE.,, ratio that, when combined with
the CC5 or CC6 concrete models, lead to a meap. L., ratio of 1.16 and, when combined with
the models CC1 to CC4, lead to a value of 1.10. dresented global comparison provides a general
overview of the overall differences found for thdl fange of the section behaviour evolutions due t
the selected material models. Still, the behaveuaraging that is implied when considering the full
range of the behaviour evolutions might be maskinegfact that, for some behaviour ranges, a given
combination could overestimate the response wimterestimating it for another range. Therefore, to
mitigate this effect, the analysis of the behavieuolutions is presented separately in the follgwin
for the three ranges of behaviour previously ref@rThe comparisons were made by analysing the
Muun/Mexp ratio and using the DLS1 and DLS2 thresholds passe the behaviour ranges.
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4.2. Comparison of the numerical and experimentalgsponses up to the onset of yielding

The first behaviour range considered goes up t@tiset of the section yielding, which represengs th
DLS1 limit state and is defined herein as the yrgdf the first bar of the section. After identifg

the value of the yield curvature, and the corredpanmoment, the peak moments of all the cycles up
to the development of DLS1 were selected for compar The analysis of the stress-strain behaviour
of the numerically modelled steel bars has shova, flor the considered yield strain, all the model
combinations predicted the same yield curvatureafagiven section. However, the corresponding
moments obtained numerically exhibited some diffeess with respect to the experimental one. The
experimental yield moment was considered to be riteenent from the experimental behaviour
evolution which corresponds to an abscissa equaletmumerical yield curvature. Considering all the
MuunfMexp ratios corresponding to the peak moments of tlbesyup to the development of DLS1,
Fig. 10a presents the mean value of such raticaraut for each combination of models and for each
section. The variations of the )W/ Me,, ratios were found to be between 0.75 and 1.53 Nf@®).
Given the wide range of such results, it shouldpbited out, as referred in Section 3.1, that
differences in the hysteretic behaviour and inghergy dissipation were found for the elastic range
with the experimental reloading stiffness beingngigantly different from the (numerical) elastic
stiffness. Still, the results also indicated tha¢ type of RS model considered did not influence
significantly the response in this range. On thieeothand, the fact that a given concrete model
exhibits tensile strength appears to play a fundaaheole. By analysing the mean of the,MMe,,
ratios of all the sections for each modelling camaltion (Fig. 10b), it can be seen that the raties a
very sensitive to the modelling of the tensile hédar of the concrete. The best results were fdiond
the cases were no tensile strength or no tensiotiligu(where the tensile strength drops to zeftera
cracking) was modelled, with ratios of about 0.830t96. On the other hand, for the remaining



concrete models, the ratio vary from 1.19 (CC3).®&7 (CC7). Moreover, the variability of the mean
Muun/Mexp ratio up to DLS1 is independent of the selectednirBel. A global analysis of the results
obtained for all the columns and all the model cimations shows that the mean and the CoV of the
Mun/Meyp ratios were found to be 1.15 and 0.20, respegtiv@h the other hand, when considering
only the model combinations involving the CC1 ar@0dnodels, the global /M.y ratio found has

a mean of 0.94 and a CoV of 0.16.
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Figure 10.Results for DLS1: Min/Mey, ratios by section for each model combination i@an (b) and CoV (c)
of the Mun/Mexp ratios up to DLS1 for each model combination.

3.3. Comparison of the numerical and experimentalesponses up to the onset of the spalling

The second behaviour range considered goes fromrtbet of the section yielding up to the onset of
the spalling of the concrete cover, which represéimt DLS2 limit state and is defined herein as the
loss of strength, for the straig,,, of the outermost fibre of the concrete cover. Titst step towards
the analysis of the spalling was to evaluate theature corresponding to the loss of strength ef th
outermost fibre of the cover concrete. With thietiihold, the range of moments from DLS1 and the
curvature corresponding to the beginning of spalivere defined along with the /M.y, ratios of

the corresponding peak moments. Figure 1la preseatsnean M../Mey, ratio obtained for each
model combination and for each section. It candenghat the higher ratios were found for section
NO6, ranging from 1.07 to 1.13, and that the loveg¢ios were obtained for section NO9, ranging from
0.97 to 1.06. These lower values may, neverthelessinderstood in light of the asymmetry of the
NO9 global response which implies that, for onehaf bending signs, lower values of the numerical
response will occur when compared to the experiataries. Figures 11b and 11c present the mean
and the CoV of the M./Me, ratios for each combination and for all the sejaorresponding to the
peak moments of the cycles within the current bishavange.
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Figure 11.Results for DLS2: M,n/Mey, ratios by section for each model combination if@gan (b) and CoV (c)
of the Myun/Mexp ratios up to DLS2 for each model combination.

It can be seen that the large differences resuliiogn different modelling combinations are now

significantly reduced. Therefore, the importancethad concrete tensile behaviour modelling which
was observed up to DLS1 becomes unimportant inrtmge. As can be seen by the results, the
Muun/Mexp ratios are similar for all the models considetsaoth in terms of the mean value and of the
CoV. The overall mean values vary from 1.02 to 1\@8h the higher value found for combinations

with CC7. With respect to the influence of the k@edels, the ratios obtained with RS5 to RS7
present lower values than those of the remainindetsobut differences between all the models are



very low. Considering all the data for the yielditmythe spalling range and averaging over all the
sections and all the models, thg,MM.,, ratios have a mean value equal to 1.05 and a COV18.

3.4. Comparison of the numerical and experimentalesponses after the spalling

The failure of the section after the spalling caxcuw due to several different mechanisms, and the
agreement between the numerical and experimensplonses will depend on the ability of the
selected models to predict with sufficient accuréfoy occurrence of such mechanisms. After the
spalling, the section can present buckling of #hiaforcement bars, crushing of the concrete core or
loss of capacity due to the degradation of thefoeting steel. Since assuming a specific ordetter
occurrence of these phenomena may lead to biasegarative results, the spalling of the concrete
cover concrete (DLS2) was considered to be thetaighe section degradation, and the subsequent
degradation mechanisms were all considered inglesimehaviour range starting at DLS2 and going
until the end of the recorded experimental restdessed on these considerations, the peak moments
occurring after DLS2 were obtained to define theresponding M,./M.y, ratios. Figure 12 presents
the analysis of these ratios. According to Fig., Miaich presents the mean,\M/M.y, ratio obtained

for each model combination and for each sectioereths a significant variability of the M{/Mex,
ratios for each combination and section which ramgeveen 0.82 and 1.23. Sitill, a specific trendhwit
respect to the influence of the concrete modelsbeaitentified. This trend is more clear in Figh12
which presents the comparison of the mean valueshefratios obtained for each modelling
combination. With respect to the influence of tlimarete models, it is observed that the considered
level of ultimate concrete strain influences theules obtained. Higher ratios were observed for
models CC5 to CC7 when compared to those obtamreshddels CC1 to CC4. This fact indicates that
the results obtained for the present range ardatsen® the definition of the ultimate strain dig
concrete and to the consequent simulation of timerebe compressive failure. With respect to the
influence of the steel model, it is observed thatats including strength degradation effects induce
ratios smaller than 1.0, with the lower values gedbtained with models RS6 and RS7 (around 0.88).
Finally, it is noted that when considering the i=sobtained for all the models and columns, the
MuunfMexp ratios were found to have a mean value of 0.97aa@dV of 0.19.
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Figure 12.Results for the post-DLS2 behaviour range;, M., ratios by section for each model combination
(a); mean (b) and CoV (c) of the,M/Mex, ratios for each model combination.

4. CONCLUSIONS

Since there are currently a number of structural amaterial models available for the numerical
simulation of the behaviour of RC members undethgaiake loading, the uncertainty associated to
such different modelling strategies is a sourcairmfertainty that must be analysed. As a first step
towards a comprehensive analysis of the epistemgerntainty associated to the numerical modelling
of RC members, a study analysing the structurglarese variability at the section level resultingnfr
different modelling choices was proposed. The stmglysed the performance of 56 fibre modelling
combinations for the numerical simulation of moremtvatures evolutions obtained from five
experimental tests on RC columns. To determineptréormance of the modelling approaches, the
results are analysed for three behaviour range$o tipe onset of yielding (DLS1), between yielding
and up to spalling (DLS2), and after spalling. Tgeformance of the modelling approaches was



analysed essentially in terms of the numericaldpegimental ratio of the peak moments,(MMe,).

The analysis of the results indicated that modglthe elastic range of the behaviour up to DLShwit

a close match to the experimental data is difficlilie results indicated that the type of steel rhode
considered did not influence significantly the masge in this range, but considering (or not) the
concrete tensile strength appears to play a fundeaieole. With respect to the behaviour range
between DLS1 and DLS2, the results indicated thiéhin this range, the differences between the
several modelling combinations are now significamdduced. Furthermore, the best average match
between the numerical results and the experimames was obtained for this range. On the other
hand, for the last behaviour range, the resultainbtl were seen to be sensitive to the adequate
definition of the concrete ultimate strain andhe tonsequent simulation of the concrete compressiv
failure, as well as to the characteristics of thiergyth degradation effects of the selected steelen
Furthermore, it was seen that no single combinatfomumerical models is able to produce a best fit
throughout the whole range of behaviour for thes fsections modelled. Still, the RS6 steel model
provides adequate results for the full range ofavedur. On the other hand, for the behaviour range
up to DLS2, the concrete model CC2 is recommenglde for the simulation of larger deformation
ranges, model CC6 is suggested instead.
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