TOWARD EFFECTIVE STRUCTURAL IDENTIFICATION OF
MEDIUM-RISE BUILDING STRUCTURES

A. Nguyen K.A.T.L Kodikara, T.H.T. Chan & D.P. Thambirathnam

School of Civil Engineering and Built Environment, Queensland University of Technology,
Brisbane, AustraliaEmail: a68.nguyen@qut.edu.au

ABSTRACT

Structural Identification (Skd) is the process of constructing and calibragnghysicsbased
model based on the measured static and/or dynamic response of the sthweutiee last two
decades,although the Stld methodshave become increasingly populaamongst civi
structural engineering commuiis, mostcompleteand successfapplications are often found
with flexible structures such as loisgan bridges and towekgery fewcomprehensivetudies
werereported orbuilding structures, especialtiosewith mediunirise characteristicahich
are often associated with complicated analytical modelling and different degrees of parameter
uncertainties To address this needhis paper presentan in-depth study on Stld of a
benchmark mediumrise building firstly demonstratingthe importance of developing
appropriate initialanalytical modelghat can be used for thautomatedmodel calibration
techniquesThen a novelparametric study based sensitivity analygiproachs introducedo
identify tuning parametes as well agheir appropriate ranges tmaximise the correlation of
the calibrated model whilst preserving the physical relevance of the calibrated Moddl.

dataof the first few modes measured under ambient vibration condd@ienssedn this study
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Introduction

Structural identification (Skd) can be defined as the system identification of civil structures
by developing and calibrating a physiteased analytical model with the dynamic response of
actual structurefl]. Although there are a number of definitions foilprocesgound in the
literature the main components of -8 can hence be identified as (1) structural
conceptualization and development of analytical models (2) identification of dynamic
characteristics of the actual structure through experimental evalua@ijomodel calibration

and validation[1-3]. The application of Skd was first in earthquake engineering to identify
the dynamic characteristics of civil structures such as buildings, dams and nuclear fgkilities
6]. With the advancement iromputer sensor andestingtechnologes during the last two
decades, civil engineering researchers became interestéitising vibration based Sid for

conditionassessmernd health monitoringf real constructed systerfi&11].

So far, finiteelement FE) modellinghasno doubtbeenthe most populaapproacto develop
physicsbased analytical modeler real civil structuresHowever, even with the presence of
the most sophisticated software packagievelopment of a completand representativeE
model is still a very challenging tag1]. Common uncertainties that adbfficult to be
completely eliminaté in theFE modellingorocessare simplifying assumptions of geometrical
and material properties of the structure and uncertain boundary confllt#ridence before
using the analytical models fany further analysis taskis,is important to properlgorrelate
andcalibrate the initially developed FE mod®l means of experimental data collected from
the actual structumnost dominantly in the form of moddata such as frequencies and mode
shapesin recent yearsoperational, or outpenly, modal analysi$OMA) hasusually been

the preferred experimentalapproach, incomparisonwith the conventional inpubutput



counterpartdue to obvious benefits suchitsseconomical aspeendbetter suitabilityfor in-

service structures.

Once the FE model groperlycorrelated with the experimental dataodel calibration task

can be conductetodel calibration can be described as the process of correcting the modelling
errors of an analytical FE model using measured data and this technique is applied to generate
a refined baseline FE model that accusagledicts the dynamic or static behaviour of a
structure. The purpose of model calibration is to adjust the mechanical and materials properties
as well as geometrical properties of structural elentertbtain a better agreement between

the developed physidsased FE model and experimental resufsr civil engineering
structures, the ost popularmodel calibratiormethods are based on sensitiatyalysisand

often implemented in iterativeomputationmannes [13]. Thesemethods first identify the
uncertain parameters through a comprehensive sensitivity analysis and systematically change
the parameters to minimise the discrepancies between FE model atatdefienconducted

using aniterative procedure Several successful case studies can be found in literature using
automatedsensitivity based model calibration methodeedominantly inflexible structures

such asfootbridges,long-spanhighway bridges bridge towersand tall buildings[13-20].
However very few studies are reped oncomplete Sid processesn buildings especially

those with mediuntise characteristid®1]. These types of structures are often associated with
complicated structural details leadingdballengedor the users in developingatisfactory

initial FE models for Std purposes. Further, the presence of different degrees of parameter
uncertaintieseads tadifficulties in maintaining the tuning parameter variationgpropriate

ranges duringhe model calibration process

To address thabove issugthis paper presentscamprehensivét-ld procesof areasonably
complexmediumrise building structurewith a focus on solutions tobtainng satisfactory

initial FE models as well as appropriately controlling and managing the automated model



calibration proces$o overcome difficulties associated withis type ofstructure The test
structure is dandmarkbuilding of Queensland Universitygf Technology (QUT)which was
equipped witha longtermmonitoring system to capture ambient vibration respofigesrest

of this paper is presented as folloB&ction2 provides a brief description ttie test structure
as well as the relevarmnonitoring system and measured dd®&rategiesto obtain an
appropriately representative FE modeltaendemonstrated in Section 3 while Section 4 gives
detailedsolutionsfor managingthe complexmodel calibration processFinally, Section 5

summariseshe findings and recommendations from the research.

Test structure, monitoring system and measured data

Thetest structureonsidered in this paper is thein building, named P blockf the Science
and Engineering Centre (SEC)QUT &ardens Point Campus the city ofBrisbane(Fig.
1Fig—1). Known as oe of the mosinnovative and dynamic community raim the Southern
Hemispherethe SECP blockhousesstateof-the-art analytical research instruments worth of

A$17 million anda giant digital lab nameti t h e  @wvhteetube(gqut.edu.hwvith 48

multi-touch highdefinition screens soaring across two stosyengst other modestientific
facilities. With its sustainable design, tHeEC was awardeda 5star Design Education V1
Certifiedratingby the Green Building Council of Australraaking it one of the highesated

‘“green’ buil Blngs i n Brisbane


http://www.thecube.qut.edu.au/

T Tri-axial sensor
™ Single-axis sensor

Fig. 1 P block building: front corner vieleft) and side view with sensor positions (right)

Structurally,P block is areinforcedconcrete(RC) frame structure with post tensioned slabs

and RC columns. The building has four seomderground levelghe footprint of whichare
approximately 75m x 65nmlhe six upper floor leveldhavea smaller area with approximate
dimensions of 65m x 45m. The total height of the building is 42m from the formation level of
the buildingwhile thefloor height of the building varies in thenge 2.7m to 4.5m. Even though

the structure has an overa#ithercommon configurationwhen concerning thestructural
detailingthe buildinghasmanyvariations in terms of slab thicknesses, slab openings, column
sizes and orientation¥hree main shearalls are placed in the middle of the building, two to

the east and other to the west to resist the lateral loads due to potential wind, lateral seismic

loads and torsional forces. A level 4 layauttich can be considered as a typical floor lasel

presented itfrig. 2Fig-—2. Formatted
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Fig. 2 Level 4 layout of P block
As an important publ i c venwdingrongentddstmiaaet © bui

permanentmonitoring sulsystems[23], but for the scope of this paper orthe vibration
monitoring system and its measured data will be described fufthigs peripheral level, the
vibration monitoring system consists eix tri-axial accelerometers and two singbes
accelerometerall with +/-2g input range and 2V/g setigity. The sensorsvere located on
levels 4, 6, 8 and 10 (séeg. 1Fig-—2 right) aimingto acquire vibration resporsia ambient
excitation conditionso enable longerm assessmeriDue to large measurement coverage of
the monitoringsystens herein a distributed data acquisitidbAQ) systemarchitecture was

adopted andor each DAQ node controller and chassis integratggtemmodel cRIG9074



was employed to power and conteAchsensorvia an analog input module N9239 To
synchronizemultiple local sensor cluster& TCP/IP command based dagnchronization
method was derivefbr useasa costeffectivereplacementor thetraditional hardware based
synchronization schemedcceleration data was acquired continuousigder ambient
excitation conditiongnd split into 30 minutsubsets for operational modal analysis (OMA)
purposes. To deal with large number of datasetsadhanced OMA technique namddta
driven stochastic subspace identificati@BFdata) was usedtestimate modal information
and up to & well-excitedmodeswvereestimatedFig. 3Fig-—3 showed e building modelused
for SStdata analysesnd theanimated shapes of thest five modesvhichwill be usedurther

in this paper More detail of the P block systeand previousSHM studiescan be found in

previous publications of the authd&3-25].

Building model Mode 1 @ 1.15 Hz

Mode 2 @ 1.54 Hz Mode 3 @ 1.65 Hz

Mode 4 @ 3.99 Hz Mode 5 @ 4.25 Hz

Fig. 3 Building modelfor OMA and typical animated shapes of first fwibrationmodes



3 Structural Conceptualization and Development of Analytical Models

It is important taunderstandhe difference in structural conceptualization and development of
analytical modelsit differentengineeringstages such ake designstageor postconstruction
stage so that an appropriate analytical model can be chdsestudythis phenomenofor the

P block structurethe results of aimple FE model developetlased on the design drawings
werechecked against tH@MA data The results wereompletelyunsatisfactoryas the original
error for the frequencies of first three modes is close to&td4he modetalibrationresulted

in over 100% change to the selected parametéesce, more detailed FE modelwere
developedbased on the fixities of the four semmderground basement wallsing the
commercially available software package SAP2Q§f0 Computer and Structures, Inc.
(www.csiamerica.comto obtain the most suitable initi@nalytical modelfor the model
calibration.The common considerations taken during the developmaeait tfreeinitial FE

modelsare summarized below;

1 To enablethetorsional behaviour of the FE models to be as close as possible to the real
structure detailed modellingvas considered whedealingthe shear core® take into
account major and minor openingsd internal thin walls

1 To maintain the rigid behaviour of floor levels floor diaphragnese assigned to each
floor level

1 The spandrel beamsere modelled as shell elements instead of commonly used frame
elements

1 The nonstructural components (NSCeere not included in the FE models; since the
building cladding was fully glazed and all the partitiongre lightweight initial

investigations revealed that the effect of mass and stiffness of NSCs was negligible.


http://www.csiamerica.com/

1 Average slab thicknessagre considered in the FE models; since the building consists of
complex interior slab configurations dwit impossibe to model the floor slabs in detail.
This couldbe justified since in the automated moc@ibrationfloor slab thickness can be
used as auncertainparameter to account for teenplifying assumptions used in the initial

FEM.

Based on these rulgfyree different initial modelsvere developediased on different fixities

of the four semi underground basement walls of the structure. In the first model (FE model 1)
no fixitieswere considered in any basemaralls, while second model (FE model Bxd fully

fixed condition used in all four basement walls and the third m@deimodel 3)employed

fully fixed conditionfor all horizontal basement walfer the firsttwo levels.

The natural frequencies amaode shapesbtained from the OMA anédll threeFE models
were comparedo identify the most appropriate analytical mottel the automated model
calibration For mode shape correlatipmodal assurance criterion (MA®@Jas usedand the
following equationwas used tocompute the MAC between an analytidaidex a) and

experimental mode shape (index e);

2

(MAG(Y..Y. )= (ABES:

- t t (1)
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Comparisonof the frequencies and mode shapeOMA results withthe threeinitial FE

modek are presented infable 1Fablet and Table 2Fable2 respectively By analysing the Formatted

correlation data of all theeanalytical mode]st is clearthatalthough FE model 3 has better
correlation in terms of frequencies for some moghesdes 12 and 4) FE model 1 has the
overallbestcorrelation in terms of frequencies and mode shapea#i ive modes hencthis

model ischosen for thautomated modelalibration



The FE modell, as shown irFig. 4Fig—4 consists of 1400 frame elements (hodel all the

columns) and 8000 shell elements (for si&B0and shear wall2320. As illustrated inFig.

Formatted

AFig—4 all of the first five modes are global, and in the range of 0.990 Hz to 4.972 Hi Formatted

frequenciesanddetailed features of tsemodes are presentedTmble 1Fablel. Thelargest
frequencyerroris 16.88 %occurred at modé5 while MAC valuesof FE model lagainst
OMA data(Table2Fable2) have below par values for somedege.g. #2 and #3)whichcan

bothbe attributed to uncertainties from tlaege scale structurenodellingtasksas well as the

demanding ambient vibration testing conditions.

Tablel Comparison of frequencies of three different FE models against OMA results

Mode Description of | Freq®“A Freq ™M [Error FEMvs- OMA

No Modes FE model 1 | FE model 2 | FE model 3

1 1stranslational | 1.147Hz 0.990Hz 1.332Hz 1.010Hz

X direction [-13.69%) [16.13%) [-11.94%)

2 1sttranslational | 1.544Hz 1.452Hz 1.717Hz 1.502Hz

Y direction [-5.96%] [11.20%] [-2.72%)]

3 15ttorsional 1.653Hz 1.678Hz 1.987Hz 1.723Hz

[1.51%)] [20.21%)] [4.23%)]

4 2" translational | 3.989Hz 3.680Hz 4.746Hz 3.787Hz

X direction [-7.75%)] [18.98%) [-5.06%]

5 2" torsional 4.254Hz 4.972Hz 5.325Hz 5.111Hz

[16.88%) [25.18%) [20.15%)

Table2 Comparison of MAC values dliree different FE modeksgainst OMAresults

Mode MAC Values(vs. OMA)
No | FE model 1| FE model 2| FE model 3
1 89.9% 80.3% 88.9%
2 50.5% 11.1% 36.9%
3 42.5% 12.8% 35.0%
4 63.2% 52.5% 59.2%
5 68.4% 30.2% 59.7%

Formatted



FE Model Mode 1 @ 0.990 Hz

Mode 2 @ 1.452 Hz Mode 3 @ 1.678 Hz
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Fig. 4 FE model land typical animated shapes of first five vibration modes



4 Model Calibration and Validation

After developing an initial physiesased FE model and identifying the dynamic characteristics
by experimental evaluations of the actual structure, the next step is to calibrate and validate the
physicsbased model in a maer to suit the objectives of the-itapplication. Hence, the
calibrationstepis one of the most important tasks ofl&tof a structureln this study, the
sensitivity based automated model calibration process is implemented througioof<EM
softwarepackagd 26).
4.1 Response Selectiof,arameter Selection and Sensitiviynalysis
A successful model calibration depends on approprdeéetson ofuncertainparameterience
careful attention should be paid on choosing uncertain parameters in the FE model to increase
the physical relevance of tiparameters in the updated modéko, it is important that all the
chosen parameters are sensitive to the selected respdtesesithelessfor large structures
selection ofparameters that can be systematically copéd facilitate automatedmodel
calibration
In this studythe chosemncertainparameters are as follows.

T Young’s Modulus (E)

1 Mass Densityn()

1 Cross Sectional Area (AX)

1 Torsional Stiffness (IX)

f 2"9Moment of Area about Y (1Y)

1 2"9Moment of Area about Z (12)

1 Shell Thickness (H)
Their detailed distributionaretabulated in

Table3Table3.

Table3 Description ofmodelparameters used in sensitivity analysis



Uncertain parameter Element types Number of finite elements
E All elements 9400
r All elements 9400
AX Frames (Columns) 1400
IX Frames (Columns) 1400
Y Frames (Columns) 1400
Iz Frames (Columns) 1400
H Shells (Floor Slabs only) | 5680
30080 (Total)

Since the parameters chosen are of different types, relative sensitivétiesised for the

sensitivity analysigthe sensitivity matrixvas obtained by finite difference method

[s]=¢ g @
e~

[S] = Relative sensitivity matrix;

|_P}J = A diagonal, square matrix holding parameter values

Then the relative sensitivitiegerenormalized with respect to the response values.

[sn]=[$][R]'l=[R]'1§e%ﬁH] @

it

[Sn] = Normalized relative sensitivity matrix;

[R] = A diagonal, square matrix holding the response values

Thorough investigations wegarried out to identify the relationship of parameter changes of
the local elements to each response. As an exaimiplesFig—5 and Fig. 6Fig—6 show the
normalized sensitivities ahe-parameterserthe-againsttwo responses,.e. frequencyand

MAC of mode number 1.
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These figures show that the parameters E and H for some local elements have significant
sensitivityfor both responseselected1 & 6). Similarly, this process is carried out for all the

ten responses to identify the sensitivity of the chosen parametexadh response. Based on

the analysis the parameters with high sensitivitie® identified as tabulated ireble4¥able

4,

Table4 High sensitive parameters and correlation nature for the selected responses

Respons®&o | Response Descriptionn High sensitive paramete& correlation nature
1 Mode 01- Frequency | E—Positive Correlation

H — Positive Correlation

2 Mode 02— Frequency | E—Positive Correlation
RHO - Negative Correlation
H — Positive Correlation

3 Mode 03— Frequency | E—Positive Correlation

AX —Positive Correlation
RHO - Negative Correlation
H — Positive Correlation

4 Mode 04— Frequency | E —Positive Correlation
Y — Positive Correlation
|Z — Positive Correlation

H — Positive Correlation

5 Mode 05— Frequency | E —Positive Correlation
Y —Negative Correlation
IZ — Negative Correlation
H — Positive Correlation
6, 7, 8,9, 10| Mode 01, 02, 03, 04, 0! E —Positive Correlation

—Mode Shape IX — PositiveNegative Correlation

AX — Positive/Negative Correlation

H — Positive/Negative Correlation




Hence, based on tlsensitivity analysis results, sensitive local elements for each resperese
identified and selected for model calibratiéimr most of the tuning parameters, grougse
defined for theidentified elements based on element typaenake the updated parameters
physically realisable and meaningf@ine notable exceptiomas no seswere used for the shell
thickness As mentionecearlier, average slab thicknessasre used in the FE model and the
internal variationwas high in the actual structure. Hence, it is justifiableexcludeslab

thicknesgsin the parameter set

4.2 Model Calibration and Parametric Study

After selection of responses and appropriate parameters, model calibvasiararried out.
Sensitivitybased parameter estimation coupled with psenderse parameter estimation was
used as thealibrationalgorithm.

The Taylor series expansion limited to linear termas used to express thelationship

between the modal characteristics and the structural parameters.

{R}=C+[SI{R}-{R}

4
{DR} =[S[{ DP} (5)
{R} = Experimentabata
{R.} =Predicted responses for a given stglg of the parameter values
{P} = Updatedparameter values
To determine the desired parameter varigiisaudeinverse of the sensitivity matrixas
used since theumber of parametergas lower than the number of equations
{DP} =([SI'[SD) '[S]'{DR (6)

The leassquares solutions obtained from the above equation minimize the residue:

{residug =[S[{ DP} - {DR} (7)



Thecalibrationprocessvould be stopped when a given residue value was achieved, or a given
minimum improvement between two consecutive iterations was achieved or maximum number
of iterations achieved. For this particular case sttithse valuewere set as follows;

T Minimum residuevalue- 0.1%

1 Minimum improvement between two consecutive iteratioh€91%

T Maximum number of iterations100
For the modelkalibration maximum and minimum limits were implemented to make the
changes physically realisable and meaningful. Initially, 15% upper and lower beerels
implemented dr all the selected parameters and the calibration processedtafier 33
iterations (due to # minimum improvement between two consecutive improvements falls
below the established value of 0.01%pmparison®f frequencies and MAC values before
and aftemodelcalibrationare summarized imable5Fable5 andTable6Fable6 respectively.
Although some improvement in frequenciean be found inTable 5Fable5, there is a
significant dropn the MAC values of mode shape pairs 4 arf@idble 6Fableb).

Table5 Comparison of frequencies before and after modi#brationwith 15% parameter
changeboundsscenario

Mode Freq®V Before calibration After calibration
Number (Hz) Freg™=™ | Error "EMOMA 1 FreqFEM | Error FEMOMA
1 1.147 Hz 0.990 Hz -13.69% 1.041 Hz -9.24%
2 1.544 Hz 1.452 Hz -5.96% 1.526 Hz -1.17%
3 1.653 Hz 1.678 Hz 1.51% 1.705 Hz 3.15%
4 3.989 Hz 3.680 Hz -7.75% 3.835 Hz -3.86%
5 4.254 Hz 4972 Hz 16.88% 3.889 Hz -8.58%

Table6 Comparison of MAC values before and after mamgibrationwith 15% parameter
changeboundsscenario

Mode Shape Pair Before calibration After calibration
1 89.9% 89.0%
2 50.5% 67.2%
3 42.5% 50.9%
4 63.2% 36.6%
5 68.4% 34.7%




Since such MAC valuewould notbe considered as acceptable, a parametric stagythen
introduced to find the optimum level of allowable parameter change to improve the results of
the updated FE model. Here the shell thickmesschosen as the parameter for the parametric
study, because not onlywas sensitive to all the responses babat hal the highest sensitivity

for all the selected responsesdTable4¥able4d). In the parametric study, upper and lower
bounds of all the responses except shelktiess (Hwere kept at 15%. For the shell thickness,
upper and lower boundsgere changed from 15%45% with an interval of 7.5%Fiqg. 7Fig—7
illustrates the relationship between error in frequency (against OMA frequency) and the change
in upper and lower bounds for shell thickne®s the other hand;ig. 8Fig—8 shows the
variation of MAC value for each mode shape with the change in upper and lower bounds of

the shell thickness.
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Fig. 7 Frequency eor versusallowablevariancein shell thickness
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The frequency error for all the modescomesninimum when the allowabbeariancen shell

thickness is 30%Hg. 7Fig—7). Also,the MAC values of ahost al the mode shape pairs reach

highest value at the same allowable variance in shell thicki&$s8Fig—8). Hence, this

scenariovaschoseras the final configuration to perform the model calibration prodesse

6 summarises the maximum parameter changes farghfgguration The maximum allowable

upper and lower bound limits were achieved by four parameters, namely E (15%), Mass

Density (15%), 1Y (15%) and H (30%). The minimum variaweas achieved by IX whiclvas

the least sensitive parameter for all the responses.

Table7 Maximum parameter changéth the final calibration configuration

Parameter | Initial Value Max. Value | Max. Change| Min. Value | Min. Change
E 3.5E+07 4.26E+07 +15% 2.98E+07 -15%
kN/m?® kN/m?3 kKN/m?®
RHO 2.4 KN/m? 2.76 KN/m? +15% 2.04 kN/n¥ -15%
AX Varies Varies +8.34% Varies -9.61%
IX Varies Varies +1.31% Varies -1.51%
Y Varies Varies +14.3% Varies -15%
Iz Varies Varies +10.7% Varies -4.35%
H Varies Varies +30% Varies -30%




Results after 39 iterations for tHaal calibration configuratiomare summarized idable
8Table8. The table shows the OMA frequencies and the FE model frequencies for both before
and aftermodelcalibrationfor the first five modes. Fromable8Table8, it can be seen that

four out of fivemodesof the calibrated FE modate in excellentnatchwith the corresponding

OMA modeswith only 1.3% or less error. The largest erofr4.6%is with the first mode

which still showsa very goodnumericalexperimentalcorrelationfor practicalmodelling
purposegspecially whewronsideringhelow frequencycharacteristic of this particularly mode

as well aghe scale of tis buildingstructure.

Table8 Comparison of frequencies before and after modi#brationwith the final
calibration configuration

Mode Freq®VA Before calibration After calibration
Number (Hz) Freq™®™ | Error EMOMA | Freq™M | Error FEM-OMA
1 1.147 Hz 0.990 Hz -13.69% 1.096 Hz -4.62%
2 1.544 Hz 1.452 Hz -5.96% 1.555 Hz 0.71%
3 1.653 Hz 1.678 Hz 1.51% 1.657 Hz 0.24%
4 3.989 Hz 3.680 Hz -7.75% 3.988 Hz -0.03%
5 4.254 Hz 4972 Hz 16.88% 4.258 Hz 0.09%

Table9Table9 shows the MAC value for each mode shape pair before andalitanatingthe

model. A graphical comparison of mode shapes of the FE model and OMA is shown in Figure
10. FromTable9Fable9, there are three pairs matching with 84% or higher MAC values. The
other two modes also have a reasonable match with over 60% MAC values. This can be
considered as an acceptable result cansig the complexities of the structural details and
boundary conditions as previously mentioned as well as the demanding ambient monitoring
conditions.In fact, it has been widely acknowledged that precise mode shape measurements
are very difficult to bebtained under ambient testing circumstances, see for ingtafjce

Table9 Comparison of MAC values before and after maxtgibrationwith the final
calibration configuration

Mode Shape Pair Before calibration After calibration
1 89.9% 88.6%
2 50.5% 90.2%
3 42.5% 63.1%
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Fig. 9 Graphical comparison of e shapebetweercalibratedFE model and OMAresults

To highlight theefficacyof the Stld procedure adopted in this research, it is worth comparing
the results othis study with the results of similar cases reported in literature. As mentioned in
section 1 Ventura et al[21] conducted an automatedodel updating on a 15 story building

updatinginitial FE model developed based on design drawkmgérst six vibration modes



derived by OMA The largest error in terms of frequency and maximum MAC value for the
mode shape pairs is 13.3% and 85% resypelgtas opposed to the 4.6% and 89.4% in this case
study. Further, in the aforementioned case study most tuning paramvetersubjected to
higher variation from the initial values such as E values of floor slabs 70% and | values of
columns 50% which tenb cause the loss in physical relevance of the updated FE miodels.
the studyherein,most parameter variations were limited to 15%cept the shell thickness of

the slabswith 30% variation boundsto ensure that the updated FE model was physgical

relevant and meaningful.

Conclusion

This paper presentedcamprehensiv&tld study onabenchmarknediumrise buildingwith
afocuson strategies tmbtain appropriateitial analyticalmodelas well asto manageduning
parameters effectively to maximise the metsit correlation while maintaining the physical
relevance of theutcome From the results of this reseay¢he following conclusiongnd
recommendationcan be drawnfor enabling effectiveStld processs for mediumrise

buildings

9 [Initial analytical models should be constructed based tnidtsdrawingsandother as
construckd documentsather than design drawings to account for changes occurred
during theconstruction process.

1 Compared to highise buildings, boundary conditions of meditnse buildings
especially those that have basements tend to have more significant impact on the initial
analytical model. Hence, different modelling options for boundary components should

be carefully evaluated agmt each other as well as against experimental results.



1 The use of average thickness for shell elements of floor slab systems in the initial model
speeds up the modelling process since thickness variations are normally high in
mediumvrise buildings espedig those that are used as miptirpose facilities.

1 Since the number of tuning parameters in real building structures is often very large,
the exclusion of lowsensitivity parameters is a must to avoid ill condition of the model
calibration processThis can be realised yb examining the relationshipbetween
parameter changeand the mainresponse such as the modal data of the first few
modes

1 The use of parameter set and appropriate parameter bounds should be used to ensure
the calibrated model is physity relevant and meaningfuHigh-impact @rameters
with highand arbitraryariations like the thickness of floor finite elements should have
larger variation bounds and can be excluded from parameter set to thkaw
calibration to be treateith a moredetailed mannerThe use of sensitivity analysis is
also recommended for determining optimal range of variation bounds for these types of
parameters.
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