Ceské vysoké &eni technické v Praze, Fakulta stavebni

Czech Technical University in Prague, Faculty of Giil Engineering

Doc. Ing. Petr Konvalinka, CSc.

Experimentéalni vySe¥ovani stavebnich konstrukci a materiak a jejich verifikace

Experimental Investigation of Building Structures and Materials and their Verification



Summary

Experimental investigation of building structurasdamaterials presents very extensive
problem, consist of implementation of many diffaréelds of knowledge to the resulting
process. Because the results are influenced by mentgrtainities is needed make a
comprehensive investigation for each basic proeedtiexperimental work. The main goal is
how the data results can be influenced, how importéghese influences are and how is
possible to eliminate or despatch them.

How was described above, the problem is very erxtenauthor is focused on the most
common building material as concrete is. He praviddot of experimetal works concerning
material characteristics of concrete and determihednost important influences on resulting
measured data. The most important of them are :

* size and shape of the specimen

» planarity and parallelism of the specimen

» type and speed of loading

» finishing of surface of the loading platens

» setup of sensors on the specimen and on the loatiten of loading frame

e driving of loading by increasing of deformation

Each of these parameters can have basic influemecesulting data. It is very important
setup methodology of experimental investigationoihtan guarantee certain credibility and
especially repeatability of measurements. That odsiltogy was designed under the
leadership of author and accredited and is usedlffexperimental investigation.

Experimental investigation of building structuresased on originality of solution which
are applicated in situ. First, the prediction ohdé@or of the structure should be done
including a simple structural analysis, selectibrdominant parameters of the structure and
assessment of type of measuring devices and seftvgecond, the actual measurements
should be provided, consist of record block of suead data, their selection, special kind of
data filtering and data calibration in relationtbh@ reference point. Third, the right choosen
results would be produced, including the measurémesuracy, the measurement uncertainty
and verification, validation and variability of thesults.

In presented work are discussed experimental memsints of building structures which
has been provided in past few years. These measuotenare interesting because of
originality of concept of measurement devices. Tifst two experimental work are concrete
slabs reinforced by GFRP reinforcement and presttesI beams made from plain and
smeared concrete.The other two practical exampéesteucture of Ruzynairport radar and
structure of roofing of Slavia football stadium.

In the end of the work is described problem of fi@tion and validation of experimental
data including variability of results of experimahineasurements.



Souhrn

Experimentalni vySébvani stavebnich konstrukci a matearipgtedstavuje velmi obSirnou
problematiku, sp&vajici v implementaci mnohatiznych oboii ¢innosti do vysledného
procesu. Protoze jsou vysledky zatizeny mnohato&isi, je teba podrobit kazdou zakladni
proceduru experimentu komplexnimu zkoumani. Jde zjistit, jakym zgsobem mohou byt
vysledné hodnoty ovliwmy, jak vyznamné tyto vlivy jsou a jak je moZnéegjeminovat nebo
zcela odstranit.

Protoze problematika experimentalniho videdni stavebnich mateniaje velmi Siroka,
zametil se autor na jeden ze zakladnich stavebnich malter beton. K tomuto delu byly
provedeny mnohé experimenty, diky kterym byly Zi$t nejvyznamajsi vlivy na vysledné
metené veléiny. Mezi tyto vlivy pati zejména :

» tvar a velikost zkuSebnichles

e rovinnost a rovnok¥nost podstav z&tovacich gles

e zpasob a rychlost zazovani

e Uprava povrchu zétovacich desek stroje

e 0sazeni snintd na tlese a na zatovacich deskach stroje

» fizeni zatZovani girastkem deformace

Kazdy z &chto paramefr mize mit zasadni vliv na vysledné hodnoty, a protdijezité
sestavit metodicky postup experimentalniho igaetni, ktery by zajistil @witou vérohodnost
a zejména opakovatelnost experinierfakovy metodicky postup byl pod vedenim autora
sestaven a akreditovan a postupuje se poéjlepin vSech experimentalnich zdabvacich
zkouskéach.

Problematika experimentalniho vy&mtani stavebnich konstrukci je zaloZzena na
originalnich postupech, které jgeba aplikovat in situ. K tomu je geba nejprve fedem
provést odhad chovani konstrukcéetré jednoduché statick& dynamické analyzy, vyis
rozhodujicich parameir vySetované konstrukce a stanoveni vhodnychatypeéricich
prostedki a software. Dale je nutné provést sestavegfiamn linky a vlastni ndieni,
zahrnujici vSechny ipdvidatelné vlivy, zaznamenatémana data, provést jejich selekci,
specialnim zpsobem tato data filtrovat a kalibrovat ve vztahwefiere@nim bodim,
Nakonec je pdtba spravé vyhodnocena data vydatgetne specifikace nejistoty #teni,
verifikace a validace vysledla jejich variability.

V piedkladané praci jsou popsana experimentéléfem stavebnich konstrukci, které
byly v poslednich &kolika letech provedeny a jsou zajimavé zejmén&ediska originality
sestaveni ®ficich prostedki. Jednéd se o dva experimenty konstnigh prviki — betonové
desky, vyztuzené GFRP ¢gmi a betonoveé iedepnuté T nosniky z prostého betonu a
dratkobetonu. DalSimi z popisovanych experimgsbu n&feni deformaci konstrukce radaru
na letiSti v Ruzyni a wfeni deformaci ocelové konstrukce iedeni fotbalového stadionu
Slavia.

V zawru prace je popisovan égob verifikace a validace vysleilkméieni etns
variability vysledki experimentalnich gkeni.
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1. INTRODUCTION

During the past twenty years a great deal of rebearork has been carried out on an
experimental investigation of building materialsieTmain aim of this research work is to
increase knowledge of experimental investigationnwdterial characteristics of building
materials and building structures as well.

The most sought material property of building materis probably strength despite the
fact that in many cases other characteristics neagdually or even more important. This is
understandable because the strength of the buildiaigrials is technical property of high
importance. On the other hand, the strength idusive property. Even if all factors that are
known to affect strength are constant, there stlh be wide dispersion in the numerical
values of the measured strength depending on hdwew well the measurements are done.

2. EXPERIMENTAL INVESTIGATION OF BUILDING MATERIALS

2.1 Concrete strength

In most structural applications the concrete ighe center of interest. It is employed
primarily to resist compressive stresses. In thaeses, where other stresses are of primary
importance, the compressive strength is still fesdly used as a measure of the resistance
because can be easily ascertained. For the sas@nrdae compressive strength is generally
used as a measure of the overall quality of coaaeen when the strength may be relatively
unimportant [ 1]. In adition to its practical sifjnpance the tensile strength of concrete plays a
fundamental role in the fracture mechanism of haedeconcrete. It is an accepted view that
fracture in concrete occurs through cracking. Théans that concrete fracture is essentially a
tensile failure regardless of whether the fractsreaused by compression or other loading.

Therefore the mechanical properties of a hardenadrete are controlled to a great extent
by the fact its tensile strength is about 10% a& dompressive strength. In the practice,
tensile and flexural strengths are most commorilizetl in beams and slabs. To avoid undue
cracking in such structures the tensile strengtlofispecial importance despite its low
magnitude.

Perhaps the most important utilization of the simgastrength of concrete is in reinforced
concrete beams to control thediagonal crackindgefiteam under flexure. This is not a pure
shear situation. The case of pure shear actingpang has only theoretical interest. The pure
shear strength of the concrete is about 20% ofdn@pressive strength [ 1].

The importance of the torsion strength of conciisteevident from the fact that the
behavior of a reinforced concrete beam is pureidordefore cracking is similar to its
corresponding plain concrete beam. The torsiomgtheof the concrete calculated by the
plastic theory is usually somewhat highet thantéimsile strength.

The impact strength of the concrete is importaniniyan concrete piles and in certain
military constructions. As a rough approximatiohe tmpact strength of a concrete is about
50% of its static compressive strength [ 2].

2.2 Deformations of concrete

It is natural that when a load is applied to a cetecbody — it deforms. However concrete
deformations can occur even without external logdith can be caused by changes in
temperature, moisture, internal chemical reactiand many other conditions. Since these
deformations can be quiet large, they should begmted or reduced to acceptable size.



Another way to classify concrete deformations asvhgther they are elastic or inelastic,
or plastic or permanent. A deformation is elastibew it appears and disappears upon
application and removal of stress, otherwise itafied inelastic. Concrete produces both
kinds of deformation — that is why concrete is @adliscoelastic material [ 3]. The inelastic
part is greater for the first loading then for sedpgent loadings but continues to a certain
extent for each application of load.

A third way to classify concrete deformations isvidyether they are instantaneous or time
dependent. A deformation is instantaneous if ite@pp and disappears at the same time when
stress is applied or removed. Since the loadingumoading of concrete yielding the
development or elimination of stresses takes timetantaneous deformation and time
dependent deformation are not entirely separables known that a major portion of the
elastic deformation of concrete is instantaneous

Different concretes vary widely in their respongddad. The amount and character of the
deformation depend on the properties of the coacitst strength, the particular environment,
the magnitude of the load, application of the lgatt the elapsed time after the load
application when the observation is made [ 3].

2.3 Testing technique

The concrete as a most common material is usugshed in the laboratory conditions in
the loading frames. The loading frame should b# shough to prevent distribution of
loading to the frame columns. For compression @stsrge specimens of concrete is usually
used INOVA loading frame having the capacity of®%N. For smaller ones is better used
MTS loading frame with capacity of 100 kN. Loadifigmes are provided with a hydraulic
servomechanism, which has been used when loadspge@men in order to measure under
the deformation control.A constant strai rate oft0® m/s is usually used.
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Figure 1 : Loading apparatus INOVA (on the left)T $1(on the right)



2.3.1 Measuring of strains

The axial strains are measured by means of tensionsédrin gauges of different kind.
The strain gauges are located in the loading fram#ée two opposite sides of the specimen
and symmetrically in the quarters of the round ingdplatens of loading apparatus. The
separate readings of the two strain gauges locatdatie body of the specimen as well as of
four strain gauges located on the loading plateasised for information on the uniformity of
deformations of a specimen during the test.

Figure 2 : Location of strain gauges for experirménteasurements

The measurements had to be corrected for the defanns of the loading platens and for
extra deformations due to the setting of the loghlaten against the specimen [ 4], [ 5].
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Figure 3 : Tensometric strain gauges



Figure 4 : Inductive sensors

This setting is due to nonflatness of the specimaface, nonparallelism of loading platen
surface and specimen surface and internal setfittgedoading platens. The corrections have
been made by the software by which the measuredhdate been evaluated. The correction
methods have been extensively described in [ 6].

2.3.2 Preparation of the specimen

Special attention is paid to the flatness and pisth of the loading surfaces. This is
necessary for uniform loading. The top surfacenefdpecimen is brught into contact with the
platens of the testing apparatus. Because thisris not obtained by casting against a
machined plate, but finished by means of float, tpe surface is rough and not truly plane.
Under this circumstances stress concentrationgnaaduced and apparently the strength of
the concrete is reduced. Convex boundary surfagaseca greater reduction than concave
ones as they generally lead to a higher stresseatrations. The lack of parallelism between
concrete specimen and loading platen surface canitoenized by loosening the higes of the
loading frame when placing the loading platen agjaime specimen [ 5].
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3. EXPERIMENTAL INVESTIGATION OF BUILDING STRUCTURES

All of experimental work in situ consist of threensequential parts. First the prediction
of behavior of the structure should be done inclgdh simple structural analysis, selection of
dominant parameters of the structure and assessoifietype of measuring devices and
software. Second the actual measurements shoufitdvéded, consist of record block of
measured data, their selection, special kind dd €@iiering and data calibration in relation to
the reference point. Third the right choosen reswbuld be produced, including the
measurement accuracy, the measurement uncertaidtyexification and validation of the
results.

In the past a large number of experimental invasitgs of building structures were done
by the author as a principal investigator. In tlegtpages the only interesting examples will
be described.

3.1 Loading test of the GFRP reinforced slab

Nowadays an inconsiderable attention is paid on materials with better characteristics
and longer lifetime as well. Regarding reinforcesharete, one of the most important thing
that comes to mind is reinforcement itself. Comaosielectric and thermal conductibility can
decrease the material characteristics of the netaihforcement and therefore the lifetime of
the structures as well. Nevertheless a non-metaiidorcement offers an excellent behavior
in terms of corrosion-proof ability, thermal an@@tic non-conductivity and other excellent
characteristic. Moreover a very good strength oR8Fbar can approach the experiment to
very interesting results.

Concrete GFRP reinforced slab is loaded in a faintpbending test. Dimensions of
concrete slab are to be seen on the Fig. 5.
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Figure 5 : Dimensions of the concrete slab
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Concrete slab was reinforced with a six GFRP bath twwo strings. Diameter of the
GFRP bar is 14mm. All measuring data (deflectiorthia thirds and in the middle together
with a force) was recorded in frequency of 2 Hzading of the slab was carried out
continuously along the time range. According togtendards, beam was two times loaded up
to the 30% of the capability and unloaded. Aftegaslab was loaded up to the failure.

Figure 6 : Experimental setup in the laboratory

Figure 7 : Numerical analysis in ATENA software

Figure 8 : Distribution of cracks in ATENA software
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Working diagram
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Figure 9 : Working diagram of the slab

A significant difference can be seen between thekiwg diagrams of slabs reinforced
with GFRP bars and slabs reinforced with a coneaiali steel reinforcement.

Behavior of the traditionally reinforced slab walsteel reinforcement can be divided into
tree major parts. In uncracked stage slab behanearly up to the first cracks, when the
tensile strength of the concrete is reached. Wherttacks appeared, the stiffness of the slab
goes down. In this point reinforcement starts takw@\ll tensile stresses are taken by the
reinforcement itself. This is stage two. It last tgp the point where the steel yields.
Afterwards third stage begins, called cracked-istetaThis stage is characteristics by a rapid
increase of deformation with a minimum increasehef force. At the end of this stage slab
fails.

Behavior of the slab reinforced with a Glass FiBeinforced Polymers can be divided
into a two parts only. First stage goes hand indhaith slab with a steel reinforcement.
When the tensile strength of the concrete is refichtéfness of the slab decrease and GFRP
reinforcement starts to work. This stage continmese or less linearly up to the point where
the strength of the GFRP bar is reached. At thistpGFRP breaks without any previous
signs. No rapid increase of deformation or cracks loe seen. Therefore slabs itself fails as
well. GFRP reinforcement doesn’t have any plastitez Therefore it fails immediately at the
point of the maximum strength. From this point @w, another safety factors must be taken
into account.

Euro code doesn't include design procedure of aacstructures with GFRP bars.
Therefore an American code ACI must be taken irdooant. American code establishes
safety coefficient that reduce strength of the GERPaccording to the type of the fibers and
surrounding environment onto 70 — 100%. Anotheetyatoefficient depends on the way of
failure. If the bearing capacity of the elementinsited by the tensile strength of the GFRP
bar, safety factor reduces strength of the bar 6@86. If the bearing capacity of the element
is limited by the strength of the concrete, safatfor takes a higher value.
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3.2  Loading test of the prestressed T beams

Main advantage of using smeared reinforcement iig kgh performance in the field of
micro-cracks initialization. This point results mgh strength of the smeared reinforced
concrete. When using plain concrete micro-cracles pesent wherever concrete is use in
larger volumes. These micro-cracks results in akeseiag that leads further on into a visible
cracks eventually to the failure. Smeared reinforeet can prevent initialization of these
critical cracks by increasing of cohesion of theryg cement paste.

The goal of the experiment is investigation of doebr of two different types of
prestressed T beams — made from smeared reinfonteand stirrup reinforced concrete in
the age of 140 days. T beam is 3,5 m long, highthefbeam is 0,36 m. Upper flange has
width of 0,3 m and thickness 0,05 m. Web of the éarh is 0,31 m hight and 0,08 m
thick.Prestressed cable is placed nar the lowee exfgthe web. T beam is additionally
prestressed on 1 400 MPa.

| e
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Figure 10 : Deformation of prestressed T beams#sateconcrete - left, plain — right)

T beam is loaded in a four point bending test elay of shear failure. Forces are acting
close to the supposts. Loading were carried ouitiaddlly in the steps of 30 kN, 15 kN and
9 kN according to the displacement and crack opgeridisplacement was recorded by three
sensors placed under the acting forces and in itiélenof the T beam.

One crack only with a shear character right unteracting force was developed in the
case of smeared reinforced concrete. This cradettéurther on to the failure of the entire
element. On the other hand smaller cracks with iogncharacter uniformly distibuted along
lower edge of the beam were observed in the cas#iraips reinforced beam. Failure was
reached right after the destruction of the presingscable than fire off the concrete element.

The type of the failure is very well seen on thg.Fi0. On left side of the figure is
possible to see failure mechanism of T beam retefibrby the smeared reinforcement, on
right side failure mechanism for plain concrete.
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Figure 11 : Numerical model of the T beam in ATEK#tware
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Figure 12 : Working diagram of the experiment (pleoncrete and smeared concrete)
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3.3 Loading test of the Ruzyr airport radar
Steel structure of the Ruzgmirport radar is located on the northeast pathefRuzyr
airport area. The structure is made from bars attedeo the joints using bolts.

Figure 13 : Miluné design of steel structure of the radar

Hight of the structure is 25 m, requirements ofaradevice contractor were strictly
indicated. Horizontal deformation of the floor hate be less than 3 mm, deformation in
torsion of the floor must be less than 2 mm andicadrdeformation of the edge of the floor
not larger than 1,5 mm. As a most important loaslingere choosen loadings of wind and
temperature in combination.

For the experimental setup were used inductiveinstgauges Hottinger Baldwin
Messtechnik WA/20 located on the edge of the flobrthe radar. Four of them for
determination of vertical deformations in two pergeular directions of the circle floor, two
others for horizontal deformations and deformationgorsion. For complete assessment of
the experimental investigation the sensors of teatpee and sensors for measurements of
wind speed were installed on different places efdtnucture.

Results of the experimental work were out of thege of the requirements of the
contractor. The consulting engineers and the achishould strengthten the structure to
additional diagonal beams. After that, all the defations, measured and computed and
shown on the picture of the display of data logp&WETRON DEWE 5000 were in the
range of the reguirements.
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The maximum wind speed for measured deformationG\@sn/s.

2o

Figure 15 : Display of measured parameters of thetsire

3.4  Loading test of the roofing of the Slavia footbalktadium

The roofing of the Slavia football stadium consiétsteel truss beams supported on two
supports with a cantilever of 18 m. These beamga@ameected by the steel trusses, on the top
of the roof is metal plate, surface underneathosered by the wood. The problem of the
structure was the rigidity of the 150 x 100 m onaf because of the dilatations in the thirds
of the long side and in the half of the short s:léhe oval.

The computations showed very large changes dutiegday temperatures, so only
experimental investigation of the main truss of tbefing could give the idea of behavior of
the structure to the consulting engineers.

17



The measuring devices used for the experiment sbridi measuring data logger
DEWETRON DEWE 5000, inductive sensors Hottingerddah Messtechnik WA/20 and
optical laser sensors NCDT ILD1400-5 based on aptitangulation, connected together by
long wire, tempereture sensor PT 100 and wind anaster ANA 954,

L.
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Figure 17 : View on the Slavia stadium (before opgn
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Figure 18 : Laser sensor NCDT ILD1400-5 on thedeid strain gauge WA/20 on the right

Figure 19 : Hydraulic loading member of the rootisture

The results showed on the Fig. 20 give the onlmlees of the measured parameters
of the structure, temperature and wind. Loadinghefstructure were provided using the
hydraulic system in the level of 54, 111 and 164 as a force in diagonal support of the
roof. Wind speed was in the range of 2,16 — 5,62 anfl temperature in the interval from
12,6 to 13,3 °C.

As was mentioned above the structure of roof isetyimy loading of the structure
nonsymetric because of the dilatations of the roof.

Maximum displacement of the roof was measured a4 tén, residual displacement
as 4.22 mm. Computations showed good agreement thigh experimental data.
Computational results are 31.2 mm and residualatismpent about 7 mm.
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Figure 20 : Logging of the data from all sensors
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4. VERIFICATION OF THE EXPERIMENTAL INVESTIGATION

Vast majority of engineering designs today is firsated by some computational method
before being actually tested in practice. A predictbased on a mathematical model of the
problem is the basis of the design. The reliabditghe prediction depends on several factors:
If the mathematical model represents reality calyethen, if the input data for the model is
correct, if the solution of the mathematical problés correct and how the results are
interpreted. All of these steps bring uncertaintyhte final prediction.

Many times only small amount of information basedeaperiments is available as a base
for mathematical model. The reliability of computeckdiction is therefore questionable. In
past, several engineering accidents proved thistoumeis in place. The problematic of
validation and verification deals with this queatio
The terminology to this problematic brought by atiSka defines the processvafidation
as determining if the mathematical model descradticiently well the reality with respect
to the decision which has to be made aedficationas a process of determining whether the
computational model and the implementation leadraaliction with sufficient accuracyi, i.e.
the difference between computed and exact soligisnofficiently small.

The basic purpose of computation is to provide ttative data of interest upon which a
decision is made. The mathematical model only foanss the available information into the
prediction data of interest. The reliability of theediction therefore depends on the quality of
the available information. The mathematical modsfirees a general problem. When certain
input data is brought in, the problem becomes §pedihe mathematical problem is then
solved by a numerical approach which creates a atatipnal model. The relation between
the reality and the mathematical model is the sulgévalidation while the relation between
the solution of the mathematical and computatiomadiels is the subject of verification.

The uncertainty brought into the solution must eéretd. Sources of uncertainty are in
every step of described solution process. For elathp input data obtained by experiments,
experience, expert opinions always contain uncerém. The specification of these
uncertainties is usually not easy because not dnexgerimental data is available. The
sensitivity of the mathematical model to uncertamin different input values influences the
decision which uncertainties in the input data hawée retained and which ones can be
neglected.

The uncertainty can be aleatory or epistemic. Tleatary uncertainty is related to the
physical uncertainty and cannot be decreased adedoThe epistemic uncertainty can be in
principle avoided by better experimental technolagyg better understanding.

The process of acquiring input data for generaherattic model making it specific is called

calibration. The calibration have to be relatedhi® point of prediction and can be performed
both experimentally or computationally using simmpheathematical model. The calibration

experiments are relatively cheap and are alwaysrdiit from the prediction problem which

is often far too complex to be experimentally amaty The specific mathematic problem
based on the calibration is the addressed in thaéat@n phase.

The validation is related to the validation pyranofl experiments with increasing
complexity. At the lowest level of the pyramid aienple calibration experiments which can
be performed in large numbers due to their low.cAsthigher levels the complexity of the
experiments grows and the number of available éxyaits decreases due to increasing price.
The highest level experiments are very complexsarde times are called accreditation tests
and serve as the basis for the demonstration opltantce with regulatory requirements.

The comparison between experimental and computdtidata during validation must be
based on specific metric. This metric specifiegjaation criterion upon which the decision
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whether the model describes reality well enougimnast be revised. The rejection criterion
defines the tolerance of the validation. If the wloat any level of the validation pyramid is
rejected, the model has to be changed and to plagedower level tests. If the model is
accepted, then higher level is performed.

The verification consists of mathematical and cotaponal part. The mathematical part
analyses the numerical method, convergence and sterpmi estimates an error. The
computational part examines the correctness ofdkde and errors in the input data and other
computer science aspects.

Verification is also important in calibration andalaation. Verification of a
computational model cannot be based on the congpangith the experimental data.
Unfortunately, in practice the computational modetompared with the experiments so it is
necessary to assume the computational model wafiederso that its error is negligible
compared to the difference between computed anerignental data.

The calibrated model of specific problem is sulgddb validation. The validation usually
consists of several phases, taking from materialpon tests through small and large
structural parts to complex experiments, which @ften used also for accreditation. The
validated model is then suitable for predictioneTdonfidence in the computed prediction is
based on the computed distance between the cadirand validation data. For prediction
only calibration data are used, while the validatidata are used to characterize the
confidence in the prediction. Typical calibratioxperiments include material coupon tests.
Their aim can be very simple, e.g. only materiaérsgth or Young's modulus of elasticity
value, or more complex, e.g. load-displacementrdiagpf the material.

Validation experiments can tests whole structuoahgonents, smaller or larger ones, e.g.
solitary beams or structural components consistingeveral parts like structural details. In
largest scale is validation closely connected toremtitation demanded by regulatory
requirements, e.g. loading tests of bridges.
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5. VARIABILITY OF TEST RESULTS

All test results have to be interpretd in statatierms. The mere fact, that values of some
test results are larger than some other ones duwtesecessarily mean that the difference is
significant and not a chance consequence of theralatariability of values from the same
source. While all test results are variable thaterived from stress-strain diagram (for
example) generally have a larger variability thanhe case of standard compressive strength
specimens.

5.1 Distribution of the strength

Suppose that was measured for instance the comestsength of 100 specimens, all
specimens were made from similar concrete. Thisreda can be imagined to be a collection
of units, all which could be tested. Such a coitetis referred to as th@opulation,and the
portion of concrete in the actual test specimerealed thesamplelt is the purposes of the
tests on the sample to supply information on tloperties of the parent population.

From the nature of the strength it would be expkthat the recorded strengths will be
different for different specimens, i. e. the resuliill show a scater. For illustration the
distribution of test results and histogram of coesgive strength values of many specimens
made from similar concrete, fitted in the same @imus and tested at the same age. If the
number of specimens is increased indefinitely amdhe same time, the size of the interval is
decreased to a limiting value of zero, the histogrsould become a continuous curve, a
distribution curve.One such a type of distribution is known asrmal or Gaussian
distribution. The assumption of normal distribution is suffidlgrclose to reality to be useful
tool in computations.

Equation to the normal curve, which depends onlytlem values of the meam and
standard deviatioa reads

1 e’
y=——8€ 20 5.1
o2 1)

This equation is representing normal distributiarnve and is symmetrical about the mean
value and extends to plus and minus infinity. Treaainder the curve, between certain values
of strength (measured in terms of standard deviatiepresents the proportion of specimens
between the given limits of strength. The area urile curve between given ordinates,
expressed as a fraction of the total area undecuihee, measures the chance that the strength
of an individual drawn at a random poiwill lie between the given limits. Statistical tabl
give the values of proportional areas for differegues of(x —u)/ o.

5.2 Standard deviation

It can be recognized, from the theory of probailihat the dispersion of strength about
the mean is a fixed function of the standard demmatThis is defined as the root-mean-square
deviation

a2\
U:[Z(X H) ] (5.2)

n
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wher x represents the values of the strength ofhatpecimens angd is the arithmetic
mean of these strengths, iues > (x/n).

In practical using, one deals with a limited humbgspecimens and their meaq is an
estimate of the true meap. Calculation of the deviations is provided kyot by ux, and
therefore(n — 1),instead of n, in the dominator of the expression (5.2) is usHuls, the
estimate ofo is

o) 2 }/2
S:(Z(X‘X) } (5.3)
n-1

The reason for this correction of(n — 1)is known as Bessel’s correction.
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6. CONCLUSIONS

The experimental investigation of building matesied one of the most important part in
the selection and the assessment of basic matésrasdructures. In these investigations are
playing very serious role some aspects which theswting engineer should take into
account. In the testing of based structural mdtesaconcrete is were developed testing
procedures and setups which give the complex inaéigim over its flexural behavior.

Testing technique, one of the fundamental procé&sboratory work, was developed in
the Experimental Center and Department of Mechaoidhe Faculty of Civil Engineering
and consist of special kind of capping of specisnerew arrangement of specimen sensors
as well as loading machine sensors, using thé rsgge platens of the loading machine with
special fashion and using new type of tensomatretinductive sensors.

For experimental investigation of building struesiiand their parts each experiment is an
original one. First, the prediction of behavior tbk structure should be done including a
simple structural analysis, selection of dominaargmeters of the structure and assessment of
type of measuring devices and software. Second, aitteal measurements should be
provided, consist of record block of measured ,ddtair selection, special kind of data
filtering and data calibration in relation to trefarence point. Third, the right choosen results
would be produced, including the measurement acgutae measurement uncertainty and
verification, validation and variability of the ndss.

On four examples were presented original procedofe®tup of the measuring devices
for experimental investigation of

* GFRP concrete slab

* prestressed concrete T beam

» steel structure of the radar

» steel structure of roofing of football stadium

These investigations are prestigious, investigatwd his team did succeed in tenders
engaged by the others reputable teams from oveZzbeh Republic.
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