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Summary: This paper presents the procedure for the experimental determination of the
horizontal deflection of a point on the model made of Plexiglas due to horizontal force
effects. The model’s geometry is proportional to the geometry of the numerical examples
which applied in works of several authors for the analysis of the tall building cores. This
examination offers the experimental analysis possibility of the reinforced-concrete core -
stiffened by floor slabs at each floor level - on effects of the horizontal load of seismic
forces and the wind. These results are compared with the results obtained by FEM
showing significant agreement.
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1. INTRODUCTION

In the case of tall buildings, the influence of transverse loading caused by winds or
seismic activity can be significant. This load is most often supported by a reinforced
concrete core, which houses the elevator shaft or the staircase of the building. Due to the
small thickness of the core walls compared to the dimensions of the cross section, which,
again, are small compared to the height of the building, according to the Vlasov theory,
the core can be treated as a thin-walled, open cross section cantilever beam. Floors act as
transverse stiffeners providing the necessary cross section rigidity of the core. The core
foundation is usually stiff enough, so full restraint can be assumed.

If the shear centre of the core cross section is located asymmetrically in respect to the
base of the building, or if the transverse loading is eccentric, the core is, apart from
bending, exposed to torsion, as well. In the case of taller buildings the torsion influences
are greater, so it is necessary to provide appropriate torsional rigidity to the core. Floor
slabs connecting the core walls at each floor level also contribute to torsional rigidity.
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The influence of these elements on the total torsional rigidity of the core can be
significant.

The reliability and applicability of the new methods for the tall building cores analysis is
usually tested by comparison with other, already known methods that are available in the
literature and/or with FEM results. Unfortunately, there is a lack of data compared with
experimental results in most of the cases, especially concerning the core with open cross-
section. One approach to check reliability of the calculation method is the application of
such a method on an experimental model. In order to prove the validity of his calculation
method, Ambrosini , tested thin-walled beams made of aluminium, as described in the
works [1] and [2]. The results of Ambrosini’s calculations were compared with the
results of the experiment and FEM. Wu Qian, Fang and Yan [3] made their experimental
models using Plexiglas.

Regarding comparison as a method, it is preferable to select such a parameter that could
equally be determined by calculation as well as by experiment. Such parameter could be,
for example, the horizontal deflection on certain spots of a model. It is well-known that
horizontal deflection in high buildings is particularly important data. I1ts maximum value
that usually appears on the upper part of a building must always be determined and
limited (Zalka [4] and [5]).

The experimental model that will be applied in order to analyse the aforementioned core
is made of Plexiglas. The model’s geometry is approximately proportional to the
numeric example used in numerous scientific papers. The testing results will be
compared with the results obtained by the SAP2000 application.

2. EXPERIMENTAL MODEL

The experimental model in this paper had already been analysed before, in order to
check the accuracy of the numeric method for the determination of the dynamic
characteristics of the tall building core ([6], [7] and [8]). Figure 1 illustrates the
outline and geometric data of the model.
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Figure 1. Cross section A-A and base plot of the experimental model
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It is made of Plexiglas (PLEXIGLAS XT) sheets with a thickness of 2mm, 6mm and
10mm. The lower part of the model was bonded with two mutually glued Plexiglas
panels of 10mm thickness. It was connected with four screws M8 to a steel panel
5mm thick. The steel panel was fastened to a immobile base by 4 screws M8. A
wooden mould and special glue ACRIFIX®109 was used to shape the model. Figure
2 illustrates details of the model manufacturing.

Figure 2. Details of the mould

There is a similarity between the numeric example and the Plexiglas model by element
dimensions according to Table 1.

Table 1. The example elements and Plexiglas model geometric data

Geometric characteristics of Example Model Ratio
elements [mm] [mm]
Wall thickness of the core 305 6 1:50.833
Thickness of floor slabs 100 2 1:50.000
Dimensions of floor slabs 15240/15240 | 300/300 | 1:50.800
Cross section dimensions of the core | 5791/5791 | 114/114 | 1:50.798
Width of the opening 3048 60 1:50.800
Height of a storey 3810 77 1:49.481
Total height of the building 57150 1155 | 1:49.481

The authors took into account that the Plexiglas sheets had been manufactured only with
certain thicknesses, thus it was not possible to achieve full geometric similarity between
the model and the numeric example. Mutual relations of dimension values in the model
justify the intention to treat the core as a thin-walled beam with open cross section which
is compacted at the bottom into the foundation panel while it is free at the top.
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3. EXPERIMENTAL ANALYSIS

The purpose of the experimental analysis is to define the horizontal deflection of certain
points in the experimental model due to the effects of the known horizontal force by
accurate measurements. The horizontal force in the model is applied by a thin nylon
string and roller. One end of the nylon string is fixed at the hole (with a diameter of 6
mm) that was drilled in the model. The other end of the nylon string is loaded by the
known weight force (Figure 3).

1 g

Figure 3. Position of comparators and the direction of loadings

Horizontal moving 4u was measured by the comparator with accuracy 0.001mm. In
order to fit the comparator, the authors used a magnetic holder with a mechanism (Figure
4). The model and the measuring devices were installed in the steel testing frame at the
Laboratory for Structures and Materials at the facilities of the Faculty of Civil
Engineering in Subotica, Serbia [9]. The weight force that has loaded the model was
defined by the mass of the scale weight m. The points in which the deflection was
measured (A1, A2 and A3) were selected in order to overlap the node points of the
model in the FEM analysis. The aim of selecting the holes (i.e. places to enter the force)
was to expose the model to bending (load in B1), as well as to a combination of bending
and torsion (load in B2 and B3).

In the course of the experimental analysis the intensity of forces was gradually increased.
After each increase, a certain time period was needed to stabilize the value at the display
on the comparator. It was thus seen that the greater the load intensity increase, the
greater the time period necessary for stabilization. Over a certain load value the model
deflection could not be stabilized any further, i.e. the plastic deformation of the Plexiglas
occurred. Based on the above-mentioned, it is necessary to determine the upper limit of
the load intensity up to which the model behaves flexibly. The authors conducted testing
in all measurement points Al, A2 and A3 with the load B1, B2 and B3, aiming to
establish the largest force value. This testing first resulted in plastic deformation in the
measurement point A3, given B3 load. The force intensity was complemented with the
weight force of the scale weight mass m=1350g. Further analysis of the model occurred
only in this so-called flexible zone.
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Figure 4. The experimental model and measuring device

4. FEM ANALYSIS

The experimental model with analysis including SAP2000 application was shaped with
2120 nodes and 1660 Four-node Quadrilateral Shell elements. The nodes at the
foundation panel level were fully restrained. The testing for the Young modulus took
place at the same location, at the Laboratory for Structures and Materials of the
Faculty of Civil Engineering in Subotica. The Young modulus was determined
experimentally E=3000-10°N/mm?. The shear modulus was taken over from the Evonik
manufacturer website and equals G=1095-103N/mm?,

In order to ensure comparability, the calculation used the same force intensities as were
used in the measurements. The deformed shape of the model obtained by the SAP2000
application is presented in the Figures 5-7.

Figure 5. Deformed shape of the model with the load in B1
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Figure 7. Deformed shape of the model with the load in B3

When the model was subjected to the B1 load the model was exposed to bending only.
With the loads B2 and B3, in addition to bending, the model was exposed to torsion, too.

5. CALCULATION AND MEASUREMENT RESULTS ANALYSIS

Table 2 presents the numerical values of the horizontal deflection in the model points
(A1, A2 and A3) obtained by the experiment and SAP2000 application, as well as their
comparison. The weight force used to load the model is defined by the scale weight mass
m and varies in the range: m=250+1250g with steps Am=250g.

The values of the horizontal deflection of the model points show significant agreement
between calculation results obtained by the SAP2000 application and the measurements.
It was noticed that with increase of the intensity of forces, the relative difference in each
measuring point increased, as well as. At the measuring point A3 this increase was more
prominent than by two others.

The data outlined in Table 2 is given in graphical form Figure 8. The lines obtained by
the SAP2000 application are marked with S, while those obtained by the measurements
are marked with M. The measurement points are labelled as Numbers 1, 2 and 3.
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Table 2. Analysis of the experimental model results

Measured point / Weight mass | Experiment | SAP2000 | Difference
loading [a] [microns] [microns] [%]
250 111 107 3.74
500 222 213 4.23
Al/B1 750 334 320 4.38
1000 447 427 4.92
1250 561 533 5.25
250 141 135 4.44
500 284 270 5.19
A2 /B2 750 428 404 5.94
1000 575 539 6.67
1250 724 674 7.42
250 204 195 4.62
500 412 390 5.64
A3/B3 750 629 586 7.34
1000 852 781 9.09
1250 1098 976 12.50
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Figure 6. Change of deflection values of the model points A1, A2 and A3

6. CONCLUSION

This paper offers a description of the procedure for the horizontal deflection points of the
Plexiglas model by the experiment with the horizontal force effect. The model is
described and details about the experiment are provided. The authors especially focused
their attention on the determination of the largest force value in which the model still
behaves flexibly. Further, an analysis was conducted with the SAP2000 application and
the outcomes presented. The authors state that the results of the experiment and the
calculation are thoroughly consistent.
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On the basis of the above-described analysis the following conclusion can be drawn:

« Tall buildings core stiffened by floor slabs at each floor level considered in this paper
can be modelled with sufficient accuracy with reduced Plexiglas models given the
horizontal deflection analysis initiated by the horizontal force effect. However, special
attention ought to be paid to the load intensity, which is to stay within the limits where
the model behaves flexibly.

e The presented procedure enables the user to prove the reliability and applicability of
the new methods for the horizontal deflection calculation for each point of tall
buildings core with open cross-section stiffened by floor slabs at each floor level due
to the horizontal force effect.

The illustrated experimental testing results argue in favour of certain possibility of the

experimental model development that contains additional constructive elements able to

significantly impact the horizontal deflection of the core. These are, for example, the
lintel beams. The experimental analysis of this model described in this paper offers the
possibility of determining the quantitative and qualitative influence of lintel beams and
floor slabs [10] on the horizontal deflection of the core. The results of this research lend

a better insight in the behaviour of tall buildings containing the central core as the most

important carrying element holding the horizontal impact. This will lead to designers

achieving more reliable and economic planning in such structures.
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EKCIIEPUMEHTAJIHA AHAJIN3A IIOMEPAIBA
JE3I'PA BUCOKUX 3T'PAJIA - YKPYREHA
MEBYCIIPATHUM IIVIOYAMA - IIOMORY
IVIEKCUT'JIAC MOJEJIA

Pesume: 'V pady je mnpukazan nocmynak 3a eKCHEPUMEHMAIHO o00pehusarve
XOPU3OHMANIHOZ noMeparba mayke mooend uspaheHoz o0 niexcueiaca ycied oejcmea
xopuzonmaine cune. 'eomempuja mooena je cpasmepHa 2eoMempuju HyMepuuKoz
npuMepa Koju je yzem y padoguma MHO2UX aymopa 3d AHAIU3y je3epa 6UCOKUX 32paod.
060 ucnumugarbe Hyou mo2yhHocm excnepumeHmanne aHanu3e apmMupano-0emoHcKo2
jesepa - ykpyhenoz mehycnpamuum nIoOYamMa HA HUBOUMA CHPAMOGA - HA ymuydaje
Xopusonmannoz onmepekhera 00 ceusmuukux cuna u oejcmea eempa. Pezynmamu cy
ynopehenu ca pesyimamuma oobujenum nomohy MKE u noka3yjy 3uauajuo crazarve.

Kayune peuu: excnepumenmantu mooei, jeepo GUCOKUX 32padd, MAHKO3UOHU HOCAYU,
mop3uja
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