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NUMERICAL ANALYSIS OF THE EXPERIMENTAL FLAT SLAB FOR
THE PARAMETRICAL STUDY

L. Majtanova”, J. Halvonik™

Abstract: Reinforced concrete flat slabs are frequently used structural members in building construction. One
of the mostdangerousform of structural failure of thesesystemis punchingof the slab by column. Two
experimental slab specimens reinforced with a high amount of shear reinforcement that increased punching
resistance over the concrete struts capacity were tested. The best way how to verify the reliability of standard
model for the assessment of punching capacity is comparison of the resistance obtained from the experiments,
with the resistances calculated according to the standard. To determine the reliability of the standards a large
database of test results is required. However, from economical point of view, it is not possible to prepare so
many tests in order to fulfill this requirement. The problem can be solved by non-linear analysis which is a tool
that allows to substitute actual tests with theoretical ones. The paper deals with calibration of the numerical
model of flat slab specimenaising resultstakenfrom the experimentalprogram. The task wasto find the

suitable nonlinear material model for concrete and reinforcement, choose the proper boundary conditions and
the correct load application. The correct adjustment of the numerical model allows to carry out parametric
study of flat slabs with shear reinforcement.
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1. Introduction

Flat slabs are one of the most widely used structural system for construction of administrative buildings
nowadays. Together with many advantages connected particularly with architecture and constructior
processes, the system possesses also some drawbacks. From structural point of view, the most danger
is concentration of shear forces at the vicinity of columns which may cause punching of a slab. Such damac
is usually associated with very small deformations and crack widths prior to failure and, as such, can occt
without noticeable warning signs. Local failure in one column area may spread all over the structure with
terminal stage progressive collapse of the whole structure. In order to improve structural behavior and t
increase punching capacity the transverse reinforcement is used. Application of transverse reinforcemel
allows for significant increment of punching shear resistance in comparison with flat slabs without this
reinforcement and the failure has more ductile mode.

2. Experimental program

Two flat slab specimens with shear reinforcement (S1-1 and S2-1) and with dimensions of 2.5 x 2.5 x 0.2
m were tasted in laboratory of Slovak University of Technology. Slabs were reinforced by bending
reinforcement @20/100 mm and were supported on columns with diameter of 180 mm. Columns were
confined by spiral reinforcement and steel tube in order to reach higher axial resistance. These specime
were reinforced by transverse reinforcement consisting of double headed Peikko PSB studs with diamets
of 10 mm from B500B steel. During the experimental works, the specimen was loaded with hydraulic jack
located under the column. The specimen was tied up to the strong floor of the laboratory with 8 steel rods
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Slabs were loaded under axis-symmetric conditions. Load was measured by load cell with the capacity of
2000 kN. In Fig. 1: are shown dimensions of experimental specimens and lay-out of the experiment.
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Fig. 1: Left: slab dimensions. Right: lay — out of experiment.

3. Numerical model of theexperimental flat slab

Fig. 2: shows the numerical model in FEM software SOFiSTiK and model represents the real experimental
programaccordingchapter2. For non-linearanalysis, slab S2-1 waselectedbecausehis specimen
contained sheastuds symmetricallgtored, and symmetmyasimportantin modelingand meshing. For

the concrete modeling tetrahedron bricks with the elastic-plastic material model according to LADE with
non-associated flow rule were used. The shear studs and reinforcement (in column and slab) was modelled
using 1D elementswith stress-strain diagrarof typical reinforcing steel. Themodel was meshed
automatically.

Fig. 2: Numerical model of flat slab. Left: model of concrete tetrahedron bricks. Right: model of bending
and shear reinforcement in FEM software SOFiSTiK.

Important parameters of the materials and results of the tests for numerical analysis are introduced in Tab.
1:, wherefem is mean value of cylinder compressive strength of concretés Btodulus of elasticityfym is

mean value of yield strengths: is number of studs in one ring around columgyeds the punching shear
resistance of test specimens amds the maximum deflection. All material parameters were tested in
laboratory of Slovak University of Technology. Reference load of the FEM analysis was 1500 kN, which
represent higher force than from test obtained punching capacity. The load was applied to the bottom
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column area as a uniformly distributed load (58947 KIN/Bynamic calculation with time steps without
dynamic damping was used. Each time step followed the previous one, used as primary load case applit
to the elements with modified stiffness and stress state from previous step. Number of the time steps we
selected as 15 and each time step lasted 100 seconds.

Tab. 1:Important material properties and test results

Slab  fen[MPa Em[MPd fym[MPa studs Ns Vees[kN] w[mm]
S1-1 38.2 32520 577.5 Yes 15 1520 25.05
S2-1 28.1 35630 538.1 Yes 16 1250 22.90

The diagram, shear force — deformation, in Fig. 3:, represents comparison of the results from numerice
model and experimental test. The red line (syndoindicates the actual results from experimental
program. Obtained punching resistance was 1250 kN accompanied with deflection of 22.9 mm. The blue
line (symbol ® represents calibrated numerical model with real boundary conditions and modeled column
with reinforcement. The gray line (symbe) represents simplified numerical model where real support
(column) was replaced by steel plate.
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Fig. 3: Comparison of the deformation in the middle of the slab

In Fig.4 is shown cut saw experimental specimen after damage. Specimen failed when column started t
penetrate slab and crashed concrete dropping out at column periphery has been observed. It can be see
Fig.4 also crushed of the concrete strut around the column.

T

Fig. 4: Cut saw specimen after damage due to crushing compressive diagonal
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In Fig.5 is shown the specimen after damage in numerical model. We can see that form of the damage is
comparable with actual one. The failure was caused by crushing of concrete at the vicinity of the column.
Numerical analysis confirmed that crushing of the concrete struts can be governing mode of failure of a flat
slab reinforced by transverse reinforcement.

Fig. 5: Specimen aftetamagein numericaimodel.

4. Conclusions

In this work are presentedsome problemsregardingthe reinforcedconcreteflat slabs.After seriesof
experiments, the numerical model was calibrated according to the obtained test results. The main goal of
the analysis was to match behavior, deflection and resistance in the highest possible accuracy. In numerical
model, two different methods of support were used and the result demonstrated the importance of modeling
of real the boundaryconditions. The difference betweenpunching capacity obtainedfrom numerical

analysis ad test was 7% and it was accompardewith deflecton difference only 2.5%The higher
difference in punching resistance was probably caused by the not perfect axis-symmetric conditions during
the test. Changeof the column supportto the steelplate led to the punchingdifference5%, however,
differenceof deflectiondifferenceincreasedip to40%. The obtained results indicate sensitiviay non-

linear models on the way of load application and boundary conditions.

In the next stepghe authors plan to compare stra concrete and reinforcememt In the future we
would liketo prepargparametricalstudy where soménputparameterwill be changed.
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