5 INTERNATIONAL CONFERENCE

Contemporary achievements in civil engineering 21. April 2017. Subotica, SERBIA

PROBLEMS OF FLOOR SLABDESIGN IN TERMS OF
CAPACITY, SAFETY AND ENERGY EFFICIENCY

Milan Kekanovié!
DeagoslavSumarac?
Stanko Cori¢?
Karolj Kasas*
Arpad Ceh® UDK: 692.5:697.1
DOI:10.14415/konferencijaGFS2017.077
Summary: This article provides information about the possibilities of design and
construction floor slabs concerning three very important aspects: the capacity, safety and
energy efficiency.Nowadays, in the Republic of Serbia exclusively solid concrete slabs are
designed and built,which are at least 20cm thick.The justification for this solution is to
obtain, in its plane, a rigid plate-diaphragm that is able to endure seismic forces on the
walls, proportionally to the stiffness of those walls.At the same time this solution has many
disadvantages and it is a great load that limits the length of the span. That heavy load is
directly proportional to the size of the seismic forces. The20 cm thick, solid concrete slab
has a large heat capacity, and specific heat ¢ (J / kgK), which are not energy efficient,as
the warm air is accumulated, conductedtowards to the walls and also retained near the
ceiling, while people are near the floor.There are other solutions of design and
construction floor slabs that meet demands far more than a solid concrete slab.These are
the reinforced concrete site-cast waffle slab.These slabs are extremely stiff and stable,
optionally in both directions and can have a reduced mass up to 50% compared with solid
concrete slabs.The authors will introduce one waffle-slab solution of reinforced concrete
slabs, which satisfies, in addition to above mentioned, even the energy efficiency demand.
It is a solution by Stirofert-technology built with structural expanded polystyrene as a
stay-in-place formwork during the phase of concrete pouring and construction. This same
stay-in-place formwork is a powerful insulation on ceiling with a preventing effect against
heat-accumulation and heat losses towards the walls; same time equalizing the
temperature of air near the floor and ceiling.
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1. INTRODUCTION

Designers of construction and architectural objects and structures are often not interested
to implement better solutions, but instead decide a common one, no matter even if such
solutions had been already overcome and have big disadvantages. The reasons for the lack
of interest are not justified, but the fact is that the design is lately much undervalued by
new investors, who seek to maximize cost savings and pay cheap projects, that way
increasing the profits by selling real estates. New investors have poor knowledge of
profession and of investments as a special area of economics and market economy, and
they are not even aware that for low-cost projects, they are getting expensive and often
non-functional buildings. The victims are the buyers of such residential and business
premises since they payed a high price for poor quality. Designers are content with small
profits and they are not interested in the quality but just in quantity. Investors often have
problems with repairs of buildings if the mistakes are to detect within the warranty period.
Energy efficiency is a legal obligation in the Republic of Serbia and it must be carried out
not only in design, but also through the construction. Best control of energy efficiency is
the energy consumption for heating and air conditioning. The citizens and buyers of real
estate must be educated that it is in their interest to keep control of energy consumption in
their homes and offices. [3]If the energy consumption is larger than the purchased
buildings class of energy efficiency should have, then the customers have the right to ask
for a refund and compensation or elimination of the deficiencies and improvment of
energy efficiency to the class that was paid. If the legal procedure would be implemented
into practice, through the control of energy consumption, then everyone would primarily
considering the quality of the projects and buildings. The designers and investors would
not lose anything and the real estate buyers would be satisfied with small bills of energy
consumed for heating and air conditioning. Republic of Serbia wants to be a modern
country and as such would be have a benefit, because it would reduce the power
consumption of the buildings. [2]

It is important to note the fact, that objects properly designed and constructed with less
weight of floor slabs could be more reliable to avoid damage at the appearance of an
earthquake (seismic load). [4], [5]

S=K-G, kN (1)

S — Horizontal forces due to the seismic action (earthquake) (kN)
K- coefficient that depends on the seismic zone, ductility, oscillation period,
object type, soil type (in this study it is assumed that K=0,13)

G — the weight of the building - floor slabs, walls... (kN)

Less weight means that the floor slabs will less accumulate the heat since the specific heat
of the material depends on the type of material or fluid and from the weight of the materials
or liquids.
_ ] 2
Cc= kg_K , ( )
That means the lightweight waffle-slabs accumulate less heat energy and therefore less
energy would be lost through the "thermal bridges" and "cold areas" such as walls,
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foundations, balconies, gable walls. These "cold spots" are difficult to insulate, and in
these places we have large energy losses which are currently difficult to calculate.

If solid reinforced concrete floor slabs are designed and built with heavy weight and high
heat capacity (specific heat), then the country has great loss as it will appear as bigger
energy losses through the "thermal bridges" and "cold areas".

The country still needs to cover the difference of real energy prices since prices in
Republic of Serbia paid by costumers are not yet the market prices.

—_
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Figure 1. Losses of thermal energy that move over the ceiling through solid
concrete slabs and going to the "cold areas": foundations, balconies, gable walls ...

[l

If there is an earthquake and heavy buildings with solid concrete slabs suffer damage or
demolition, the country and all its citizens shall bear huge costs for the repair of such
buildings which were cheaply-designed and built even more cheaper.
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Figure 2. Heavy solid concrete slabs with weak abilities to master larger spans due

to high prices, less favorable due to higher seismic forces, with high heat capacity

that reduces energy efficiency, since heat is retained in the ceiling and transfered to

the walls, balconies, foundations and gable walls while people are located near the
floor [], [12]

2. REINFORCED CONCRETE WAFFLE-SLABS WITH REDUCED
WEIGHT AND GREATER SPANS

If we want to design and build a reinforced concrete floor slabs of larger span and with
increased safety in case of an earthquake (seismic action), then we need use waffle-slabs.

Figure 3. Examples of waffle-slabs with large spans, built around the world
[13].[14],[15]
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Figure 4. Example of coffered dome in Pantheon, Rome constructed at the
beginning of a new era — a question for all of us, were those builders, in terms of
the durability of their buildings, smarter and more competent than today's builders,
whose buildings from the modern concrete look very bad even after less than two
hundred years [16]

If we want to achieve a high energy efficient reinforced concrete waffle-slab, there is a
solution to build such plates with a stay-in-place formwork made of specially shaped
expanded polystyrene by Stirofert-technology. A stay-in-place formwork is structurally
incorporated in the phase of concrete pouring and during the exploitation it becomes a
powerful insulation on a very important place — at the ceiling. [6], [7], [8]

Segment of StiroFert constructiomn

Concreting StiroFert construction

Placing reinforcement across
beams and steel lattice

Placing StiroFert beams

Figure 5. Solution of reinforced concrete waffle-slabs by Stirofert -technology with
a built-in insulation in the construction on a very important place — at the ceiling

That way preventing the heat to enter in the concrete floor slabs. Warm air in their physical
tendency of seeking colder places, starts to move around the room and thus comes to the
floor. In this way, the temperature between the ceiling and the floor is completely naturally
equalized. We are located on the floor and on the floor itself are our feet with the weakest
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blood circulation. In order to make people feel pleasant, our feet must have sufficient heat
for normal blood circulation.

Figure 6.a) Poor circulation in the feet of people requires solutions where the
warm air is located at the floor and not only at the ceiling b) a waffle-slab with a
built-in thermal insulation construction in the ceiling which prevents the
accumulation of the heat loss through the ceiling through the "thermal bridges"
and "cold areas" [9]

3. ANALYSIS OF SEISMIC ACTIONS AND ACCUMULATION OF
THERMAL ENERGY IN SOLID CONCRETE SLABS VS.
REINFORCED CONCRETE LIGHTWEIGHT WAFFLE-SLABS

An analysis was made by comparing the results of weight of solid reinforced concrete
plates and a reinforced concret waffle-slabs, insulated on the bottom side with a built-in
constructional expanded polystyrene (stay-in-place formwork) with seismic forces
(earthquake) under the assumption that we have a ten-storey building. [10] The analysis
shows that the seismic force S (kN) is 45% lower in the case of waffle-slabs relative to
solid reinforced concrete slabs. Please note that in this case, and in this analysis, the mass
of the walls was neglected.

Parameters used in calculation of the heat capacity - which represents the energy required
in order the material to gain (take) the temperature of the environment in which it is located
- the physical characteristics of the material represented as a specific heat ¢ (J / kgK): [11]
- Specific heat of concrete 960 J/kg K

- Specific heat expanded polystyrene 1260 J/kg K

- Density of concrete 2500 kg/m?

- Density of expanded polystyrene 15 kg/m?

- Thickness of solid reinforced concrete slab d=20 cm

- Average thickness of reinforced concrete waffle-slab d=11 cm

- Average thickness of built in expanded polystyrene in waffle-slabs d=13 cm

- Energy nedded for 1 m®concrete to increase (maintain) the temperature for
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960

-—_.2500 = 0,66 KWh/m?

- Energy nedded for 1 m®expanded polystyrene to increase (maintain) the temperature

-1 .15=0,0053, kWh/m?

- Resistance of heat conducting from the air to concrete in solid concrete slabs

1K= 20
3600 1000
for 1K = 1260
3600 1000
% =0,125 , mK/W

- Resistance of heat conducting from the air to concrete in waffle-slabs i +

0,13

—— = 3,295,

0,041

m?K/W

a

Table 1. Comparison of seismic forces and specific heat values in case of waffle-slabs
and solid reinforced concrete slabs

Slab with Volume of Weight of Seismic force | Specific heat
400 m? concrete the concrete S=KxG ¢ (I/m3K)
surface area slab G (kN) (kN)
Reinforced - Thickness of the | 440 x 25 = | S=0,13x11000 | 295,73 kWh
concrete concrete plate | 11000 kN = 1430 kN to  increase
waffle-slab d=0,11m (loss) the
with 7 m span | V=0,11x400x10 temperature
=440 m® for 1 Kelvin
-Thickness of the in 440m3
expanded concrete and
polystyrene in 520 m®
d=0,13 m expanded
V=0,13x400x10 polystyrene
=520 m?
Solid Thickness d=0,20 | 800 x 25 = | S=0,13x20000 | 533,33 kWh
reinforced V=0,2x400x10 20000 kN =2600 kN to  increase
concrete slab | =800 m® (loss) the
7 mspan temperature
for 1 Kelvin
in 800m?
concrete

If we observe the specific heat ¢ (J / m3k), we can see an the interesting result for
maintaining the temperature of only 1 K (1°C) for 800m® concrete in case of solid
reinforced concrete slabs, the required amount of energy is 533.33 kWh. While, reinforced
concrete waffle-slabs need considerably less energy, 293,73 kWh for a 440m?® of concrete
and for 520m? stay-in-place expanded polystyrene. The reinforced concrete waffle-slabs
are heat insulated on the bottom side with an average thickness of 13 cm of expanded
polystyrene. The insulation with such thickness is the reason that the loss of energy in the
waffle-slabs are 26.36 times slower compared to solid concrete slabs.
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1,013
@; 0,041 3,295 — 2636
R L (3)

@i

The used term "slower" could be interpreted as a 26.36 times reduced energy loss (3) for
waffle-slabs compared to solid concrete slabs.

From the facts stated in this article clearly can be concluded that it is particularly important
that the ceiling of each floor slabs to be insulated, because mass of the concrete it big and
also is the specific heat of the concrete ¢ (J / kg K).

3. CONCLUSIONS

The paper suggests the facts and gives clear evidence that the design and construction of
buildings must be analyzed from all possible aspects, particularly important aspect are the
load bearing capacity, safety and energy efficiency. Designers and new investors must
rationally consider and appreciate the prescribed requirements of energy efficiency and
physical principles of heat transfer in the air and through solid materials. The fact that
warmer air as easier will be located at the ceiling and concrete floor slabs have high heat
capacity, leads to the conclusion that the ceilings must have a good thermal insulation on
each floor. If the ceiling is not insulated and the concrete floor slabs are indirectly
connected to "thermal bridges™ and "cold areas", then we have significant losses of heat
energy in accordance with Table 1. These losses of thermal energy can be reduced if we
design a reduced weight reinforced concrete waffle-slab which are insulated from the
bottom side (the ceiling), like as an example, by Stirofert-technology. Also, another reason
to apply reinforced concrete waffle-slabs is that they have reduced weight up to 50%
compared with solid reinforced concrete slabs. This means that reinforced concrete waffle-
slabs can have larger spans and in case of seismic activities (earthquakes), buildings with
such slabs will be safer because they have a smaller own weight and therefore smaller
horizontal forces due to seismic activity, according to equations (1) and Table 1.

ACKNOWLEDGEMENTS

The work reported in this paper is a part of the investigation within the research project
I11 42012 “Energy efficiency enhancement of buildings in Serbia and improvement of
national regulative capacity for they are certification”, supported by the Ministry for
Science and Technology, Republic of Serbia. This support is gratefully acknowledged.

REFERENCES:

[1] M. Kekanovi¢, D. Sumarac, D. Gligovi¢, S. Corié, Z. Kljaji¢: PROBLEMS OF THE
DESIGN AND CONSTRUCTION OF SLAB BETWEEN FLOORS, Technical
Gazette 21, 3(2014), 631-638

[2] Direktiva 2002/91/EC Evropskog Parlamenta i Saveta, Sluzbeni list Evropske
komisije, 2002.

| 360PHVK PAOIOBA MEBYHAPOAHE KOH®EPEHLIMJE (2017) |



5 INTERNATIONAL CONFERENCE

Contemporary achievements in civil engineering 21. April 2017. Subotica, SERBIA

[3] EVROKOD 6 (EC6): Muravljov M., Proracun zidanih konstrukcija, Gradevinski
fakultet Beograd, 1997.

[4] Evrokod 8 (EC8): Folic R., Projektovanje seizmicki otpornih konstrukcija,
Gradevinski fakultet Beograd, 1997.

[5] Foli¢, R. Neki aspekti seizmicke otpornosti zgrada pri nadzidavanju i pretvaranju
potkrovlja u stanove. // Zbornik radova, 1991, pp. 127-133.

[6] Kekanovi¢, M. Priznati patent pod brojem 50224 - Moguénost specijalnog
olaksanja, izolovanja i armiranja meduspratnih konstrukcija. // Glasnik intelektualne
svojine, 2009, broj 3/09.

[7] Kekanovic, M. Patent - The possibility of special lightening, insulating and
reinforcing intermediate floor constructions; EP 2102426; DE 60 2006 024 757.5

[8] Kekanovic, M. Patent - Building structure of pre-cast monolithic walls and
interfloor slabs, W02013019134, WIPO 2013.

[9] Kekanovi¢, M.; Kustudi¢, M.; Kljaji¢, Z. Katalog savremenih gradevinskih
konstrukcija, StiroFert d.o.0., Vrbas, 20009.

[10]B. Corié, R. Salati¢, DINAMIKA GRADEVINSKIH KONSTRUKCIJA,
Gradevinska knjiga, udzbenik, Beograd, 2011.

[11] Skenderovié, B.; Kekanovi¢, M. Gradevinski materijali-hemija-struktura-
tehnologija-korozija, Udzbenik Agm knjiga, Beograd, 2011.

[12] http://www.passzivhazminosites.hu/epitkezes.

[13] http://engineering.stackexchange.com/questions/7348/how-different-is-
using-styrofoam-rather-than-empty-cans-when-pouring-concrete

[14] http://www.archiproducts.com/en/products/8893/formwork-and-formwork-
system-for-concrete-skydome-geoplast.html

[15] https://deniseweber.wordpress.com/2012/08/30/poetics-yale-field-trip/

[16] https://www.viator.com/Rome-attractions/Pantheon/d511-a51

HHPOBJIEMATHUKA ITPOJEKTOBAIBA
MEBYCIIPATHHUX TIVIOYA CA ACIIEKTA
HOCHUBOCTH, CUT'YPHOCTHU U EHEPI'ETCKE
E®PUKACHOCTH

Pezume: Osaj pao daje ungpopmayuje o mocyhnocmuma npojekmosared u u3epaorve
Mehycnpamuux nioua ca mpu 6pio OumHa AcneKkmd. HOCUBOCTU, CUSYPHOCIU U
enepeemcke euxacnocmu. Janac ce y P.Cpbuju uckwyuueo npojekmyjy u epade nyne
mehycnpamue bemoncke niove najmaroe oedmune 20um. Onpasoarve 3a 080 pewere je
dobujamwe, y €60joj pasHu, Kpyme nioue-oujagpazme Koja je cnocobma oa npemece
cesmMuuKe cuie Ha 3Uudoge y omepy Kpymocmu mux 3udosa. Mcmogpemeno 060 pewierse
UMA U MHO2€ MAHe a MO je 8elUKd MACa KOja 02PAHUYasa OyjiCcuHy pacnona. Beauxa maca
Jje Oupexmmno cpasmepna eenunuHu ceusmuukux cuid. Ilyna 6emoncka nioua Oebmume
20ym uma eenuxu moniomuu kanayumem u cneyuguuny monnomy c(J/kgK) xoju ne
n0200Yjy eHep2emcKoj epurachocmu jep moniu 8as0yxX aKymMyaupd, cnposoou 2a npema
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3U008UMA U 3A0PIHCABA 24 NPU CMPONY, A KOPUCHUYU ce Hanase npu noody. Ilocmoje u
opyea pewerba npojekmogarba u epalerba mMefhycnpamuux nioud Koja 3a00801a8ajy
danexo guuie 3axmesa He2o nyHa bemouncka nioya.To cy poumussHo Kacemmeapmupano
bemoncke nioue. Oge nioye cy uzy3emno Kpyme u Hocuse, no nompeou y oba npasya u
Moy umamu marwy macy 00 50% y oouwocy Ha nyne bemoucke niouve. Aymopu y osome
paoy npedcmasnsajy u jeOHo peuierbe poumubHO KACemue apmMupano 6emoHcKke niode
Koje 3a0060.6a8a, NOped HABeOeHUX 3axmesa joui u enepeemcky eguxacuocm. To je
pewerve no mexnocuju Cmupogepm ¢ KOHCMPYKYUjCKU yepaheHum eKcnanoupaHum
noaucmupenom kao "3apobssenom onaamom” y pasu 6emonuparsa u uzepadme. Ta ucma
"sapobmwena  onnama"”  je  molina  uzonayuja  HA  CMpony € YYUHKOM
cnpeuagaraakymyiayuje u 2youmaxa moniome npemda 3uo06UMd U )jeOHaudaearbem
memnepamype 8azoyxa usmelly nooa u cmpona.

Kwyune peuu: Gemowncke, powmumHO-KAcemue, NI04UE,HOCUBOCH], EHEP2EMCKA
egpuxacrocm
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