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Summary: The paper presents the
procedure and criteria for determining
the economic overall depth of solid one-
way reinforced concrete slabs of 2 to 10
m span, with imposed load of 1.5 to 10
kN/m?, to PBAB'87 and Eurocode 2.
The results obtained according to both
regulations are compared and
recommendations for the adoption of
economic depth of solid RC slabs,
span-to-depth ratio and percentage of
reinforcement are given.
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1. INTRODUCTION

The knowledge and practical
experience of our civil engineers in the
field of reinforced concrete structures is
based on more than three decades of
application of the Rulebook on technical
standards for concrete and reinforced
concrete from 1987 (PBAB’87) [1]. The
entry into force of the new Rulebook for
building structures of the Republic of
Serbia [2], on December 26, 2019,
which introduces mandatory application
of Eurocodes in the design and
construction of buildings, imposes the
need to review the previous procedure
of preliminary design of RC members,
based on experience with PBAB '87,
and adapting the design of concrete
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Pesnme: Y pagy cy npukasaHu
nocrtynak 7 KpuTepujymm 3a
ogpehuBare ekoHoOMMYHe [OebrbuHe
NyHUX  apMMpaHOOETOHCKUX  nnoya
HOCUBMX Y jeQHOM MpaBuy, pacrnoHa of
2 po 10 m, ontepeheHnx KOPWUCHUM
ontepehetem of 1.5 go 10 kN/m?,
npema [1BAB'87 wn Espokogy 2.
YnopeheHn cy pesyntatu gobujeHu no
oba nponuca wn pate npenopyke 3a
ycBajakbe eKOHOMUYHE AebrbuHe NyHNX
AB nnoua, ogHoca pacnoH/gebrbmHa u
npoueHTa apmupatsa.

KrboyyHe peuu: T[lyHe AB nnoue,
eKoHoMM4YHa  AebrbuHa, NBAB’87,
EBpokog 2

1. yBOA

3Hake W NPaKTUYHO WCKYCTBO HAaLLMX
rpaheBuHCKMX WHXewepa y obractu
apMMPaHOBETOHCKMX KOHCTpyKUWja
3aCHOBAHO je Ha BuLe Of TPW AeLeHuje
npumeHe [paBunHMKa O TEXHUYKMM
HopmaTtmeima 3a 6eToH 1 apmupanHu
6etoH n3 1987. roguHe (MBAB’87) [1].
Crtynare Ha cHary Hosor [lpaBurnHuka
3a rpaheBunHcke KOHCTpyKUnje
Peny6nvke Cpbuje [2], 26. peuembpa
2019. rogwHe, kojum ce yBoawu
obaBe3Ha npumeHa eBpokodoBa Yy
npojekToBamy " nssohemwy
rpafeBUHCKNX KOHCTpYyKUMja, Hamehe 1
notpeby npeucnutMBarwa focagallher
nocTynka npenMMuHapHoOr YycBajaha
AnveHsvja Ab enemeHarta 3acHosaHor
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structures to the rules given by
Eurocode 2 [3], [4].

This paper presents the determination
of the economic depth of solid one-way
RC slabs according to both regulations.
Span lengths and imposed load's
intensities were varied, and the depth
with the lowest cost which at the same
time satisfies all the requirements for
safety, serviceability, durability and fire
resistance from the relevant regulations
has been declared the economic depth
of the slab. Differences in the obtained
slab depths, span-to-depth ratios and
percentages of reinforcement were
emphasized and their possible causes
were pointed out.

The limit values of the span-to-depth
ratio of the slab and the percentage of
reinforcement for which, according to
the valid regulations (Eurocode 2) the
most economic solutions are obtained,
are especially emphasized, and the

criteria and procedure for their
determination are explained. The
obtained values sometimes differ

significantly from those according to
previous practice (PBAB’87).

2. INPUT DATA

The analysis of economic overall depth
of RC slab according to both
considered regulations is based on
several common assumptions and input
data, in order to achieve mutual
comparability of results.

Structural model - one-way, simple
supported slab with span lengths from 2
to 10 m.

Fire resistance and durability - REI
60; XC1.

Superimposed dead load (finishes,
services, etc.) of 1.5 kN/m? is included
in the analysis.

Imposed load — 1.5; 2; 2.5; 3; 4; 5; 7.5
and 10 kN/m?.

Concrete — C30/37 (MB35).
Reinforcement — B500.

The economic depth of a slab is the
one that satisfies the ultimate and

Ha wuckyctey ca [1BAB’87, Te
npunarohaBare npojekta GEeTOHCKMX
KOHCTpYKUMja NpaBunnuma cagpaHum y
Espokopay 2 [3], [4].

Y oBoM pagy je  npukasaHo
onpefhuBatbe €KOHOMWUYHE [OebrbuHe
nyHux AB nnoya HocuBUX Yy jeaHOM
npasuy npema oba nponuvca. BapupaHu
Cy pacrnoHu un kopucHa ontepeheta, a
32 EeKOHOMUYHY OebrbuHy — nnoye
nporrnawleHa je oHa Koja numa HajHWKY
LeHy M UCTOBPEMEHO 3a0BOSbaBa CBE
3axTeBe HOCMBOCTW, YNOTPeGIbMBOCTH,
TPajHOCTM U NOXapHe OTMOPHOCTU W3
oprosapajyher nponuca. HarnaweHe
cy pasnuke y gobujeHum pebrbmHama
nrno4a, ogHocMMa pacnoHa u aebrbuHe
1 NPOLEHTMMA apMuparba U yKa3aHo Ha
HMXxoBe moryhe y3poke.

[MocebHO ce  wCTMYy  rpaHunyHe
BPEeOHOCTU ofHoca pacnoH/aebrbuHa
nnoye 1 npowueHata apmupara 3a Koje

ce, npema Baxehum nponucuma
(EBpokoay 2) nobujajy
HajeKkOHOMUYHWja peLleta, Te

o6jalraBajy Kputepujymmn n nocTynak
3a HuxoBo opapehuBane. [obujeHe
BpeLHOCTU ce Hekag  3HauvajHo
pasnuKyjy o4 OHUX NpemMa JocafallHoj
npakcu (MBAB’'87).

2. YNA3HM NOOALN

AHanmnsa ekoHOMu4He OeGIbMHE NyHe
AB nnoye no ob6a pasmaTpaHa nponuca
je 3acHOBaHa Ha HEKONNKO 3ajeqHNYKMX
noctaekn, kako 6u ce nocTturna
MehycobHa ynopeauBoCT pesynrtaTa.
CTaTM4Ku cucTemM — Mrioya HocuBa y
jeoHoM npasLy, cuctema npocte rpege,
pacnoHa og 2 go 10 m.

OTnopHOCT Ha noXxap M TPajHOCT —
REI 60; XC1.

OopatHo crtanHo onTtepehewe (nop,
nnadoH, uHctanauvje u cn.) og 1.5
kN/m? je yKrby4eHo y aHanmay.
KopucHo ontepehewe — 1.5; 2; 2.5; 3;
4;5; 7.5 1 10 kN/m%

BeTtoH — C30/37 (MB35).

Apmartypa — B500.

EkoHOomMunyHa pOebrbvHa nnodve je oHa
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serviceability limit states (ULS and
SLS) and has the minimum cost. The
cost of 1m?® of slab is, following the
example of [5], formed as the sum of
the costs of concrete (100 €/m°),
reinforcement (1 €/kg) and allowance
for self-weight of the slab, which is the
measure of additional cost of the
supporting structure for every additional
1 kN of slab weight (2.5 €/kN). The
costs of formwork and cladding are not
considered.

In order to obtain realistic solutions, the
slab overall depth was rounded to 0.5
cm, and after calculating the required
reinforcement area, bar diameters were
adopted (thinner bars - @6 to @16, in
order to control cracks), and their
spacing was rounded to lower 0.5 cm.
Although Art. 117 of the PBAB’87
recommends limit deflection of /300, for
achieving comparability, the value /250
(in accordance with Ch. 7.4.1 of the
Eurocode 2) is adopted in the analyzes
to both regulations. This is necessary,
since to both regulations, except for
short spans (2 and 2.5 m), deflection
control is deciding for design.

All  further designations are in
accordance with Eurocode 2.

3. PBAB’87

PBAB’87 prescribes minimum overall
depth of RC slabs and limit spacings of
reinforcement. In this paper, these
requirements are accompanied by the
requirement of fire resistance REI 60,
which according to Table 5.8 in [6] can
be considered fulfilled if the depth of
slab is not less than 8 cm. The
minimum slab thickness is, therefore
determined from:

Koja 3agoBofbaBa rpaHWYHa CTaka
HocmBoCTM 1 ynoTpebrbmoctn (FTCH un
'CY) n nma HajHwky ueHy. LleHa 1m?
nnoye je, no yrnegy Ha [5], dpopmupaHa
Kao 36up ueHe yrpaheHor 6etoHa (100
€/m®), apmatype (1 €/kg) u popatka
360r comncTBeHe TEXMHe MnroYe, Koja
nosehaBa UeEHy MNOAKOHCTPyKUMje Ha
cBakn gogaTtHun 1 kN TexumHe nnoye
(2.5 €/kN). LleHe onnate u obnore Hucy
y3eTe y 063up.

Pagu nobujarba peanucTU4HUX
pelera, nebrounHa nnoye je
3ao0KkpyxmBaHa Ha 0.5 cm, a HakoH
CpayyHaBarba MoTpebHe MoBpLUMHE
apmaTtype YyCBajaHM Cy  peanHu
npevyHuun (Tamwe wunke - J6 go J16,
300r KOHTpoOre npcrvHa), a pasmak
3a0KpyXmBaH Ha mamwmx 0.5 cm. Mako
ce y un. 117 MNBAB'87 3a rpaHnyHn
ymb npenopydyje BenuumHa /300,
pagv ynopeavBoCTU je y aHanusama no
ob6a nponuca ycsojeHa BpegHocT 1/250,
y cknagy ca 1. 7.4.1 EBpokopa 2. Oso
je HeonxogHo, 6yayhu pa je no oba
nponuca, u3y3es y Cnyyajy Bpfio Manux
pacnoHa (2 n 2.5 m), koHTpona yruba
MepoAaBHa 3a AVMEH3NOHUCaHE.
Os3Hake CBWX BenMYMHA Yy [arbem
TEKCTY Cy Yy ckragy ca EBpokogom 2.

3. NBAbB'87

MBAB’87 nponucyje MUH/MarHe
nebromHe AB nnoya, Kao M rpaHnyHe
pasMake apmaTtype. Y OBOM pagy je
OBVM 3axTeBMMa MPUAPYKEH U 3axTeB
oTnopHocT Ha noxap REI 60, koju ce
npema tabenu 5.8 y [6] moxxe cmaTpaTn
UCMYHEHUM YKONMMKO AebrbvHa nnodve
HMje mawa o 8 cm. MwuHumanHa
nebrbyHa nnove je ctora ogpeheHa ma:

8 cm - Tabena/Table 5.8 [6]

h >max47 cm - un. 207 MBAB'87/Art. 207 of the PBAB'87 (1)

35 un. 207 NBAB'87/Art. 207 of the PBAB'87
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where | is the slab span. The concrete
cover for a slightly aggressive
environment XC1 is 1.5 cm (Art. 135
PBAB’87), but not less than diameter of
the bar.

The application of condition for
deflection control without  direct
calculation (Art. 118 PBAB'87) results
in unacceptably large slab depths.
Therefore, the slab deflection is here
calculated using Branson's method [7],
with the final creep coefficient ¢.=3,65.
It should be noted that, according to
this method, increasing the amount of
reinforcement has a very small
influence on the final deflection, which
resulted in achieving the SLS
requirements always by increasing the
slab depth above the value required by
ULS, while the area of reinforcement
was adopted from ULS conditions.
Application of other method of
calculating the deflection could lead to
different results.

The economic overall slab depths in
relation to span lengths, for various

roe je | pacnoH nnoye. 3aWwTUTHM Cnoj
OeToHa [o apmaType je 3a cnabo
arpecuBHy cpeguHy 1.5 cm (un. 135
MBAB’87), ann He MawW Of NpedHuKa
apmartype.

MpumeHa ycnoBa 3a KoHTpony yruba
6e3 gupekTHOr npopadyHa (un. 118
NMBAB’'87) 3axTeBa HenpuxBaT/bLUMBO
Benuke aebrbmHe nnoye. 36or Tora je
oBae yrmb nnoye pavyHaT NpUMEHOM
BpaHcoHoBe meTode [7], ca KOHaYHUM

KoepmumjeHTom  Teyewa  @-=3,65.
Tpeba HanomeHyTM [Jda, Mo OBQj
MeToaMm, nosehare KonunynHe

apmaTtype y npeceky MMa Bpfio manmu
yTMuaj Ha KoHayaH yrub, wTo je
pesynTupano Tume fa je 3a40BOrbee
CY yBek noctmsaHo Tek noseharem
nebrbuHe nnoye uM3Hag4 — BenuunHe
notpebHe 3a 3apoBorbere NCH, gok je
apmatypa yceajaHa u3 'CH ycnogea.
lMpumeHa ppyre metoge npopadyHa
yrnba morna 6u goBectu 4o Apyraunjux

pesynTara.
EkoHomunyHe  pgebrbuHe  nnoye  y
yHKUMjU  pacnoHa, 3a pasnuuuTa
KopucHa onTepehewa (, npema

MBAB’87 npvkasaHe cy Ha cnmum 1.

PBAB'87

imposed loads q, according to
PBAB’87, are shown in Figure 1.
B
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Cnuka 1 — EkoHoMuyHe febreuHe nnodve npema NBAB'87 3a kopucHa ontepehera
g=1.5; 2;2.5; 3;4; 5; 7.51n 10 KN/m?

Figure 1 — Economic overall slab depths according to PBAB’87 for imposed loads
g=1.5; 2;2.5; 3;4; 5; 7.51n 10 KN/m?
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Cnuka 2 — EkoHomMuyaH ogHoc pacnoHa u gebromHe nnode npema NBAB'87
Figure 2 — Economic span-to-overall depth ratio according to PBAB’87
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Cnuka 3 — EkoHOMUYHM npoueHTU apmuparsa nnodve npema NBAB'87
Figure 3 — Economic percentages of slab reinforcement according to PBAB’87
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The span-to-depth ratios which gave
the most economic solutions are shown
in Figure 2. This ratio is always below
35. For common img)osed loads in
buildings (2 to 5 kN/m®) and spans for
which solid slabs are economic solution
(4 to 6 m), this ratio is in the range of 25
to 32.

The percentages of reinforcement
p (Figure 3) for which an economic
solution according to PBAB’87 was
obtained are between 0.22 and 0.72%,
and for common spans and loads they
are between 0.32 and 0.42%.

4. EUROCODE 2

A minimum slab thickness of 8 cm was
adopted in accordance with the fire
resistance requirement [6]. The nominal
concrete cover, calculated as in [8], is 2
cm for reinforcement diameters @6 to
@10, 2.5 cm for @12 and @14, and 3
cm for @16, and is always greater than
that determined according to PBAB'87.

The economic overall depth of the slab
is determined as the depth with the
lowest cost, which at the same time
meets the ULS requirements (for
bending [9] and shear), its provided
area of reinforcement Asiprov iS in the
range between Asimin and Asimax, and
its span-to-effective depth ratio I/d
meets the requirements for deflection
control  without direct calculation
(expressions 7.16 of Ch 7.4.2 of
Eurocode 2 [3]). In this analysis, the I/d
ratio is further limited to 40K (BS EN
1992-1-1/NA). The value K=1.0 is
adopted according to Table 7.4N of
Eurocode 2 for a simply supported one-
way slab. In accordance with pt. 7.4.2
(2) of Eurocode 2, for spans lew>7 m,
the limit value of the I/d ratio was
corrected by multiplication factor 7/les.

Fulfilment of conditions for deflection
control without direct calculation can
be achieved in two ways: by the
appropriate slab depth, reinforced with
the required area of reinforcement

Cnvka 2 npukasyje ogHOC pacrnoHa wu
yKynHe [OebrbuHe nnodve Kojuma je
MOCTUrHYTO HajeKOHOMWYHUje peLLeH-e.
OBaj ogHoc je yBek ucnog 35. 3a
yobuyajeHa kopucHa onTtepeherwa y
arpagapcTay (2 go 5 kN/m?) u pacnowe
3a koje je npumeHa nyHux AB nnouya
ekoHoMM4YHa (4 o 6 m), oBaj ogHOC ce
Hanasn y rpaHuuama nsmehy 25 n 32.
MpoueHTn apmupawa p (cnvka 3) 3a
Koje je BoBWnjeHO EKOHOMMYHO pellere
npema [NBAB’'87 Hanase ce wu3amehy
022 n 0.72 %, a 3a yobuuajeHe
pacnoHe n ontepehena usmehy 0.32 un
0.42 %.

4. EBPOKO[ 2

MuwHumanHa gebrbmHa nnova og 8 cm
yCBOjeHa je y ckragy ca 3axTeBOM
OTMOPHOCTU Ha noxap [6]. HomuHanHa
pebrbmHa  3awTtuTHOr crnoja 6eToHa,
cpadvyHaTta kao Yy [8], usHocu 2 cm 3a
apmartypy npeyvHuka @6 no @10, 2.5 cm
3a @12 n @14, ogHocHo 3 cm 3a 316, un
yBeK je Beha oa oHe ogpeheHe npema
MBAB'87.

EkoHOMMYHa nebronHa nnoye
ogpefieHa je kao gebGrbmHa koja uma
HajHWKY  LUEeHy M MCTOBPEMEHO
ucnywasa ycrnose CH (3a caBujare
[91 »n cmuuamwe), HeHa ycBojeHa
noBpLUMHa apmaTtype Asipov C€ HaNasu
y rpanvngama mnsmeny Asimin U Asimax, @
OOHOC pacroHa u ctatuyke BucuHe I/d
ucnywaBa YyCcrnoBe 3a KOHTpony yrnba
6e3 ampekTHOr npopadvyHa (13pasun 7.16
Tayke 7.4.2 EBpokoga 2 [3]). Y oBOj
aHanu3n je BpegHocT l/d pgopatHo
orpaHuyeHa Ha 40K (BS EN 1992-1-
1/NA). BpegHocTt K=1.0 je ycBojeHa
npema Tabenn 7.4N EBpokoga 2 3a
cnoboaHO OCIOH-EHY NITOYY KOja HOCK Y
jeaHoM npaBuy. Y cknagy ca Taykowm
7.4.2 (2) EBpokopa 2, 3a pacnoHe le>7
M U3BpLUEHA je& KOopeKuuja rpaHudHe
BPELQHOCTU ogHoca I/d HEHUM
MHOXeHeM hakTopoM 7/le.
3agoBorbete  ycrioBa 3a  KOHTPOMy
yrmba 6e3  OMpekTHOr npopavyHa
Moryhe je noctuhyv Ha OBa HauyuHa:
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Asieq determined by ULS analysis, or
by a thinner slab reinforced with a
larger amount of reinforcement Asz prov-
In this analysis, the increase in
reinforcement area is limited to
As1,provS1.5As1req (BS EN 1992-1-1/NA).
This increase reduces the stress in the
reinforcement oz for quasi-permanent
load ggp, and the limit ratio I/d can be
increased (ch. 7.4.2 of Eurocode 2) by
multiplying by a factor of 310/cs, which
leads to a smaller required slab depth.
This approach, combined with the
application of real reinforcement
diameters at real spacings, led to a
stepwise or "wavy" curve of the
economic slab depth (Figure 4), the
span-to-overall depth ratio (Figure 5)
and the percentage of reinforcement
(Figure 6) as a function of span length
and load. Namely, in the aspiration to
obtain as realistic solutions as possible,
it happened that for one span the
economic thickness, achieved with
As1req, IS greater than for the next larger
span, which has an increased
reinforcement area Asi,prov £1.5As1,req-
The following factors were used to
determine the quasi-permanent load: y»
=0.3 for g=1.5 to 2.5 kN/m?, w» =0.6 for
g=3 to 5 kN/m? and y» =0.8 for q=7.5
and 10 kN/mZ, in accordance with [10],
[11] and [12].

Although shear was controlled in the
analysis, the deciding criteria for
dimensioning was always the deflection
control. Exceptions are slabs of
extremely small span (2 and 2.5 m),
whose depth was determined from the
ULS requirements.

In Figure 5, it can be seen that the
economic span-to-overall depth ratio to
Eurocode is always in the range of 20
to 34. For common imposed loads in
buildings (2 to 5 kN/m?) and spans for
which the use of solid RC slabs is
economic (4 to 6 m), this ratio should
be kept between 26 and 34.

The percentages of reinforcement p
(Figure 6) for which an economic
solution was obtained according to
Eurocode 2 are between 0.32 and

ogroeapajyhom AebrbMHOM nnode Koja
je apmupaHa noTpPeGHOM MOBPLUMHOM
apmaTtype Asireq OOpEREHOM 13 ycroBa
CH, unu Takom nno4yoMm apmMumpaHoMm
Behom konuuuHom apmartype Asiprov. Y
OBOj aHanusu je nosehare MoBpLUMHE
apmaTtype OorpaHu4eHo Ha
As1,p0v€1.5As1,1eq (BS EN 1992-1-1/NA).
OBuM noBehaweM cMakyje ce HamnoH y
apmaTypu os 3@  KBasu-CTarnHo
ontepehere qop, @ rpaHnyHK ogHoc I/d
MOxXe pfa ce noseha (Tayka 7.4.2
EBpokoga 2) MHOXewem akTopom
310/0s, WTO BOAM Ka MaH0j NOTPeBHO]
nebrmin  nnoye. OBakaB  npucTyn,
KOMOWMHOBaH Cca MNPUMEHOM pearHux
npeyHvka apmaTtype Ha peanHum
pasmauuma, OOBEO je A0 ,CKOKOBUTE®,
OOHOCHO ,Tanacacre* KpviBe
€KOHOMMYHe [febrbmHe nno4ve (cnvka
4), opHoca pacrnoH/ykynHa paebromHa
(cnmka 5) wn npoueHTa apmupana
(cnmka 6) y dyHKuMjM pacnoHa wn
ontepeherwa. Havme, y Texwn ka
pobvjany WTO peanucTUYHUjuX
pellewa, Jecuno ce pfa 3a jedaH
pacnoH €KOHOMMYHa nebrbuHa,
nocTurHyta ca Asireq, OyAe Beha Hero
3a kemMy cycefHu Behu pacnoH, Koju
uma ysehaHy noBpwMHY apmaType
Asl,prov S]--E)Asl,req-

Mpwn ogpefuBary  KBasu-cTanHor
ontepehewa kopuwheHn cy cnegehu
koedpmumjeHtn: y» =0.3 3a q=1.5 go 2.5
kN/m?, > =0.6 3a q=3 70 5 kN/m? n v,
=0.8 3a 4=7.5 n 10 kN/m?, y cknagy ca
[10], (111 n [12].

Mako je y aHamManm KOHTpOMMcaHo
cMuLawe, MepodaBaH ycroB  3a
OMMEH3NoHNcawe  yBek je  Buo
KOHTporna yruba. WM3ysetak cy nnode
M3y3eTHO Maror pacnoHa (2 n 2.5 m),
Koje cy AMMEH3VOHMCaHe M3 YycrnoBa
[CH.

Ha cnuumn 5 ce moxe 3anasutn ga je
€KOHOMMYaH OOHOC pacroHa U YKyrnHe
nebrbmnHe nnoye npema EBpokoay yBek
mamelly 20 u 34. 3a yobudajeHa
KopucHa ontepehemna y 3rpagapctsy (2
po 5 kN/m?) u pacrioHe 3a koje je
npvMeHa nyHux Ab nnova eKkoHOMUYHa
(4 mo 6 m), oBaj ogHoc 6u Tpebano
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0.86%, and for common spans and
loads between 0.5 and 0.82%.

Table 1 shows the numerical values of
the economic overall depths of the slab,
and the zones in which a certain
criterion was deciding are marked. For
very small spans and loads, the slab
depth was determined from the
requirements of fire resistance, and an
economic solution was obtained by
calculating the reinforcement according
to ULS. For solid slabs of the usual
span and load up to 5 kN/m?, a more
economic solution is with a thinner slab
and an increased reinforcement area.
For a load of 5 kN/m?, both solutions
are equally economic, while for large
imposed loads (7.5 and 10 kN/m?) it is
more economic to adopt thicker slabs,
with reinforcement calculated from the
ULS analysis.

apxatu y rpaHuuama usmehy 26 u 34.
MpoueHTn apmupara p (cnuka 6) 3a
Koje je BoOWjeHO EeKOHOMMYHO pelleHe
npema EBpokogy 2 Hanase ce usmehy
0.32 n 0.86 %, a 3a yobuuajeHe
pacrnoHe u onTtepeherwa namehy 0.5 n
0.82 %.

Y T1abenn 1 cy npukasaHe Hymepuyke
BpeaHOCTH EKOHOMUYHUX ,Ele6J'bI/IHa
nro4e, a CNMKOBUTO Cy O3HA4YeHe 30He
y kojuma je 6uo mepogasaH ogpeheHu
KpuTepujym. Koa Bpno mManux pacnoHa
n ontepehewa pAebrbMHa nnoye je
ogpefleHa n3 3axTeBa OTMOPHOCTU Ha

noxap, a €eKOHOMWYHO pelewe je
nobujeHo  npopavyHOM  apmaTtype
npema [CH. 3a nyHe nnoye

yobuyajeHor pacrnoHa u ontepeherwa
1o 5 kN/m? ekoHoMUuHUje je peluere
ca TawOM nnoYyom K yBehaHOM
NoBPLUNHOM apmaType. 3a
onTtepehere of 5 kN/m? o6a pellera
Cy nofjeaHako eKOHOMMW4YHa, JOK je 3a
Benuka kopucHa ontepehera (7.5 n 10
kN/m?) ekoHOMUYHWje ycBajaTV Aebrbe
nnoye, ca apmaTtypom cpadyyHaTtoMm w3
ycnosa (CH.
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Cnuka 4 — ExoHoMuyHe gebrbuHe nnove npema EBpokoay 2 3a kopucHa ontepehersa
g=1.5; 2;2.5; 3;4; 5; 7.51n 10 KN/m?

Figure 4 — Economic overall slab depths according to Eurocode 2 for imposed loads
g=1.5; 2;2.5; 3;4; 5; 7.51n 10 KN/m?
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Cnvka 5 — EkoHoMuuyaH ogHoc pacnoHa u aebrbmHe nnode npema Espokogy 2
Figure 5 — Economic span-to-overall depth ratio according to Eurocode 2
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Cnuka 6 — EkOHOMUYHM NpouEeHTV apMuparsa nnove npema Espokony 2
Figure 6 — Economic percentages of slab reinforcement according to Eurocode 2
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Tabena 1 — EkoHOMUYHe OebrbnHe nNnove 1 MepoaaBHu Kputepujymu npema Espokogy 2
Table 1 — Economic overall slab depths and deciding criteria according to Eurocode 2

q [kN/m?] 1,5 2 2,5 3 4 5 75 10
I [m] h [cm]
2 8 8 8 8 8,5 8,5 8 9,5
2,5 9 9 9 9 9 10 95 11,5
3 10 10,5 10 10 10 12 13 135
3,5 11,5 11,5 11,5 11,5 11,5 12 15 15,5
4 135 125 125 13 135 135 17 17,5
45 14 14 14 15 15 15 16 19,5
5 155 155 155 16,5 16,5 19 215 22
55 17,5 16,5 16,5 20,5 18 18 24 24
6 18,5 18,5 18 19,5 19,5 19,5 215 26
6,5 20,5 20 195 21 21 255 27 27
7 225 22 21 225 23 23 295 30,5
28,5 28 275 29 29 30 315 32
335 345 34 355 355 355 38 385
10 41 40,5 41 43 43 43 46,5 46

Beha ge6sbuHa/Higher depth
Bpno 6ausy, anu marba aebsbmHa/Very close, but lower depth

Bpno 6ausy, anu seha aebwuHa/Very close, but higher depth

5. COMPARISON OF RESULTS

Figure 7 gives a comparative view of
the economic overall depths of slab
obtained according to PBAB’'87 and
Eurocode 2 for some of the analyzed
loads. According to Eurocode 2, except
for extremely small spans, lower depths
are obtained, but higher percentages of
reinforcement (Figure 9). However, for
the usual spans and higher loads,
differences in the economic slab depths
according to both regulations are small.
The lower effective depth due to the
thicker concrete cover according to
Eurocode 2 is compensated by the
increased amount of reinforcement
(Figure 9).

It can be seen from Figure 8 that
according to Eurocode 2, "more
slender" economic  solutions are
obtained, with higher I/h ratios. This
may be due, partly to the choice of
deflection calculation method in the
PBAB’87 analysis.

5. NOPEREHE PE3YJITATA

Ha cnuum 7 pat je ynopegHu npukas
€KOHOMUYHMX nebrbmHa nnoye
nobvjeHnx npema MNBAB’87 n EBpokony
2 33 Heka oOf aHanMsupaHux
ontepehewa. lNpema Espokogy 2 ce,
CeM 3a W3y3eTHO Mare pacroHe,
pobvjajy mawe nebrbvHe nnova, anv
Behn npoueHTn apmuparsa (cnuka 9).
Mnak, 3a yobuyajeHe pacnoHe un Beha
ontepehewa €eKOHOMWYHe OebrbuHe
nnoya no oba nponuca ce Mmarno
pasnukyjy. Mawa cTatudka BUCUHA
36or Beher sawTuTHOr cnoja 6etoHa
npema EBpokogy 2 ce HagokHahyje
nosehaHoM  KONMMYMHOM  apmMaType
(cnwuka 9).

Ca cnuke 8 ce mMoxe youuTu ga ce
npema EBpokogy 2 pobujajy ,BuTkmja“
€KOHOMWYHA peLlerwa, ca CMenujum
opgHocuma I/h. OBo AenvMUYHO MOXKe
outm n nocneguua wusbopa MeToae
npopadyHa yrmba kog aHanuse npema
MBAB'87.
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Economic  solutions according to
Eurocode 2 are obtained by much
higher reinforcement percentages than
according to PBAB’87 (Figure 9).

q =2 kN/m?
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EkoHomuyHa peletba npema Espokogy
2 ce pobwjajy npumeHom gocta Behumx
npoueHaTa apmupaka Hero npema
MBAB’87 (cnwvka 9).
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Cnwka 7 — EkoHomuyHe febreunHe nnodve npema NBAB’87 1 EBpokoay 2
Figure 7 — Economic overall slab depths according to PBAB’87 and Eurocode 2

6. CONCLUSION

During the conceptual faze of design of
structures, we are guided by guidelines
from the literature, the requirements of
technical regulations and experience in
the design of similar members and
structures.

Our current experience in the design of
concrete structures is based on more
than three decades of application of
PBAB'87. The introduction of
Eurocodes requires a review and
correction of habits in this area.

6. 3AKbYYAK

Tokom KOHUenTyanHor I'IpOjeKTOBal-ba
KOHCprKLl,VIja BOAMMO Ce CMepHuUama
n3 nutepartype, 3axreBmMma TexHU4Kke

perynaTtvee " UCKYCTBOM y
NPOjEKTOBaky CAVMYHMX eremMeHaTa u
KOHCTpYKUMUja. Hawe  pocapgawne

WCKYCTBO Y NpOjekToBaky OETOHCKMX
KOHCTpPYKUMja Ce 3acHMBa Ha BULLE O
Tpu pgeueHunje npumeHe [1BAB'87.
YBohene €eBpoKoJoBa 3axTeBa
NnpencnuTuBake U KOpeKLMjy HaBuka y
0BOj obnacTtu.
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Cnvka 8 — EkoHOMUYHM ogHocm pacnoH/ykynHa aebreuHa npema NBAB’87 n EBpokoay 2
Figure 8 — Economic span-to-overall depth ratio according to PBAB’87 and Eurocode 2
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Cnuka 9 — EkoHoMU4HM npoueHT apmunparsa npema NBAB’87 n Espokoay 2
Figure 9 — Economic reinforcement percentages according to PBAB’87 and Eurocode 2
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The analysis of the economic depths of
solid one-way RC slabs according to
PBAB’87 and Eurocode 2 indicates the
following:

AHanun3a ekoHoMW4He AebrbuHe MyHUX
AB nnoya HOCMBUX Yy jedHOM npasLy
npema NBAB’'87 n EBpokoay 2 ykasyje
Ha cnegehe:

e For all other same input data the
lowest cost calculated according to
Eurocode 2, with the fulfillment of
ULS and SLS conditions and the
required fire resistance is achieved
with lower slab depths ie. higher
values of span/overall depth ratio
than according to PBAB’87;

For slab spans between 4 and 6 m
and common loads in buildings, the
economic span-to overall depth ratio
is in the range between 26 and 34;

In most cases, a lower cost is
achieved by choosing a thinner slab,
with reinforcement increased above
the value calculated for ULS, up to
50%. The percentage of
reinforcement, for economic
solutions, is between 0.5 and 0.82%;
e The deciding condition for
determining the economic thickness
of solid slabs is the deflection limit.
The exceptions are slabs of very
small span;

Economic control of deflection of
solid slabs with imposed load over
7.5 kN/m? is achieved by a greater
depths of the slab with reinforcement
area calculated according to ULS.
The exceptions are slabs of large
spans (over 8 m).

» 3a cBe ocTarne ucte ynasHe nogarke,
npopadyyHoM npema Espokogy 2
HajHWXa LieHa, y3 Ucnywere ycrosa
CH un 'CY un 3axTeBaHy OTNOPHOCT
Ha noxap JOCTWXKEe Ce ca MakbuMm
nebroMHama nnoye, 0AHOCHO BULLUM
BpEOHOCTMMA OfHOCa pacrnoHa U
nebrbuHe Hero npema MNBAB’'87;

3a pacnoHe nnoya nsmehy 4 n6 mn
yobuuajeHa onTepehera y
3rpagapcTBy, €KOHOMWYAH OOHOC
pacnoHa u ykynHe aebrbuHe Hanasu
ce y rpaHuuama mnsmehy 26 n 34;

Y BehuHn cnyyajeBa ce Hwka LieHa
nocTuxe mn3dOpoM Tawe nnoye, ca
apmaTtypom nosehaHom n3Hag
BpegHocTu cpadyHate 3a [CH po
50%. [MpoueHaT apmupama ce, 3a
€KOHOMUYHa peLleta, Hanasu
namehy 0.5 n 0.82%;

MepopaBaH ycnoB 3a oppehuBare
€KOHOMWYHe AebrbuHe nyHWX nnoya
je orpaHunyene yrmba. WN3ysetak cy
nnoye BPro maror pacrnoHa;
EkoHOoMuyHa koHTpona yrmba nyHux
nnoya  ontepeheHMx  KOPWUCHUM
onTepehetbeM usHag 7.5 KkN/m?
nocTmke ce sehom aebrbMHOM nnoye
ca apMaTypoM u4wuja je noBpLUMHA
cpadvyHate npema CH. Usysetak cy
nroye BEMMKMX pacrnoHa (npeko 8 m).
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