CONFINED COCRETE MODELS ACCORDING TO EC 2 AND EC 8
AND THEIR INFLUEENCE ON THE RC FRAME SEISMIC RESPONSE

MOOENWU YTEFHYTOI BETOHA NPEMA EBPOKOAY 2 U EBPOKOAY
8 N bNXOB YTULIAJ HA CEU3MUYKN OArOBOP Ab OKBUPA
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Summary: Seismic design according to
European norms implies the design of
ductile rc structures. By confining the
concrete, the ratio of stress-strain is
chaning and increases ductility. In
Eurocode 2, a model of confined
concrete was proposed, and in the
Eurocode 8 an improved model was
shown. The paper also analyzes the
compared values of obtained strengths
and ultimate strains for both models of
confined concrete, as well as their
impact on the global and local seismic
response in the case of a six-storey rc
frame.
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1. INTRODUCTION

The concept of rc structures for
earhquake resistence design, according
to modern seismic regulations, is based
on the reduced elastic inertial seismic
actions by reduced factor with providing
adequate ductility in the all critical
region. The structure is designed so that
for design seismic action nonlinear
performance is exposed. According to
Eurocode 8, buildings can be designed
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Pe3ume: Cenamuukm npopadvyH npema
EBponckum Hopmama noppasymeBa
npojektoBawe AYKTUNHUX AB KOHCTpY-
Kumja. YTesawem OeToHa Mewa ce
O[HOC HamnoH - AnnaTtauuvja u nosehasa
ayktunHocT. Y EBpokoay 2 npeanoxeH
je jepaH mogen yTtesawa 6eToHa, a y
EBpokofy 8 je npukasaH noborbluaHm
Mogen. Y pady cCy aHanuanpaHe u
ynopefleHe  BpegHocTM  [o6uWjeHnx
yBpcToha M rpaHMYHUX aunaTauumja 3a
oba mopgena yterHytor 6eToHa, kao u
HMXOB YTULAj Ha rnobanHu 1 nokarnHm
CeM3MMykM  OoAroBop Ha  npumepy
wecTocnpaTtHor AB oksupa.

KrbyuyHe peun: EBponcke Hopwme,
AYKTUINHOCT, yTe3awe

1. yBO[

KoHuenT npopadyyHa CEeN3MnYKU
otnopHux AB KoHCTpykumja, npema
CaBpeMEHVM CEW3MUYKUM Mponucuma,
3acHMBa Ce Ha CMabely enacTUYHKX
MHepuMjanHux cemsMumyknx cuna da-
KTOpOM peaykumje y3 o06e3behere
afeKBaTHe OYKTUITHOCTM Y CBUM KpUTU-
YHUM pernoHuMa. KoHcTpykumja ce
npojekTyje Tako Qfa 3a MpOjeKTHO
CEeV3MMUYKO [€ejCTBO MCMOSbM HemnuHe-
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for different levels of energy dissipation
through two classes of ductility: medium
(DCM) and high (DCH). The structures
of the middle and high ductility classes
differ, apart from the value of the
behavior factor, in the local ductility
requirements. Local ductility, i.e. the
cross-sectional ductility is achieved,
inter alia, by cross-section confinement
with lateral reinforcement.

Confined concrete is defined as
concrete  restrained  with  lateral
reinforcement (steel stirrups or spirals).
The main consequence of confinement
is to increase the strength and ductility
of reinforced concrete.

In order to satisfy the seismic
performance of the elements and the
structure as a whole in the design of
seismic  resistant  structures, the
behavior of constituent materials of rc
elements, concrete and reinforcement,
affects on the shape and dimensions of
concrete elements, as well as on the
shape, quantity and layout of the
reinforcement, under cyclic loading [1].
There are a large number of concrete
models that describe the relationship of
stress-strain, for both unconfined and
confined concrete in the case of
monotonic or cyclic load: Hognestad
(1951), Kent and Park (1971), Popovics
(1973), Scott (1982), Park et al. (1982),
Sheikh and Uzumeri (1982), Tsai
(1988), Mander et al. (1988), Yong et al.
(1989), Li et al. (2000), etc.

Seismic requirements at global and local
level are assessed with nonlinear
analysis methods.

This paper analyzes the seismic
response of rc frame that is designed in
accordance with the provisions of EN
1992-1:2004 and EN 1998-1:2004. The
response was estimated using nonlinear
dynamic analysis for two models of
confined concrete, according to
Eurocodes 2 and 8. The responses at
the global and local level were
compared through ductility of the roof
displacement and cross section
curvature ductility Nonlinear dynamic
analysis has been conducted for three

apHo noHawawe. Npema EC8 koHcTpy-
Kumje ce MoOry npojektoBatu 3a pa-
3MMynTEe HUMBOE Aucunauuvje eHepruje
KpO3 ABe Krnace OYKTUIHOCTW: cpeaha
(DCM) n Bucoka (DCH). KoHcTpykumje
cpenHe M BUCOKe Krace OyKTUITHOCTU
pasnukyjy ce, OCuUM y BpegHOCTU
hakTopa noHawawa, y 3axTeBuma 3a
nokanHy AyKTunHocT. JlokanHa AykTu-
NHOCT, Tj. OYKTUNHOCT mnpeceka ce,
n3mehly octanor, noctTuxe yresarem
nonpeyHor npeceka nonpeyHom
apmaTtypom.

YTerHytn 6eToH ce aeduHuMwe kao
GeTOH Koju je ojayaH OO4YHO mnocTa-
B/EHOM apmaTtypoMm (y3eHruje wunm
cnupanHa apmaTtypa). maBHa nocne-
Avua ytesamna je nosehane yspcrohe un
OYKTUNHOCTW apMmupaHor 6eToHa.

Paan 3apoBorbewa CenaMUYKOr rnoHa-
lWaka enemMeHaTa MU KOHCTpyKuuje Kao
LenvHe npu NpojeKToBaky CEU3MUYKK
OTMOPHMX KOHCTPYyKLMja, Ha OOnuK wn
OvMeH3vje GeTOHCKUX eremeHaTa, Kao
n 0bnuK, KONMYMHY 1 pacnopep apma-
Type, yTude noHawawe KOHCTUTYTK-
BHMX MaTepujana AB enemeHara,
6eToHa n apmartype, ycnen LMKIMYHor
ontepehewa [1]. MocToju Benukn 6poj
mogena 6eToHa koju onucyje ogHOC
HanoH-gunaTtaumja 3a HeyTerHytm u
yTerHytu 6eToH, 3a cryyYaj MOHOTOHOI
unu umknudHor pdejctea: Hognestad
(1951), Kent i Park (1971), Popovics
(1973), Scott (1982), Park i dr. (1982),
Sheikh i Uzumeri (1982), Tsai (1988),
Mander i dr. (1988), Yong i dr. (1989), Li
i dr. (2000).

HenuHeapHum MeTogama  aHanuse
npoLewyjy Ce CEeU3MUYKN 3axTeBu Ha
rno6anHom 1 NokanHOM HUBOY.

Y pagy je aHanusvMpaH Ceu3MUYKK
oaroBop AB okBupa npojekToBaHor y
ckragy ca ogpenbama EN 1992-1:2004
n EN 1998-1:2004. Opgrosop je mnpo-
LeHeH MPUMEHOM HernuHeapHe OuHa-
MUYKe aHanusa 3a [ABa mojena
yTerHyTtor 6etoHa, npema EC2 n ECS8.
YnopeheHu cy oaroBopu Ha rnobanHom
N NOKanHOM HMBOY MPEKO AYKTUMHOCTU
nomepara Bpxa oKkBMpa v AyKTUIHOCTH
KPVUBMHE MoOnpeyYHor npeceka. Henu-
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earthquake records that complied the
requirements given in EN 1998-1.

2. MODELS OF CONFINED
CONCRETE ACCORDING TO
EUROPEAN NORMS

It is known that concrete has a fairly high
compressive strength and very limited
tensile strength, so that in the design of
rc structures, the tensile strength of
concrete is neglected. The stress-strain
curvature for concrete, due to the
monotonic load at uniaxial pressure, has
the form of a parabola, and the anvelope
of the o-¢ concrete diagram due to the
cyclic load does not deviate significantly
from the curvature of the monotonic
load. For cyclic loads corresponding to
an earthquake, the strength of the
concrete on the pressure does not
exceed the value of the strength due to
the monotonic load, Figure 1a, [1]. In
analytical models that describe the
behavior of concrete in uniaxial
pressure, the ascending branch of the
diagram o-¢ is mostly shown by the
parabolic function, while the descending
branch is shown as a linear function,
Figure 1b, [2].

T T

HeapHa AuHamumyka aHanuMsa je
cnpoBedeHa 3a Tpu 3anuca 3eMrbo-
Tpeca, Koja 3agoBoSbaBajy npasuna
nponvcaHa y EN 1998-1.

2. MOJENN YTErHYTOI BETOHA
NMPEMA EBPOKOLY

MosHaTo je pa 6GeTtoH nocepyje
nonpunnM4yHO  BENWKY YBpPCTORy  Ha
npuTUCaK 1 BPio OrpaHnyeHy YBpcTohy
Ha 3aTesawe, Te ce y npopadyHy Ab
KOHCTpyKumnja 4yBpcTtoha 6eToHa Ha
3aTe3ame 3aHemapyje. KpvBa Hanon-
AvnaTtauvja 3a 6eToH, ycnen MOHO-
TOHOr onTtepehewa npu jegHoaKcu-
janHom nputucky, mMma obnuk napa-
bone, n og oBe kpuBe He oAcTyna
3Ha4yajHO aHBenona o-¢ Aujarpama
6eToHa ycren umknuyHor ontepehersa.
3a uuknuyHa ontepehewa koja oparo-
Bapajy AejctBy 3emrboTpeca, Yspctoha
6eToHa Ha nMpuTMCak He npenasu
BpeaHoCT yBpcTohe ycnen MOHOTOHOT
ontepehewa, cnvka 1a, [1]. Y aHa-
NUTUYKMM MOAENUMa Koju onucyjy no-
Hawahe 6eToHa nNpuv jegHo-akcmjanHoM
nNpuUTUCKY Hajuyewhe ce ysnasHa rpaHa
Avjarpama o-g€ onvcyje napabonumyHom
dyHKUMjOM, [OK Cce curasHa rpaHa
npukasyje Kao nuHeapHa @YyHKUMja,
cnuka 16, [2].

| Linear

Stress
a
[

Strain, £, £, =0.0038

Cnuka 1 - [ujarpam g-¢ 6eToHa: a) umMknnyHmn nputncak [1], 6) ngeannsosaHa kpvea [2]
Figure 1 - Diagram o-¢ of concrete: a) cyclic compresson [1], b) idealised curve [2]

In the case of the structures resistant to
earthquakes, as a primary interest is the
case where the concrete is located
under the conditions of triaxial pressure,
so that the stress in one direction (the
uniaxial stress o1) is considerably larger

Koo  KOHCTpyKuMja  OTNOPHUX  Ha
3eMrbOTpec oA NpUMapHor MHTepeca je
cnyyaj kaga ce ©OeToH Hanasu y
yCrnoBMma TPOOCHOr MpUTUCKA, Tako Aa
je HanoH y jegHOM npaBuy (akcujanHu
HanoH o1) 3HaTHO Behu of Apyra Asa
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than the other two that are with the same
value order (the lateral stresses 02 = 03).
Such stress conditions occur in the
compressed concrete zone when
approaching its maximum strength,
provided that the lateral expansion is
limited. This limitation may be from
lateral reinforcement: steel stirrups or
spirals, which limits the lateral strain
within the "reinforcement cage" that is
formed by the lateral and longitudinal
reinforcement. The limitation of the
lateral strain is called the confinement,
and the volume of such concrete is
considered as confined [1]. The value of
the maximum strength increases, as
well as the strain corresponding to this
stress, Figure 2a. As the lateral pressure
(02, 03) is higher, the uniaxial stress
increasing is greater and the
corresponding strains. Beside that, the
descending branch of the o-¢ diagram
becomes less steep.

4 Oc

Moderate hydrostatic pressure

Confinement

with spirals
Unconfined
concrete Confinement with ties

KOju cy wuctor peaa BenuuuHe (GOYHU
HarnoHu 02 = 03). TakBu HANOHCKN YCro-
BW Ce jaBrbajy Y MPUTUCHYTOj 30HU
GeToHa kaga ce npubnumkaBa CBOjOj
Hajsehoj BpegHOCTK YUBpcTOhe, y3 yCrios
Aa je 604HO WKMpere orpaHnyeHo. OBo
orpaHuyere Moxe ga notude of
nonpeyHe apmaType: y3eHrvja wunm
crnvparnHe apmartype, Koje orpaHu4aBajy
6ouHy gunartauujy yHyTap ,apmartypHor
Kowa“ Kkoju copmupajy nonpedyHa wu
nogyxkHa apmartypa. OrpaHunyene
6o4yHe AnnaTauuje ce Ha3MBa yTe3ame,
a 3anpemwuHa TakBor 6eToHa ce cmaTpa
yterHytom [1]. BpegHocT makcumariHe
ypctohe ce nosehaBa, KkKao MU
gunatauvja koja oaroBapa OBOM
HanoHy, cnuka 2a. Lto je Behn 6o4Hn
npuTtucak (oz, 0s), sehe je n nosehamwe
akcujanHor HanoHa u opgrosapajyhe
AvnaTauuje. Nopen Tora cunasHa rpaHa
Ounjarpama o-€ noctaje paBHuja.

£ S G &

Cnuka 2 - lujarpam o-¢ 6eToHa a)3a pas3nuuute TUNoBe yTesamwa [2], 6) 3a HenMHeapHy
aHanuay KoHcTpykumja [3]

Figure 2 - Diagram o-¢ of concretea) for various types of confinement [2], b) for nonlinear

analysis of the structures [3]

Reference methods for assessing the
seismic performance of structure, i.e.
obtaining a seismic response, are
nonlinear analysis methods. Modeling
for the nonlinear method demands
should include post-elastic behavior of
the elements. Nonlinear models are
based on the mean values of material
properties. For nonlinear structural
analysis, it is used oc-¢c diagram of
compressed stress and corresponding
strain of unconfined concrete for short-
term uniaxial load, which is shown in the

PedbepeHTHe MeToge npu npoueHu
CEeU3MUYKOr MNoHallaka KOHCTpyKuuje,
OJIHOCHO nobvjara censmmnykor
0oQroBopa Cy HenuHeapHe MeTofe
aHanusa. Mopgenupawe 3a notpebe
HenuHeapHux MeToga Tpeba pgda
obyxBaTu MOCTENacTUYHO rOHaLLaHe
enemeHaTa. HenuHapHu wMopgenu cy
3aCHOBaHW Ha oCcpefHMM BpegHoCcTUma
ocobvHa matepujana. 3a HenuHeapHe
aHanuM3e KOHCTpyKUuMja Kopuctu ce
Avjarpam HanoH npuTmcka "
oarosapajyha gunartauuja HeyTerHyTtor
6etoHa  Oc-&  3a KpaTKoTpajHO
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Figure 2b and is described by equation

[3]:

where:
n=éc/éc,
&.1-Strain  at the highest

k =1.05E¢y, - |ece|/fom . Where Eem is

modulus of elasticity, fem is mean value
of compressed concrete strength,

&cy1 -Ultimate strain (3.5%o).

With concrete confinement the stress-
strain ratio in concrete is changed and
increase the values of maximum
strength from fc to fcc, strain that
correspond to the maximum strength
from &co tO €co,c and ultimate strains from
&u 10 &wuc. The ascending branch is
modeled as a parabolic curvature based
on equation (1) as:

stress,

jeaHoakcujanHo onTtepehewe, Koju je
npukasaH Ha cnuum 26 u onucaH
jeanaynHom [3]:

Y rIm @

rge je:
n=éclec
£c1 - AMnNaTtaumja npu Hajsehem HanoHy

k =1.05E¢y |éca|ffem » @€ je  Ecm

mMoAyn enactuyHoctw, fom je cpegmwa
BpegHocT  uBpctohe GetoHa npwu
NPUTUCKY,

&yt -TPaHNYHa aunarauuja (3.5%o).
YTe3atbem 6GeToHa ce Mewa OOHOC
HanoH - gunartaumja y ©6eToHy u
nosehaBajy BpegHOCTU MakcumarHe
yspcTohe of fc Ao fec, H0j oarosapajyhe
avnaraumje of &co A0 Ecoc U rPaHNYHE
avnatauvje oA &u A0 Ecuc. Y3nasHa
rpaHa je mogenupana kao napabonuyHa
KpMBa Ha OCHOBY jegHauuHe (1) kao:

& |y _ ¢
o _ €coc €coc @
fee  14(k-2)-%
€co,c

where k =1.05E “|égo,| ffe.c - Eciis

secant modulus of elasticity from the
origin to a stress 01=0.4 fc, determined
as E,=11000-f,"3, for Ec and fc in
MPa [1].

According to the analogy with the
uniaxial compressure diagram adopted
in EN 1992-1, the application of equation
(2) on the decreasing branch, e.i. after
reaching the value fcc and €co,c, can be
considered. A simplified alternative to
the descending branch of the o-¢
diagram is the approximation with the
right line [4]. Ultimate strain is defined as
strain on the decreasing branch of o-¢
diagram for the stress value

roe  je k:ZI..OSEC~|$CO'C|/1‘C’C a Ec

CeKaHTHM MoAyn of  KopAuHaTHOT
noyeTka O-¢ Aujarpama OO HanoHa
01=0.4f;, kKoju ce oppehyje Kao

E. =11000-f,°3, 3a Ec u f. y MPa [1].
Mo aHanorMjy ca pgujarpamom 3a

jeaHoaKkcujanHM nNpUTUCaK YCBOjEHUM Y
EN 1992-1, morna 6u ce pa3moTpuTn

npuMeHa jegHauyvHe (2) u Ha
onagajyhem pgeny, OOHOCHO nocne
JocTusarwba BpegHocTn fee UM Ecoc.

MojeqHocTaBbeHa anTepHaTMBa ona-
pajyhe rpaHe o©0-¢ [gujarpama je
anpokcMmaumja npaBoMm nuHWjoM [4].
paHnyHa gunatauuja je gedwHUcaHa
Kao avnartauuja Ha onagajyhem geny o-
£ Avjarpama 3a BPeLHOCT HamoHa Koju
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corresponding to 0,85 fc, e.i. 0,85 fcc for
confined concrete, Figure 3.

Oc
fee o

0.85fc ¢

c
0.85f.

ogrosapa 0,85 f., ogHocHo 0,85 fcc 3a
yTerHytu 6eToH, crnvka 3.

&

Cnuka 3 - LLemaTtckn nprkas m

€ Eoc

ogena

Eeue &

0-€ 33 YTErHYyTU U HEYTErHYTU GETOH

Figure 3 - Schematic representation of model o-¢ for confined and unconfined concrete

The increased values of the confined
concrete strength, its corresponding
strain and ultimate strain, adopted in EN
1992-1, are given by expression:

fc,c = fc [
fc,c = fc [

14522

‘)

C

1.125+2522
fC

€co,c = €co (

Eeu,c = €cu

02 is efective lateral pressure (02 = 03)
due to confinement and is determined
according to equation [5]:

lMosehaHe BpegHocTM 4BpcTOhe yTe-
rHytor GeToHa, oproeapajyhe pawna-
Tauvje v rpaHvyHe Agunartaumje, ycso-
jeHe y EN 1992-1 cy nate uspasuma:

3a o, <0.005f,

3
] 3a o, >0.005f,
2
f
J (4)
fC
+02%2 (5)
fC
02 je edekTMBHM OGOYHM npuUTUCAK

(02 = 03) ycnep yTesama u ogpefyje ce
Ha OcHoBY u3pasa [5]:

0y =a- psy Ty (6)
where: rge cy:
a - confinement effectiveness factor: a -cbakTop  edMKACHOCTU  yTesama:
2 2
a=l1-Sn|[1_3n_ 1_& ' a=|1-3h_|[1_Sn_ 1_& ,
2b, 2h, 6h,b, 2b, 2h, 6h,b,

Sh is stirrup spacing, bo and ho are
dimesiones of confined core to the
stirrup axis, and bi is the axial distance
between the longitudinal bars, which are
laterally held by stirrups or cross ties
along the cross-sectional perimeter,

Sh je pasMak y3eHruja, bo 1 ho AuMeH3svje
yTErHyTor jesrpa 0o oca y3eHruja, a bi
OCHO pacTojatbe M3MeRNy NOaYXHUX
Wwunkn Koje cy 6OYHO npuapxaHe
y3eHrmjama unu nornpe-YHUM Besama
Oy obuma nonpeyHor npeceka,
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psx - coefficient of reinforcement with
lateral reinforcement which is parallel
with the load direction X,

Psx = Asx/BySh, Asx is the cross-
sectional area of stirrups, and bw is
thickness of the web of a beam,
fw - yield strength of
reinforcement.

The model of confined concrete shown
in EC2 provides less improvement of the
main properties of concrete with
confinement relative to the confined
concrete model shown in EN 1998-3. In
EN 1998-3 the values of confined
concrete strength, its corresponded
strain  and ultimate strain, are
determined according to equations:

stirrup

foo =f |1+ 3.7[

Psx - KoeuumnjeHT  apmupara
nonpe4yHoM  apMaTtypom  koja je
napanenHa ca npasuem ontepehetba X,

Psx = Asx/BuSh» Asx je nosplmHa
nonpeyHor npeceka yseHrnja, a bw
nebrbmHa pebpa,

fyw - rpaHvua pasBnayewa apmartype
y3eHruja.

Mogen yterHytor 6eToHa npukasaH y
EC2 paje mame noborbliane rmaBHUX
ocobuHa 6eToHa ca yTe3areM y 04HOCY
Ha Mofen yTerHyTor 6eToHa npukasaHor
y EN 1998-3. Tlpema EN 1998-3
BpenHoCTM YBpcTohe yTerHyTor 6eToHa,
beMy oproBapajyhe kao v rpaHuyHe
aunatauuvje ogpefyjy ce Ha OCHOBY
n3pasa:

0.86
—“"’SX'fVWJ )

c

Ecoc = €co ~{1+ 5 [fc—c —1]:] (8)
) fc

fouc =4-10°+05

3. SEISMIC PERFORMANCE
ESTIMATION

To estimate the seismic performance of
a structure, ductility is often used, which
indicates the amount of seismic energy
that can be dissipated through plastic
deformation. The ductility demand is
determined as the ratio of the achieved
deformation and deformation at yield,
and is compared with the available
ductility, which correspond to the ratio of
the deformation at the failure
(deformation capacity) and deformation
at yield. At the local level, structural
performance is assessed based on the
curvature ductility. For rc cross sections,
the curvature capacity represents
sectional curvature at the moment when
the strain of the compressed concrete
reached the highest value (ultimate
strain), while the curvature at yield is
determined as the value of the curvature

Do o f
O Psy lyw ©)

c,c

3. MPOLEHA CEU3MUYKOI
OAroBOPA

3a oueHy ceusMMYKOr MoHaWawa
KOHCTPYKLMje ~ 4ecTo Ce  KOpuCTU
OYKTUIMHOCT, Koja ykasyje Ha KOMuYMHYy
Cen3MmnyKke eHepruje koja ce Moxe
pacunatM Kpo3 nnacTuyHy  Aedo-
pmauujy. 3axTeBaHa AYKTUIHOCT ce
ogpeflyje kao ogHOC ocTBapeHe Je-
cdopmaumje n gecpopmauuje Ha rpaHuLmn
Teyera, U Nopeam ce ca pacrnornoXnBoM
OYKTUINHOCTW, KOja npe-AcTaBrba OAHOC
Jedopmauvje Ha  rpaHaumM  nioma

(kanauuTteT aedo-pmauuje) "
AedopMaunje Ha rpaHnum Tedewa. Ha
rioKanHom HMBOY noHa-wake

KOHCTPYKLMje Ce ouekyje Ha OCHOBY
AykTunHocTu kpusmHe. 3a AB npeceke
KanauuteT  KpuBMHE  npe-ACTaBiba
KPUBUHY Mpeceka y TPeHyTKy Kaga je
avnatauvja 6eToHa npu  MPUTUCKY
gocTturna Hajehy BpegHOCT (rpaHUyHy
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when the strain of the tensile
reinforcement has reached yielding.
Nonlinear dynamic method gives the
most accurate insight into the nonlinear
behavior of the structure and while it is
applied, minimum of three earthquake
records is necessary to take into
account. These records must be
adequate for the given structure site,
and their values should be scaled to the
appropriate values for the seismic zone
[6]. The structure is analyzed for the
horizontal component of the record,
because the vertical component is
relatively damped fast, although in the
near-source earthquake it should not be
ignored [7], [8].

4. NUMERICAL EXAMPLE

In this paper rc frame with 6 stories is
analyzed, designed for the high ductility
class and seismic action of 0,3g
intensity. The frame is 3 x 5m span, the
height of the first storey is 3.5m and for
the other stories is 3m. All beams have
the same cross-section, 30x45cm, and
in numerical analyzes they are modeled
as T-section beam with an effective
flange width of 170cm and with
thickness of 15cm. The columns are
square, with dimensions of 50x50cm.
Concrete class C30/37 and steel S500,
class C, were adopted. The frame is
calculated due to permanent and
imposed load and seismic action.

The seismic action is represented by the
horizontal elastic response of type 1, for
the ground type C according to EN 1998-
1. For high ductility class, the behavior
factor is 5.85. The frame is dimensioned
according to the provisions of EN1992-1
and EN 1998-1.

The same reinforcement was adopted
for all columns, while for beams a
different reinforcement was adopted in
the field and in the joint zone, Figure 4.
The characteristic values of confined
concrete for beams and columns
according to EN 1992-1 are obtained on
the basis of the expressions (3), (4), (5)

aunartauuvjy), [OOK Ce KpuBMHA Ha
rpaHvumM  Tedewa  ogpefyje  kao
BPEeAHOCT KpMBUHE Kaja je gunatauuja
3aTerHyte apmaType A0-CTUrna rpaHuuy
Teyema.

HenvHeapHa AvHamuuka metoda Adaje
HajTayHMju yBUA Y HENMMHeapHO MOHa-
Wake KOHCTPYKUMje UK Mpu  HEHO]
NPUMEHN HEONXOAHO je y3eTn y 063up
MUHUMYM TpW 3anuca 3emrboTpeca.
OBy 3anucu mopajy 61Ty ageksaTHu 3a
AaTy nokaumjy KOHCTpyKLUMje, N Huxose
BpegHocTn Tpeba Aa Gydy ckanvpaHe
Ha opgroBapajyhe BpegHocTM 3a Ty
CcensMnyKy 30Hy [6]. KoHcTpykuuja ce
aHanusupa 3a XOPW3OHTanHy KOMMO-
HEHTy 3anuca, jep ce BepTuKanHa
KOMMOHEHTa penaTuBHO 6p3o npwury-
wyje, Mmaga ce y crnyyajy saemrbotpeca y
6nu3nHM enuueHTpa oHa He 6y cmena
3aHemapuTtu [7], [8].

4. HYMEPWYKU NPUMEP

Y oBom papy aHanusupaH je AB oksup
ca 6 cnpaToBa, NPOjeKTOBaH 3a BUCOKY
Knacy AYKTUITHOCTM U CEeU3MUYKO
pejctBo uHteHauteta 0,3 g. OkBup je
pacnoHa 3 x 5m, BucuHa npeor cnpaTa
je 3,5m a ocrtanux cnpatoBa 3m. Cse
rpefe umajy MUCTU MOMpeyvHn npecek,
30 x 45¢cm, a y HyMepuyknMm aHanusama
Cy mogenvpaHe Kao rpeae T-npeceka ca
edeKTMBHOM LLUIMPUHOM dnaHwe
170 cm n pebrbuHom 15cm.

CtyboBu cy KkBagpaTHW, [OUMEH3Mja
50 x 50cm. YcBojeH je 6eToH knace
C30/37 n yenuk S500 knace C. Okeup je
npopayyHaT ycrep cTanHor v nospe-
MeHor onTepehewa U  CEU3MUYKOr
gejctea. Ceumsmuyko  gejctBo  je
NPeACcTaBIbEHO XOPM3OHTaNHUM  ena-
CTUYHUM CMEeKTpoM ofrosopa tuna 1, 3a
Tno kateropuje C npema EN 1998-1. 3a
BWCOKY Kracy QOyKTUIIHOCTU dhakTop
noHawawa wusHocu 5,85. Okeup je
OVMEH3MOoHMCaH npema ogpenbama EN
1992-1 n EN 1998-1. 3a cBe cTyboBe je
ycBOjeHa uCTa apmaTypa, OOK je Kog
rpefa ycBsojeHa pasnuuuTa apmaypa y
nosby Wy 30HU OCIOoHUa, crivka 4.
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and (6), e.. (7), (8) and (9) for the
confined model given in EN 1998-3.
Table 1 shows these values, as well as
the values for unconfined concrete.

KapakTepncTuyHe BpegHOCTM yTEerHyTor
6eToHa rpega m cty6oBa npema EN
1992-1 wu3payyHaTe Cy Ha OCHOBY
n3pasa (3), (4), (5) n (6), ogHocHo (7), (8)
1 (9) 3a mogen ytesawa gat y EN 1998-
3. Y T1abenn 1 npukasaHe cy oBe

beam

1700

BpPEOHOCTH,

Kao u

HeyTerHyTu GeToH.

column

7014

608

A""‘

7914

300

ugs/s

450

500 ‘

BpeaHoOCTn 3a

12¢18
U$10/10

Cnuka 4 YcBojeHa apMaTypa rpega y 30HM ocfioHua 1 cTyboBa
Figure 4 - Reinforcements for beams in joint zone and columns

Tabena 1. KapakTepucTuyHe BpeQHOCTM 3a HEYTErHYTU U yTerHyTn 6eToH ctyba u rpege
Table 1. Characteristic values for unconfined and confined concrete of column and beam

Column Beam
unconfined EN2 EN8 EN2 EN8
f([MPa] 38 fec[MPa] 48.50 50.60 41.48 42.51
Eco 0.0022 Ecoc 0.0036 0.0058 0.0026 0.0035
Ecu 0.0035 Eeuc 0.0156 0.0267 0.0072 0.0122

Except the strength of concrete and the
quantity of lateral and longitudinal
reinforcement, an important parameter
for determining the curvature ductility is
the level of axial load in the columns,
and in the beam the ratio of the
compressed and tensile reinforcement.
Available curvature ductility of the
column cross-section (for the largest
axial force corresponding to the seismic
design situation) for the confined model
according to EC2 is 19.26, and for the
confined model according to EC8 is
31.35. The available curvature ductility
of the beam is determined in the case of
a negative moment (tension of the upper
side), the curvature ductility due to the
positive moment is greater because of
the adopted T cross-section. For the
confined model according to EC2, the
available curvature ductility is 23.5 and
is 32.9 for the confined model according
to EC8. When the cross sections were
not reinforced with lateral reinforcement,

Ocum uBpcTohe 6eToHa M KOMNWUYMHE
nonpeyHe v NoayxHe apmatype, GutaH
napametap 3a ogpefhuBare OyKTU-
NHOCTWN KPVBWHE j& U HMBO akcujanHor
ontepehewa koa cTyboBa, a koj rpeaa
OQHOC  MPUTUCHYTE W  3aTerHyTe
apmartype. Pacnonoxwusa OyKTUIHOCTU
KpVBMHE NONpeYHor npeceka ctyba (npu
Hajehoj akcujanHoj cunm npuTU-cka
Koja ofgroBapa CeusMW4Koj npopa-
YYHCKOj CUTyaumju) 3a Moden yTesawa
npema EC2 un3Hocn 19,26, a 3a mogen
yTesawa npema EC8 31,35. Pacno-
NOXMBa OYKTUITHOCT KPUBMHE rpefe je
ogpeheHa 3a cnyyaj HeraTMBHOr MO-
MeHTa (3aTesara ropwe CTpaHe), jep
36or ycsojeHor T npeceka pacno-
NnoXvBa OYKTUMNHOCT KPWUBUHE ycrneq
no3uTUBHOI MOMeHTa je Beha. 3a moaen
yTesawa npema EC2 pacno-noxvsa
OYKTUITHOCT  KpuBWMHE n3Hocu 23,5,
oAHocHo 32,9 3a Mmoaen yTesaka npema
EC8. Kapa nonpeyHn npeceum He ©Ou
6unu ojadyaHy NONPeYHOM apMa-Typom,
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the available ductility of the curvature
would be 5.67, for the column, e.i. 15.11
for the beam.

For the assessment of seismic perfo-
rmance, three earthquake records from
the PEER database were selected [9].
Nonlinear dynamic analysis was carried
out using the OpenSees program, which
enables the including of material and
geometric nonlinearities. Cross sections
are presented as fiber models, with
three types of different characteristics:
cover is modeled as an unconfined
concrete, a core as a confined concrete
and reinforcement is separately
modeled.

Seismic responses for three earthquake
records and two confined models are
presented below. The frame model for
which the values of confined concrete
are determined according to the
confined model given in EN 1992-1 is
marked as an EN2 model, while the
frame model with characteristic values
for confined concrete determined
according to the confined model shown
in EN 1998- 3 is marked as EN8 model.
In Table 2, the values of displacement
ductility are given. Although the values
of the roof displacement are greatest
due to the earthquake action Eql
(20.4 cm for model EN2 and 20.9 cm for
model EN8), displacement ductility for
both models is greatest due to the
earthquake action Eq3. The differences
between the roof displacement ductility
values are less than 5%.

pacnonoxuee AYKTUMHOCTU KpMBUHE B1
usHocune 5,67 3a cty6, ogHocHo 15.11
3a rpegy.

3a npoueHy CensMMYKOr noHawaka
opabpaHa cy Tpu 3anuca 3emrboTpeca
ms3 PEER 6ase nopataka [9].
HenuHneapHa pguHamuyka aHanusa je
cnpoBegeHa ynotpebom  nporpama
OpenSees, koju omoryhyje obyxsa-
Tawe wMmartepujarnHe U reomeTpujcke
HenuHeapHocTw. MNMonpeyHn npeceum cy
NPeACTaBIbEHN Kao BrakHacTM Mofe-
nn, ca Tpu BPCTE PasnNnyunTUX Kapa-
KTEpPWUCTMKA: OMOTau je MofenupaH kao
HeyTerHyTu 6eTOH, je3rpo kao yTerHyTu
6eToH M nocebHO je MogenupaHa
apmartypa.

Censmunykm ogrosopu 3a Tpu 3anuca
3eMrboTpeca M gBa Mogerna yresawa
npukasaHM cy Yy HactaBky. Mopgen
OKBMPa 33 KOjU CYy KapaKTepuUCTU4He
BpegHocTM yTerHytor 6eTtoHa opape-
fhieHe npema mogeny yTesawa 4aTtom y
EN 1992-1 obenexeH je kao mopaen
EN2, ook je mogen oksupa Koa Kojer cy
KapakTepucTM4yHEe BpPEeaHOCTM 3a yTe-
rHyTn 6eToH ogpefheHe npema moaeny
yTe3awa npukaszaHom y EN 1998-3 je
obenexeH kao mogen ENS8.

Y T1abenun 2 cy pate BpegHOCTM Ay-
KTUITHOCTM nomepawa. Mako cy Bpe-
OHOCTW Momepara Bpxa OKBMpa HajBe-
he ycnen pejctBa 3emrbotpeca Eq1
(20,4 cm 3a mopgen EN2 n 20,9 cm 3a
mogen EN8), aykTnnHocTv nomeawa 3a
oba mopena cy Hajgeha ycnen fejcta
semsboTpeca EQ3. Pasnuke wnsmehy
BPEeOHOCTM  OYKTUIHOCTM  MoMepana
BpXa OKBMpa cy Mare of 5%.

Tabena 2 BpegHocTu OyKTUIHOCTU Nomepaka Bpxa Ab okBupa
Table 2 Roof displacement ductility values of rc frame

Eql Eqg2 Eqg3
EN2 2.24 2.00 2.46
EN8 2.32 2.10 2.52

Beside the response at the global level,
the values of the curvature of the cross-
sections in the characteristic sections of
columns and beams are determined.
The values of the curvature ductility
demand Wy are estimated for all three

Mopen oaroeopa Ha rno6anHom HUBOY,
ofpeheHe cy M BpedHOCTU KpUBUHE
nonpeyHUx npeceka Yy  KapakTte-
pUCTUYHMM  npeceuuma CcTy6oBa U
rpepa. lMpouereHe cy BpedHOCTM 3a-
XTeBaHe AYKTUITHOCTU KpUBMHA |y 3a
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seismic actions and are compared with
the supplied ductility pesupp Of columns
and beams. The highest values are
given in Table 3.

cBa Tpu ceusmmyka gejctBa M yno-
pefleHe ca pacnonoXuBOM AYKTUITHO-
CTU Wgpsupp CTyOOBa 1 rpega. Hajsehe
BpeaHOCTK cy aaTte y Tabenu 3.

Tabena 3 Censmunykn oaroBop Ha NokarHoM HUBOY
Table 3 Seismic response at the local level

Eql Eq2 Eqg3
Heo Hol U supp Heo Mol U supp Ho o/ Mg supp
column EN2 | 3.72 19.32 2.02 10.48 6.06 31.44
EN8 | 3.62 11.53 2.13 6.81 6.10 19.47
beam EN2 | 6.81 28.98 4.36 18.54 7.75 32.98
EN8 | 7.00 21.30 4.61 14.02 7.96 24.18

The values of the curvature ductility
demand for two models do not differ
significantly, but the relationship of the
demanded and supplied curvature
ductility is essentially different.

5. CONCLUSION

Seismic codes prescribe provisions for
achieving the corresponding values of
deformation ductility. The deformation
ductility is achieved, inter alia, by
confinement of cross-section with lateral
reinforcement. In Eurocode 2, a
confined model is given, which gives
less increase key characteristics of
concrete with confinement, compared to
the confined model given in EN 1998-3.
There is a significant difference between
the key values of the confined concrete
determined according to two presented
confined models. These differences are
certainly reflected in the assessment of
the seismic response at the local level.

At the global level, there is not big
difference in the seismic response
between two models because the
seismic response is estimated for the
intensity of the earthquake at the design
level. By confining the cross-section of
the concrete, a considerable increase of
strain is obtained, especially of the
ultimate. By increasing the ultimate
strain, the deformation capacity at the
local level increases, that is, the
available ductility increases. The values
of the estimated curvature ductility for

BpegHocTM camux 3axTeBaHuX OYKTU-
JIHOCTV KpVBMHA 3a ABa MoJerna ce He
pasnukyjy 6UTHo, anu ce BUTHO pasnu-
Kyje OfHOC 3axTeBaHe W PacrofioXuBe
OYKTUITHOCTM KPUBUHE.

5. 3AKIbYYAK

CeunamMnykum KogoBMMa NpOMNMcaHe cy
oapepnbe 3a noctusawe ofrosapa-jyhmx
BpeaHOCTU OYKTUINHOCTH aedo-
pmaumja. JykTunHocT gedopmaumja ce,
nm3mehy octanor, nocTuxe yTe3areM
nonpeYHor npeceka nornpeYyHom apma-
Typom. Y EBpokoay 2 npukasaH je je-aaH
mModen yTesawa, Koju [faje Mawe
nosehawe Krby4HUX KapakTepucTuka
6eToHa ca yTesareM, y OOHOCY Ha
mMopen ytesanwa gaty EN 1998-3.
lMocToju 3HavajHa pasnuka wuamehy
KIbYYHUX BPEOHOCTM yTerHytor 6eTtoHa
ogpeheHnx npema [fgBa npukasaHa
mogena ytesawa. OBe pasnuke ce
CBaKaKo ornegajy vy oueHu cenammykor
OAroBOpa Ha NOKANHOM HUBOY.

Ha rnobanHom HMBOYy, HeMa Benvke
pasnuke 'y CEeW3MUYKOM  OAroBOpy
n3mehy ABa mofena v3 pasrora wTo je
CeM3MMYKM OAroBOp NpOLEeHeH 3a
MHTEH3UTET 3emrboTpeca Ha npoje-
KTHOM HUBOY. YTe3akem nonpeyvyHor
npeceka 6GeToHa paobuja ce 3HATHO
nosehawe gunatauuje, HapouuTo rpa-
HuyHe. [NoBeharweM rpaHuyHe gunara-
umje nosehasa ce n kanauuteT gedo-
pmauuje Ha NoKarHOM HUBOY, OAHOCHO
nosehaBa ce pacnonoxmea OyKTK-
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two confined models do not differ
significantly, but the relationship of the
demanded and available ductility is
different. The higher value of this
relationship is obtained for the EN2
confined model, in which case it could be
concluded that the structure has less
ability to resist seismic action. This
confined model, considering less
characteristic  values of confined
concrete compared to the confined
model according to EN 1998-3, is on the
safety side for dimensioning. The
confined model according to EC8 has
been adopted because it shows more
realistic characteristics of confined
concrete and better insight into the real
seismic performance.

ACKNOWLEDGEMENTS

The results presented in this paper are
the result of work of this project:
TR36043, funded by the Ministry of
Education, Science and Technological
Development of the Republic of Serbia.

REFERENCES

nHocT. BpegHocTu npouereHnx oyKTu-
NHOCTW KpPVBMHE 3a [Ba Mojerna
yTesara ce He pasnukyjy OuTHO, anu ce
pasnuKkyje  OOHOC  OCTBapeHe #
pacnonoxuee  AykTunHoctn. Beha
BpeaHOCT OBOr ogHoca ce Aobuja 3a
mopen ytesawa EH2 n'y Tom cnyyajy 6m
ce MOrfOo 3aKibyyYuTU Aa KOHCTpyKuuja
nocegyje Mawy CMNocoGHoCcT Jda ce
ogynpe ceusmudkom pAejctsy. OBaj
mMoAen yTtesawa, ¢ 063MpoM Ha Mawe
KapaKTepUCTUYHE BPEOHOCTU YTerHyTor
6eToHa y ofHOCy Ha Mofen yrtesawa
npema EN 1998-3, je Ha cTpaHu
CUTYPHOCTM  3a  [AMMEH3UOHMUCaHE.
Mogen yte3ana no EC8 je ycBojeH 360r
Tora LWTO pearHuje rokasyje Kapak-
Tepuctuke yTerHytor 6eToHa, na ca
H1Me gobujamo n 6orbM yBua y CTBapHO
CEN3MUYKO NoHaLlaHsE.

3AXBAINHULA

PesynTtatu npeactaBrbeHn y oBOM pagy
Cy npousaLunu 13 gena uctpaxveama y
okBupy npojekta TP36043 duHaH-
cupaHor of ctpaHe MuHucTapcTea npo-
cBeTe, Hayke M TEXHOMOLUKOr pasBoja
Penybnuke Cpbuije.

[1] Fardis, M. N.: Seismic design, assessment and retrofitting of concrete buildings,Geotechnical,
geological and earthquake engineering, volume 8, Springer, 2009.

[2] Penelis G. G., Penelis G. G., Concrete building in seismic regions, CRC Press, 2014.

[3] EN 1992-1-1: 2004, Prora¢un betonskih konstrukcija, deo 1-1: opSta pravila i pravila za zgrade,
Gradevinski fakultet Univerziteta u Beogradu, februar 2006.

[4] CEB-FIP Model Code 1990, Design Code, Thomas Thelford, London 1993.

[5] EN 1998-3: 2005: Proracun seizmicki otpornih konstrukcija, deo 3: Procena stanja i ojacanje
zgrada, Gradevinski fakultet Univerziteta u Beogradu, novembar 2009.

[6] EN 1998-1: 2004: Proracun seizmicki otpornih konstrukcija, deo 1: Op$ta pravila, seizmicka
dejstva i pravila za zgrade, Gradevinski fakultet Univerziteta u Beogradu, novembar 2009.

[7] Zivkovi¢ S., Kukaras D., Proki¢ A., Ladinovi¢ B.: Osetljivost armiranobetonskog rama na
vertikalne seizmicke sile, Zemljotresno inZenjerstvo i inZenjerska seizmologija, 5. medunarodno
nauéno-struéno savetovanje, Sremski Karlovci, 29-30. jun 2016., str. 363-370.

[8] Kukaras D., Chouw N.: RC frame response to the strong Northridge near-source ground
excitations, iINDiIS2003, 9th national and 3rd International scientific meeting, Novi Sad, 26-28.

November 2003. pp. 219-226.

[9] Radujkovi¢, A., Ladinovi¢ B., Staréev-Curéin A., DZolev |., Rageta A.: Estimation of ductility
demands of RC frames using time history analysis, International conference "Contemporary
achivements in civil engineering 2015, Subotica, 24. april 2015, pp. 233-238.

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 31 (2017) |


http://www.nauka.gov.rs/
http://www.nauka.gov.rs/

