ANALYSIS OF REINFORCED CONCRETE MULTISTORY FRAME
STRUCTURE USING "PUSHOVER” METHOD

NMPUMEHA “PUSHOVER" AHAJIU3E HA BULLUECIPATHE
APMWPAHOBETOHCKE PAMOBE

Dragana Tabakovi¢*

Summary: The subject of this paper is
the result of the analysis of a multi-
storey reinforced concrete frame, using
nonlinear static "pushhover" analysis.
The analysis was performed on a
structure calculated according to the
current regulations for the design of
earthquake resistant structures. The
results were obtained using two
software suites Radimpex Tower and
Abaqus. Curves of the nonlinear
response of the structure were formed
in order to compare the results obtained
by applying these two software suites.
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1. INTRODUCTION

In  seismically active areas, the
requirement that construction structures
have a linear-elastic behavior is
economically unjustified. Of course, this
does not apply to structures where the
occurrence of damage would cause
catastrophic consequences, such as
e.g. nuclear power plants, etc. On the
other hand, the aseismic design of
reinforced concrete structures allows
the occurrence of damage during
moderate and strong earthquakes, but
without the collapse of the structures.
An analysis of a linear - elastic model
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Pe3snme: [lpegmer oBor paga je
pe3yntat  aHanu3e  BuLIECnpaTHor
apMupaHobeToHCKOr pama, MPUMEHOM
HenvHeapHe  cTtatuuyke  “pushover®
aHanuse. AHanu3a je cnpoBegeHa Ha
KOHCTPYKUMjKU  MpopadyHaToj npema
BakehMM nponucrMma 3a npojeKkToBae
CEen3MMYKM  OTMOPHMX  KOHCTPyKLMja.
Pesyntatn cy pobwjeHnn nomohy aBea
nporpamcka naketa Radimpex Tower un
Abaqus. ®opmupaHe cy  Kpuse
HennHeapHOr OAroBopa KOHCTPYyKUWje
Kako 6u ce ynopeaunu pesyntatu
nobvjeHn NPUMEHOM oBa nBa
nporpama.

KrbyuyHe peum: HenvHeapHa ctatuyka
aHanusa, apMuMpaHoOBeTOHCKM  pam,
“pushover* aHanusa

1. yBO[

Y CeusMuukM akTMBHWM Mogpydjuma,
3axTeB Aa rpafeBuMHCKe KOHCTPyKuuje
nvajy NIMHeapHO-eNnacTN4HO
noHawlame, €KOHOMCKM je
HeornpaegdaHo. HapaBHO, TO He Baxu 3a
06jekTe kof Kojux 6u nojaea owwTehena
u3aseana katactpodanHe nocneauue,
Kao LUTO Cy HMp. HyKneapHe enekrpaHe
n cn. Ca gpyre cTpaHe, acen3MUYKo
npojekToBame apMMpPaHOBETOHCKMX
KOHCTpYyKUMja gonywTa nojase
owTtehewa npu nojaBu yMepeHux u
jakmx semrboTpeca anu 6e3 pyllera
KOHCTpyKuMje. AHanm3a Ha fiMHeapHo —
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with reduced seismic forces is a
simplified way of introducing nonlinear
effects into the calculation. This
analysis estimates the forces well, but
not the displacements and deformation
magnitudes [1].

During strong earthquakes,
construction structures are deformed
inelastically, and in addition, post-
elastic behavior and peak target
displacement of the structure cannot be
accurately determined by elastic
analysis, so inelastic analysis is also
justified from this aspect.

There are various methods of inelastic
static and dynamic analysis of the
structure, as well as the approximate
methods for determining the inelastic
target displacement. One of these
methods is the nonlinear static
‘pushover” analysis, which is a
recommendation of the Eurocode
EN1998-1 [2]. The paper presents a
nonlinear static “pushover” analysis of a
reinforced concrete frame in
accordance with the recommended
provisions of the mentioned regulation.
The analysis was performed on a
structure designed according to the
current regulations for the design of
seismically resistant structures.
Radimpex Tower and Abaqus software
suites were used. The calculation was
performed in increments, ie. the
appropriate lateral load resistance was
being determined for each plasticization
of the cross sectiongradually until the
system was transformed into a
mechanism.

2. THEORETICAL BASES

Due to a strong earthquake, the
structure will have significant inelastic
deformations whose dynamic
characteristics change as a function of
time, hence the calculation of the
behavior of the structure requires an
inelastic method of analysis that also
takes them into consideration. By

enacTMyHoM Mogeny ca CMaheHVM
CEeUsMMYKUM  curama  npeacTaBiba
nojedHOCTaBIbEHN HayuMH  yBoOhewa
HennHeapHux edpekata y npopayyH.
OBakBoM  aHanmu3om ce  gobpo
npoLewyjy cure anu He 1 nomepana u
aedopmMauuoHe BenuynHe [1].

MpunmMkom  cHaxHUX  3emrboTpeca
rpahesuHcke KOHCTpyKUuje ce
necopmumily HeenacTM4HO a nopeq
TOra, MOCT — eNnacTUYHO MoHallaHe U
MaKkcunmarsrHo LUUIBHO nomepawe
KOHCTPyKUMje Cce He MOry TauyHo
ogepeauTtm nomohy enacTtuyHe
aHanuse, Na je HeenacTu4yHa aHanvsa
onpaBgaHa 1 ca OBOr acrekTa.

MocToje pasHe meTode HeemnacTuiHe
CTaTun4ke 7] ANHaMU4Ke aHanumse
KOHCTPyKUMje, Kao un  npubnuwkHe
MeToae 3a ogpehrBarbe HeenacTUyHOr
UMIbHOr nomepawa. JegHa of  TuX
MeToAa je M HemnuHeapHa CcTaTuyka
“pushover” aHanuaa, Koja ce
npenopy4yje y EBpokogy EN1998-1 [2].
Y pagy je npvkasaHa HenuHeapHa
crtatuyka “pushover” aHanusa
apmunpaHobeTOHCKor pama y ckragy ca
npenopy4eHnm oppenbama n3
nomeHyTor nponuca. AHanusa je
ypafleHa Ha 00jeKkTy npojeKToBaHOM
npema BaxehuMm nponucuma  3a
NpOjeKTOBake CEU3MUYKN  OTMOPHMX
KOHCTpYKUMja. Kopuwhenu cy
nporpamcku naketn Radimpex Tower un
Abaqus. [lpopayyH je wu3BpLIeH no
WHKPEMEHTMMA  Tj.  TpaxeHo je
ogroeapajyhe 6GouyHO ontepehewe 3a
CBaKy nnactudukauujy npeceka
MoCTENEHO CBe [OK Ce CWUCTEM He
TpaHcOpMULLE Y MEXaHU3aM.

2. TEOPETCKE OCHOBE

Ycnen CHaKHOr 3emMIbOTpeca,
KOHCTpyKunja he wmatM 3HauvajHe
HeeractTuiHe pdedopmauvje uumje ce
ONHaMUYKe KapakTepucTuke Mewsajy Y
PyHKUUjU BpemeHa, C Tora npopadyH
noHallaxa 3rpage 3axTeBa
HeenacTM4yHy MeTOAy aHanmse koja u
bUX y3nma y o03up. [MpoHanaxerem
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finding the fracture mechanism and the
possibility of progressive collapse,
inelastic methods of analysis help to
consider the actual behavior of the
structure during an earthquake. These
methods imply inelastic dynamic
analysis of the time history analysisand
nonlinear static analysis known as
the“pushover” analysis. Due to its
simplicity, the “pushover analysis has
become the dominant nonlinear
analysis of seismic structures.

The “Pushover analysis is a method of
analysis in which structures are
exposed to a constant gravitational load
and a monotonically increasing
horizontal load that is being increased
until the target displacement of the
object is reached. The height
distribution of the horizontal load is
predefined. The lateral load increases
until the plasticization appears in an
element. The stiffness of the structure
is reduced taking into account the
plasticization of the element, and then
the lateral load is increased again until
the next element is plasticized. The
procedure is repeated until the target
displacement of the structure point is
achieved or until the system becomes
labile. After the analysis is completed,
the capacity curve, which represents
the ratio of the shear force at the base
of the structure and the displacement of
the control point,is drawn.

3. NUMERICAL EXAMPLE

In this paper, a computational analysis
of a multi-storey reinforced concrete
frame was performedin accordance
with EN 1992 and EN 1998regulations.
The structure meets the required
conditions of regularity in base and
according to height, thus fulfilling the
condition for performingthe calculation
according to the plane model and that
the deformability of the soil can be
neglected [ 2] and [3].

A six-storey reinforced concrete frame
of constant floor height of h=3.0 m was

MexaHu3mMa JfioMa W  eBeHTyallHe
MoryhHOCTM MporpecuBHOr  Komnanca,
HeenacTMyHe MeToAe aHanu3e Nomaxy
y pasmaTpakby CTBapHOr MnoHalakwa
KOHCTpyKUMje TokoM 3emrboTpeca. OBe
MeTode noapasyMeBajy HeenacTuudHy
OWHaMUYKy — aHanuMsy  BpPeMeHCKor
oaroBopa W HenMUHeapHy CTaTUYKy
aHanudy nosHaty kao “pushover”
aHanu3a. “Pushover aHnanusa je
ynpaBo 360r CBoje jeaHOCTaBHOCTU
nocrana AOMWHAHTHa HennHeapHa
aHanusa CensMnYKnX KOHCTpyKLumja.
“Pushover” aHanus3a je wmeToda
aHanu3e npu Kojoj Cy KOHCTpyKuuje
N3roxeHe KOHCTaHTHOM
rpaBMTaLOHOM ontepehery 7
MOHOTOHO pacTyheM XOpW3OHTanHOM
onTtepehery Koje ce noBehaBa cBe [OK
Ce He [OCTUrHe UWIBHO roMepare
objekta. Pacnogena xopusoHTanHor
ontepehewa No BUCWMHU je yHanpeq
nedurHucana. boyHo onTepehenwe ce
nosehaBa cBe [0 TpeHyTka kaja ce
nojaen nnactuukaunja y HeEKOM
enemeHTy. KpyTOoCT KOHCTpyKuuje ce
penykyje y3umajyhu y 063np
nnactugvKauujy enemeHTa, a 3atmm ce
©04HO onTepehene oneT nosehaea OOK
ce cnegehu enemeHT He NnacTudumpa.
MocTynak ce noHaBrba CBe [OK Ce He
MOCTUrHE LWUIBHO TMOMepamwe Tauke
KOHCTpyKUMje Wnu  [OK CUCTEM He
noctaHe nabwnaH. HakoH 3aBpLueHe
aHanuse uUpTa Ce KpvBa KanauuTeTa,
Koja npeacTtaBrba ogHoc cMudyhe cune
y OCHOBM 3rpage W rnomepama
KOHTPOJTHe Tauke.

3. HYMEPWYKM NPUMEP

Y pagy je wu3BpelleHa padvyHcka
aHanusa BUMLLECTNpaTHOr
apMupaHobeTOHCKOr pama y ckragy ca
nponmcuma EN 1992 m EN 1998.
O6jekar 3aq0BoIbaBa 3axTeBaHe
yCroBe perynapHocTM y OCHOBU MU
npema BWCWHW, YMME je OcCTBapeH
yCcrioB [da ce npopavyyH Moxe
CMpOBECTM MpemMa paBaHCKOM MoAerny
n aa ce gecdopmabunHOCT Trna Moxe
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analyzed, with two fields of equal span
I=6.0 m (Figure 1.) The dimensions of
the cross-sections of thebeams are
b/h=25/40 cm, and the columns
b/h=50/50 cm. The elastic analysis of
the structure was performed by the
Radimpex Tower program.

3aHemapuTy [2] n [3].

AHanmsupaH je LecTocnpaTHH
apMMPaHOBETOHCKM paM  KOHCTaHTHe
cnpatHe BucuHe h=3.0 m, ca ABa nosrea
jeaHakmx pacnoHa 1=6.0 m (Cnuka 1.)
[OumeHsnje nonpevHux npeceka rpena
cy b/h=25/40 cm, a cty6oBa b/h=50/50
cm. EnactnyHa aHanusa KOHCTpyKuuje
cnpoBedeHa je nporpamom Radimpex
Tower.
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6] 12] 78]
6 [23] 13 [29] 20
[11] [17]
5 12 19
o L[4l [70] [76]
2y [21] 11 [27] 18
™
o (9] 15 ]
3 [20] 10 [26] 17
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2 [19] 9 [25] 16
(7] 73]
1 8 15
+— | |
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1 1 1

Cnuka 1 — YcBojeHe aumeHsunje Ab pama ca o3Hakama 4YBopoBa M LuTanoBsa
Figure 1 — Adopted dimensions of RC frame with labelingof knots and rods

In the computational analysis, the
compressive strength of concrete of 30
MPa with the corresponding modulus of
elasticity and Poisson's ratio was
adopted. Loads were applied directly to
the beams, ie. it was assumed that all
of the mezzanine ceilings were rigid in
their plane. The dead load was adopted
in the amount of g=10.0 kN/m (self
weight was entered directly through the
program), the payload was p=4.0 kN/m.
The masses of the dynamic model from
the modal analysis were determined
from the total constant and probable
variable load reduced by a coefficient of
0.5 for all ceilings. Seismic influences

Y padvyHCKOj aHanu3n ycBOjeHa je
yBpcTtoha 6etoHa Ha nputucak 30 MPa

ca ogrosapajyhum MoZyIoMm
€nacTU4HOCTU " MoacoHoBMM
koedpmumjeHtom.  Ontepehewa  cy

HaHeTa OMPEKTHO Ha rpede Tj. 3a cee
meflycnpaTHe TaBaHuue
MpeTrnocTaBbEHO je Aa Cy KpyTe y
cBojoj paBHu. CranHo onTtepehewe
ycBOjeHO je y u3Hocy og g=10.0 kN/m
(concTBeHa TeXwuHa je yHeTa AUPEKTHO
Kpo3 nporpam), kopucHo onTepehewe
nsHocu p=4.0 kN/m.

Mace aMHamuukor mogena us MoganHe
aHanuse opgpeheHe cy W3 yKynHor
CTarnHor 1 BepOBAaTHOr MPOMEHMNBOT
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were determined by  multimodal onTtepehena penykoBaHor 3a

analysis with the design spectrum for koedpuunjeHt 0.5 3a cBe TaBaHuue.
horizontal direction in all according to Ceunamnykm  ytvuaju  ogpeheHn  cy
EN 1998-1: MynTUMoganHom aHanmsom ca
- Soil category B NPOjEKTHNM CMeKTpom 3a
- Category of significance lll XOPWU3OHTanHW npaeaw, y cBeMmy npema
-Type 1 of the elastic response spectrum EN 1998-1:
S=1.2, Tp=0.15, Tc=0.5, T4=2.0s - KaTteropuja Tna b
- Maximum soil acceleration ag=0.29 - KaTteropuja 3Hauaja Il
- Bottomlimit of the elastic spectrum -Tvn 1 enacTuyHOr cnekTpa ogrosopa
B=0.2 S=1.2, T,=0.15, Tc=0.5, T¢=2.0 s
- Behavior factor g=5.85 - MakcumanHo ybp3are Tna ag=0.2g
- Percentage of viscous damping - Jowa rpaHuua enactuyHOr cnekrtpa
&(CQC) 5% p=0.2

- ®akTop noHawawa q=5.85
In determining the seismic forces, the - [poueHaT BMWCKO3HOr MpuryLleHwa
first three tones of vibrations, with the &(CQC) 5%
sum of the effective modal masses of
100% of the total mass of the lMpn oppehuBary cenmamMmykmx cuna
structure,were taken into account. yseta cy y ob3up npBa Tpu TOHa
The design seismic force is F=92.9 kN. Bubpaumja 4uju 36up edeKTUBHMX
Diagrams of bending moments due to ModanHux wmaca usHocu 100% opf
constant load, payload and seismic YKynHe mace KoHcTpykuuje. lNpojekTHa
load are given in Figure 2. The cemammuyka cuna wusHocn F=92.9 kN.
dimensioning of the cross sections and Oujarpamn momeHaTa caBujamwa ycnen
the arrangement of the reinforcement in CTanHOr, KOPUCHOI U CEeM3MU4Kor
the beams and columns are shown in ontepehewa pgatm cy Ha Cnvum 2.
Figure 3. [nMeH3noHucare NonpevHnx npeceka

W pacrnopen apmaType y rpegama u
ctyboBMMa npukasaHu cy Ha Cnunum 3.

OpL - Staino’g (g) " . Opt. 2 Korsno 2 4 OpL B: [Seizmika x (Al] 3.4
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Uticaji u gredi: max M3= 34.84 / min M3= -38.20 kNm Uticaji u gredi: max M3= 11.15 / min M3=-12.22 kNm Uticaji u gredi: max M3= 79.01 / min M3=-79.01 kNm

Cnwuka 2 — iujarpamm MomeHaTa caBWjakba ycrnes aHanuavpaHor ontepehara
Figure 2 — Diagrams of bending moments due to analyzed load
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Cnuka 3 — YcBojeHa apmaTypa y rpegama u ctybosmma
Figure 3 — Adopted reinforcement in beams and in columns

In critical sections, in addition to the
required load-bearing capacity, it is
necessary to also meet the
requirements of local ductility according
to EN 1998-1. The control of this
condition was carried out for columns
and beams in the nodal zones, i.e. at
the places of expected forming of
plastic joints. Based on EN 1998-1
(clause 4.4.2.3):

Y  KpUTMYHUM  npeceuuma, nopeg
notpebHe HOCUBOCTM HEOMXOQHO je
3a40BOSBUTU W yCcroBe  JokarHe
oyktunHoctv  npema EN - 1998-1.
KoHTpona oBor ycrnosa cnposefeHa je
3a cTyboBe v rpege y 30Hama YBOpOBa,
OQHOCHO Ha MecTMMa O4eKMBaHor
dopmupara nractTmyHux 3rnobosa. Ha
ocHoBy EN 1998-1 (tauka 4.4.2.3),
noctaerba ce yCros:

S Mre21.33 Mo ()

a condition that must be met at all
nodes, in order to prevent the formation
of a plastic mechanism in the form of a
flexible floor [1] and [2]is made. In the
stated condition, the ratio of the sums
of the computational values of the load-
bearing capacity of the section is given,
namely > Mgcfor all columns connected
in the observed node and ) Mgyfor all
beams connected in the observed
node.

The load-bearing moment of the cross
section of the beams was determined
using the iterative method with the
assumption that the axial forces in the
beams were zero, because the
assumption was made that the ceilings
were rigid in their plane and have the
concrete slab diaphragm effect. The
fracture moment was calculated for
tension in the upper zone and tension
in the lower zone of the beam.

The fracture moment of the columns
was determined by taking the relevant

KOj je HEeONxoOHO WCMYHWUTWU KOf CBMX
yBOpOBa, kako ©OwM ce cnpe4dnno
dopmypare nNnacTM4Hor MexaHmsama y
BMay cnekcnbunHor cnparta [1] u [2]. Y
HaBedeHOM ycroBy, AarT je 0gHOC cyma
payyHCKMX  BpegHOCTM  MoMeHaTa
HOCMBOCTM npeceka, 1 10 Y Mg: 3a cBe
cTyboBe BesaHe y nocMaTpaHoM YBOPY
m >Mg, 3a cCBe rpege Be3aHe Yy
rnocMaTpaHoM 4BOpY.

MoMeHT HOCMBOCTM NOMpPeYHOr Npeceka
koA rpeda ogpeheH je uTepaTMBHOM
METOAOM y3 MpeTrnocTaBky pAa cy
akcvjanHe cwune y rpegaMa jegHake
Hynu, jep je yBedeHa npeTtnocTaska ga
Cy TaBaHuLe KpyTe Yy CBOjOj paBHU U
umajy edekat avjadpparme 6eTOHCKUX
nnoda. MomeHT rfoma  npeceka
npopavyHaT je 3a cry4vaj 3aTesawa Yy
rOpH0j 30HM M 1 3a Cryyaj 3aTesamwa y
[OOH0j 30HM rpege.

MomeHT noma kop ctyboBa oapefjeH je
Tako LWTO je MepodaBHa akcujanHa
cuna yseTta u3 nuHeapHe aHanuse CBuX
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axial force from the linear analysis of all
load combinations. The sums of load-
bearing capacities for columns and
beams in the selected frame nodes, for
the relevant load combination, are
shown in Table 1 [4].

The conditions of required load-bearing
capacity and local ductility, based on
EN 1998, were met and regarding that
it can be concluded that the cross
sections of all parts of the reinforced
concrete frame are well dimensioned.

Tabena 1-OgHoc MomeHaTa HocmBoCTM cTyboBa 1 rpega y ogabpaHym 4BopoBMMa pama
Table 1 - Ratio of load-bearing capacitiesof the columns and beams in selected nodes of

KoMGuHauuja onTepehemsa.

Cyme MoMeHaTa HOCUBOCTM 3a cTyboBe
n rpege y wusabpaHum 4BOpPOBUMA
pama, 3a MepodaBHy KoMOuHauujy
ontepehena, npukasaHu cy y Tabenu
1. [4].

YcnoBn  notpeGHe  HOCMBOCTM W
nokanHe AyKTUIHOCTM, Ha ocHoBy EN
1998, cy 3agoBOfbLEHM M HA OCHOBY
TOora ce MOXe KOHCTatoBaTu ga cy

norpevyHn npeceuuM CBUX [enosa
apMmupaHobGeToHcKkor  pama,  Aob6po
ANMEH3NOHNCAaHN.

the frame
% Stub Greda
Cvor - - SMgrd/ EMgp
Stap Mg. | Stap Mgy
1 200.3 -116.0
€ 2 196.1 19 62.6 222
2 196.1 -116.0
3 3 192.6 20 62.6 2.8
3 192.6 -116.0
4 4 188.9 &1 62.6 214
4 188.9 -116.0
. 5 184.6 = 62.6 209
5 184.6 -116.0
@ 6 179.5 = 62.6 20
7 6 179.5 24 -116.0 155
- - 62.6

4. NONLINEAR ANALYSIS

4.1. Nonlinear analysis of the frame
using the Radimpex Tower software
suite

“Pushover analysis was carried out for
the reinforced concrete frame by
calculating with the gravity and imposed
loads, while the seismic load was
applied in increments using triangular
distribution (Figure 4).

4. HEJIMHEAPHA AHAINU3A

4.1. “Pushover” aHanusa
nporpaMmckum naketom Radimpex
Tower

MpopayyH apmupaHobeToHCKor pama
3a “pushover aHanu3y M3BpLUEH je 3a
rpasmTaumnoHo ontepehere o ctanHor
n KopucHor ontepehewa, [ok je
censmmnyko onTtepehete HaHoLWEHO
KOpak Nno Kopak — y WHKPEMeHTUMa, Y
BMAY TpoyraoHe pacnogene (Cnvka 4).
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Cnvika 4 — OnTtepeherse 1 KOHTpOnHa Tadvka y pushover aHannsmn
Figure 4 — Load and the control point in the “pushover” analysis

Determination of the response of the
structure in nonlinear static analysis
was performed in 8 steps and for each
of them a linear - elastic analysis was
performed and all parameters of the
model behavior (deformation, horizontal
reactions, internal forces) were notedso
that after reaching the load limit the
capacity curve or pushover curve could
be determined. Node 7 was adopted as
the control point. During the analysis
process, 29 plastic joints were formed
until the observed frame formed a
mechanism.

The results of the nonlinear static
analysis are given in the form of the
dependence of the shear force at the
base and the displacement of the
control point in Figure 7.

4.2. Nonlinear analysis of the frame
using the Abaqus software suite

In the Abaqus software suite, which is
based on the finite element method, a
frame was modeled based on the frame
analyzed by the Radimpex software
suite. Columns and beams are modeled
as solid elements, of the previously
mentioned dimensions and reinforced
in accordance with the
recommendations and rules [2] and [3].
All parts of the reinforced concrete
frame are rigidly interconnected and the
connection to the ground is fixed

OppehuBarbe ogrosopa KOHCTpyKuuje
npyv HenuHeapHoj CTaTUYKOj aHanmaun
U3BPLUEHO je Yy YKYNHO 8 Kopaka u 3a
CBaKu Of1 HMX j& U3BpPLUEHA NIMHeapHa —
enactmyHa aHanu3a u GenexeHn cy
CBM MapameTpu MoHalawa Mogena
(oedopmaumije, XOPU30HTasnHe
peakuuje, yHyTpallkbe cune), ga éu ce
HaKOH J0CTU3aka rpaHNYHe BPe4HOCTH
ontepeherwa morna ogpeguTu 1 Kpvsa
KanaumTeta wmnm pushover kpuea. 3a
KOHTPONHY TayKy YCBOjeH je 4Bop 7.
Tokom npoueca aHanuse ¢opmMupaHo
je 29 nmactmyHmx 3rnoboBa  OOK
rnocmMatpaHu paMm Huje npewao y
MexaHu3am.

Pesyntatn  HenuHeapHe  cTaTuyke
aHanu3e gatum cy y BuOy 3aBWCHOCTU
curne cMuuara y OCHOBU U MoMepana
KOHTpTONHE Tavke Ha Cnvum 7.

4.2. HennHeapHa aHanu3a pama
nomohy nporpamckor naketa
Abaqus

Y nporpamckom nakety Abaqus, koju je
3aCHOBaH Ha  MeToAM  KOHaYHUX
erlemeHarta, MofenupaH je pam no
y3opy Ha OHaj aHanuavpaH
nporpamckum  naketom  Radimpex.
Cty6oBu 1 rpege MOAENMpPaHn cy kao
MyHW eneMeHTU, MPETXOAHO MOMEHYTNX
OVMEeH3Wja 1 apMupaHun y cknagy ca
npenopykama u npasunuma [2] un [3].
CBV JefoBv apMypaHOBeTOHCKOr pama
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(Figure 5).

Since both beams and columns were
modeled as solid elements, the C3D8R
element was used in the program. This
element is cube-shaped with reduced
integration. Element B31, a linear beam
with two nodes, was used for
reinforcement  [5].  All  structural
elements were modeled as if they were
made of elasto-plastic and isotropic
materials.

For concrete parts of the structure, the
elastic characteristics of the material
were introduced through the Young's
modulus of elasticity of 33000 MPa and
the Poisson's ratio v=0.20.

A

7

CYy KpyTo mMefycobHo Be3aHu a Besa ca
Trom je ykrbewterwe (Cnuka 5).

Mowto cy wn rpege wu crybosu
MoZenMpaHu Kao MyHU eneMeHTH, Yy
nporpamy je kopuwheH C3D8R
enemeHT. OBaj enemeHT je obnuka
KOLKe ca CMaheHOM MHTerpaumjom. 3a
apmatypy je yser enemeHT B31,
nuHeapHa rpega ca asa 4sopa [5]. Ceu
KOHCTPYKTVBHMW €NeMeHT! MogenupaHu
Cy Kao fa cy o enacTo-nnacTuyHuX u
N30TPONHMX MaTepujana.

3a OeToHCKe [enoBe KOHCTpyKuuje
yBe[eHe Cy enacTuyHe KapaKTepucTuke
maTepujana kpo3 JaHroB  mogyn
enactmyHocty op 33000 MPa wu
MoacoHoB koedmumjeHT v=0.20.

Cnuka 5 — Mpexa KoHayHUX eneMeHaTta pama
Figure 5 — The Mesh of the finite elementsof the frame

For steel, the Yang modulus of
elasticity of 210 GPa and the Poisson's
ratio v=0.30 were adopted, while for the

3a venuk je ycBojeH JaHroB mogyn
enactnyHoctn of 210 GPa n MoacoHoB
koedpuumnjeHt v=0.30, pok je 3a
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plastic characteristics of steel the
elastic limit in the range from 360 to
470 MPa was set.

The frame was loaded with an
authoritative combination of loads in the
form of vertical, dead and variable load,
loads and horizontal forces that
increase linearly towards the top of the
frame, as calculated for the “pushover”
method. The aim was to determine the
dependence between the total shear
force and the horizontal displacement.
The horizontal displacement of the
frame is shown in Figure 6. The
dependence of the horizontal
displacements of the top of the frame
and the total shear force obtained by
applying both software suits are shown
in Figure 7.

U, Magnitude
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+ 4+
;o
oo
ee=tve
=t
oo
o000
ININT

+1.981e-02
+9.9072-03
+0.000e+00

nnactTu4yHe KapaKTepucTtuke 4Yenuka

3agata rpaHuua  enacTUYHoCTU Y
pacnoHy oa 360 go 470 MPa.
Pam je ontepeheH MepogaBHOM

KoMOuHauujom ontepehewa y BUAY
BEpPTUKarHOr, CTariHor MU NpOMEHMBOT,
ontepehewa W XOPU3OHTaNHMX cuna
Koje ce nuHeapHo nosehesajy ka BpXy
pama, y cBeMy Kako je npopavyHaTo 3a
“pushover® wmetogy. Uwumb je 6uo
OoOpeanTN 3aBUCHOCT M3MeERyY YKynHe
cmmuyhe cune M XOpPU3OHTarHoOr
nomepara. XOpPU3OHTarNHO nomepare
pama npukasaHo je Ha Cnvum 6.
3aBNCHOCT XOPW3OHTanNHWX MomMepana
BpXa pama W ykynHe cmuuyhe cune
pobvjeHe npumeHom oba nporpamcka
naketa npukasaHe cy Ha Cnvum 7.

Cnuka 6 — Xopu3oHTanHa nomepara
Figure 6 — Horizontal displacements
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Cnvka 7 — YnopegHu npukas pesynrtaTa “pushover” aHanuse
Figure 7 — Comparison of results of the“pushover” analysis

5. CONCLUSION

The obtained results show that
nonlinear deformations are frequent at
the ends of the beams, which confirms
that the supporting elements of the
frame are conceptually well
constructed, as recommended by EN
1998.

The nonlinear response of the structure
behavior using the step-by-step method
requires significant time, because in
each load increment it is necessary to
determine the increasein force to the
value which with the forces from all
previous increments causes the
moment of complete plasticization of
beams or columns. But although this
analysis is approximate in nature, the
obtained solutions help to understand
the actual behavior of the structure
during an earthquake, by finding the
fracture mechanism.

Working with ready-made programs
that can do nonlinear static analysis,

5. 3AKIbYYAK

M3 pobujeHnx pesynTtata BWMAMLMBO je
fa cy HenuHeapHe pgedopmauuje
yyectane Ha KpajeBuma rpega LUTO
notephyje ga cy Hocehn enemeHTu
pama KOHUenTyarHo nobpo
KOHCTPYWCaHW, Kako TO W npenopy4yje
EN 1998.

HenvHeapHn  ogroBop  MoHalawa
KOHCTpyKUMje  MpUMEHOM meToae
“kopak no Kkopak“ 3axTeBa 3Ha4ajHo
Bpeme, 300r Tora LWITO je y CBakoMm
WHKpeMeHTy onTtepeherwa noTpebHo
oapeavTy MpupacT curne Ao BPegHOCTU
Koja ca cunama M3 CBUX NPETXOOHMX
MHKpemeHaTa nsasmea MOMEHT
noTnyHe nnactudwukauuje rpega wmm
ctyboBa. Anu nako je oBa aHanusa no

npupoau, npuonmKHa, nobujeHa
pelera noMaxy Yy pasymeBaky
CTBApHOr  MoHalWawa  KOHCTpyKuuje

TOKOM 3eMIbOTpeca, MpOHaNaXeHem
MexaHu3ma romMa.
Papn ca rotoBuM nporpamuma Kojui Mory
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although it sometimes causes a certain fa page  HenvHeapHy — CTaTUuKy

amount of distrust, is much simpler, aHanu3y, Mako noHekag Wu3asuBea
faster and gives relatively approximate oapeheHy oo3y HenoBepersa, 3HATHO je
results. jeaHocTaBHUjW, BPXK 1 OAaje penaTuBHO

npubnwkHe pesynTaTe.
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