AHAJIN3 HA NJ104YX NO METOAA HA EJNIACTUHHATA CXEMA YHYPE3
KOPEKTYPHU KOE®PULIMEHTU NOJTYHEHU MO METOAA HA
KPAWHWUTE EJIEMEHTU

AHuta XaHapyneBa, AHa AHakueBa, KoHcTaHTH Ka3akoB

Pe3ome: Cratmata npeacraBd MeToAMKa, OCHOBaAHAa Ha KOPEKTYPHMU
KoedUUNEHTU, C KOSITO Ce YTOUYHSBAT U3pasuTe 3a nosiydyaBaHe Ha OrbBaluuTe
MOMEHTW B MNpPaBObIMb/IHM /104U, U3UYUCAABAHM MO enacTUYHa cCxema.
MbpBOHA4YanHO € HanpaBeHa CbMoCTaBka Ha 0606wWeHnTe KoedUUMEHTH
HamepeHn B nuTepaTypaTta. KopekTypHu KoedpUUMEHTU ca MNoay4vYeHu uypes
MeTtona Ha kpanHutTe enemeHTn (MKE) m ce oOTHacaT 3a MoAeNn Ha TbHKWU
enactTmyHa nnoydn. [donbAHUTENHO Ca CpPaBHEHWM W 3HAYeHUsTa UM Npu
OT4YMTAHe Ha brnosarta AedopMaTUBHOCT Ha HANPEeYHOTO ceyvyeHune, T.e. MoAen
Ha yMepeHo aebena nnoda. M3cneaBaHeTO e HanNpaBeHO 3a KBagpaTHa
reoMeTpmsi Ha nJjioyata, HO MeToAMKaTa MoOXe na ce NpuioXxum un 3a

npaBobrb/Ha dopmMma.

AVNHAMMNYHO U3CJNIEABAHE HA KYNOJIHN NPBTOBU KOHCTPYKLIUU
YPE3 TPN METOOAA HA KOMBUHWUPAHE NO KOOPANHATHM
HAMPABJIEHUS! HA EQEKTUTE OT CEU3MUYHOTO Bb3AENCTBME

AHuTta XaHpapyneBa, KoHctaHTuH KasakoB, baHko baHkoB

Pe3roMe: B Ta3u CcTaTtma ca CbNOCTaBEHN TEOPETUYHO U NOCPeACTBOM YUC/IEH
eKCNepMMeHT pasfIM4HM MeToaM Ha KOMOMHMpaHe no KOOpAMHATHU
HanpasfeHnss Ha edekTuTe OT CEU3MUYHO Bb3AencTBue. Tesm MeToaum ca
Bb3MOXHOCTUTE, KOUTO HU npenocTaBaT EanHHuTE €BpOonenckKku
KOHCTPYKTUBHW HOPMMK, B 4acTHOCT Eurocode 8. OTHayano e HanpaBeHO eaHo
TEOPEeTMYHO CpaBHeHUe, a cnen ToBa € NpoBefeH YNCNEH eKCrepuMeHT BbpXy

MoAdeNn Ha NpbTOB Kynosa C pa3/indyHn ANaMeTpuU Ha OCHOBHUA NPBbCTEH MO



ABeTe KOOpAWMHAaTHW HarnpasseHus. OCHOBHO Ca CbMNOCTaAaBEHW pe3ynTaTu 3a
NPbTOBU YCUIMA, MOJSyYEeHU MNOCPeACTBOM MeToAda, OCHOBaH Ha MpaBWIOoTO
SRSS (kKopeH kKBaagpaTeH OT CyMaTa Ha KBagpatute Ha edektute no
KOOPAWHATHW HanpasBieHns) n ypes3 MeTona, U3rnona3saly npasnnoTo Ha 30-Te
npoueHTa. Hakpass e notbpceH BapumaHT Ha Metoga CQC, upe3 KoUTo ce
nony4yasaT HaW-KOHCEpBaTMBHW pe3ynTaTh, pe3yntatM B MOCOKa Ha
CUFYPHOCTT@ NpU MNpPOEKTUpPaHe Ha Ccrpaau WM CbOPbXEHUA B CEUIMUYHU

panoHu.

ANALYSIS OF RECTANGULAR PLATES BY THE ELASTIC SCHEME
METHOD USING FEM CORRECTTION COEFICIENTS

Anita Handruleva, Ana Yanakieva and Konstantin Kazakov

Abstract: This study presents an approach, based on correction coefficients,
by which bending moments in rectangular plates, obtained by the elastic
scheme method, can more accuracy calculated. At first, the well-known
generalized coefficients, used in the elastic scheme method, taken from
different literature sources are juxtaposed. The correction coefficients are
obtained by the FEM according to the thin elastic plate theory. On the next
stage, by taking into the shear deformability of the plate cross section the
values of these coefficients are given in more précised form. The research is
made for quadratic plate, but the approach can be used as well to general

rectangular shape of the plate.



CbIMOCTABKA HA USBYUNCJITUTENHUN MOAENIN HA BEPTUKAJTHU
HOCELLUU EJIEMEHTU C OTBOPU TEHEPUPAHU NOCPEACTBOM MKE

AHuta XaHapyneBa, KoHcTtaHTUMH Ka3zakoB, AHa flHakueBa

Pe3ome: Cratmsta e nocBeTeHa Ha wu3cnenBaHe W CbMNoCTaBka Ha
AedopMMpaHO M HaMNperHato CbCTOSIHME Ha BepTUMKasieH HOCel, eneMeHT
(npoTnBo3eMeTpbCcHa wWwanba) ¢ oTtBopu. CpaBHeHM ca pgBa Tuna
N34YNCIUTENTHN MOLENN, OCHOBaHW CbOTBETHO Ha AUCKpeTM3aumsa C rpenosu
(beam) n paBHUHHU (plane) KpanHn enemMeHTN. KaTo OCHOBHUM nMoka3aTenu 3a
CbMNoCTaBKkaTa Ca WU3MNoA3BaHW NMpeMecTBaHMsa U pa3pesHn ycunus. Hakpas ca
dopMynupaHm HAKOM U3BOAM W NpPenopbku, KOUTO MoraT pga b6baart
M3MON3BaHM B MpaKTMKaTa NMpu KOHCTPYKTUBHWUSA aHanM3 Ha CrioMeHaTus Twun

KOHCTPYKTUBEH E€/IEMEHT.

STRESS DISTRIBUTION AROUND CENTRALLY LOCATED HOLES IN
PLATES OBTAINED BY FEM

Ana Yanakieva, Anita Handruleva, Konstantin Kazakov

Abstract: This paper presents the results concerning the stress distribution
around centrally located holes, calculated by FEM models. The domain of the
models is discretized by 2D plane finite elements using ANSYS Structural
code. A practically applicable graph of the stress concentration factor (SCF)
as a function of the ratio hole diameter to the plate width is finally obtained.
The well-known theoretical solution, related to infinite plate is compared with

the numerical one.



COMPARISON OF PLAIN PROBLEMS MODELLED BY DIFFERENT FE
FORMULATIONS

Konstantin Kazakov, Ana Yanakieva, Anita Handruleva

Abstract: In the paper five plane stress finite element models are compared
and discussed. In two of the models plane finite elements with two degrees
of freedom for each node are use. In the others shell finite elements with
additional reduction of the full number of the six degrees of freedom are
used. The results, concerning the plane stress components, are juxtaposed
and discussed in brief. The main accent of the comparison is detached on the
so-called extra displacement shape functions and the Allman shape functions

and corresponding to these functions degrees of freedom.

ON THE INFLUENCE OF THE STRUCTURAL GRID CONFIGURATION
OVER THE STRESSES IN THE BASE RING OF SPHERICAL DOMES

Anita Handruleva, Konstantin Kazakov

Abstract: The paper demonstrates the influence of the structural grid
configuration over the stresses, arising in the base circumferential ring beam
of sphere domes. The structural effectiveness depends considerably on the
type of the grid. Such effectiveness can be discussed from structural,
technological and aesthetical point of view. The accent of the present
research is focused on the structural aspects of the problem.

Three types of FEM computational models of spherical domes are generated
in the SAP FEM code and the results of the base circumferential ring forces
are compared. Two of the investigated models are models of ribbed (costal)
domes and the third model is a model of a brace lattice (lamella) dome. The
basic principle of the comparison is the minimum of the stresses in the base

(circumferential) ring beam.



BJINAHUE HA ANCKPETU3SALMNOHHATA MPEXXA BbPXY TOYHHOCTTA
HA OIr'bBEH YETUPUDBI'bJIEH KPAEH EJIEMEHT

KoHcTaHTMH Ka3akoB, AHuTa XaHapyneBa, Bnapumup MaTtyckm

PesromMe: B Ta3u ctatus e m3cneaBaHO BAUSHUETO Ha AMCKpeTU3auMOoHHaTa
MpeXa BbpXy TOYHOCTT@a Ha OrbBeH 4YeTupubIbaeH KpaeH enemeHT. KaTo
06eKkTM Ha wunacnepgBaHe ca pasrnejaHn aBageceT M ABa Mogesla Ha TbHKU
NJ04YM, 3a reHepumpaHeTo Ha KOUTO ca u3nonssaHwu shell kpaHKM enemeHTwU.
N3uncnutenHuTe Moaenun ce pasnunmyaBaT No Buaa Ha AMCKpeTM3auMOHHaTa
MpeXxa M No BuAa Ha FPaHUYHUTE YCNOBUS MO KOHTypa. HaTtoBapBaHeTo e
paBHOMEPHO pasnpeaeneHo C WHTeH3uBHocT =10 kN/m2. KaTo OCHOBHM
napaMeTpyu 3a CbMNoOCTaBKa Ha WU3YUCAUTENHUTE MOoAeNn ca wu3bpaHu
AedopMmaunnte B XapakKTepHM TO4YKW. Pesyntatute ca npeacraBeHW B

rpadunyeH n TabnuyeH eua.

NM3CNEABAHE HA HANMPETrHATOTO U AE®OPMUPAHO CbCTOAHMUE
HA ANCKPETHU COEPNYHU KYNOJIN, NOAJTIOXXEHU HA
HECUMETPUYHO BEPTUKAJIHO HATOBAPBAHE (PAAUAJIHO
noaABUXXHU ONMOPKN)

AHnuTta XaHapyneBa, Bnagaumup Matycku, KoHctaHTuH Ka3akoB

Pe3ioMe: B Ta3u cratma e wu3CNeABaHO HAMperHatoto U aedopMmUpaHo
CbCTOSIHWE Ha AUCKPETHU chepuyHU Kynonu, NMOANIOXKEHN HA HECUMETPUYHO
BEPTMKA/IHO HaToBapBaHe. KaTo o06eKkTM Ha u3cnenBaHe ca pasrfiefaHu
NBafleCeT M UYEeTMpU MojJena Ha AUCKPETHU KYMnosu, 3a FeHEepUpaHeTo Ha
KOWUTO Ca M3non3BaHW frame KpaliHu eneMeHTU. U3uncnutenHute moaenu ce
pasfnnyaBaT No BMAA Ha CTPYKTypHaTa peweTka. HanpaBeHa e M cbhocTaBka
C rfaAKM HenpekbCHaTU KyMnonu, KaTo 3a uenta ca W3rpajeHn Tpu

AonbaHUTENnHN Mmoaena. CnoMeHaTuTe Kyrnosn ca reHepupann c shell kpanHu



€/IEMEHTM C pa3/InyHa pPasMEPHOCT HA [AUCKPETM3aLUMOHHAaTa Mpexa.
CbbntoaaBaHoO e yCcnoBMETO 3@ eAHAKBOCT Ha NMPEMECTBAHETO Ha MPU/IOXHATa
TOYykKa Ha cunaTta, CbMOCTAaBEHO C AUCKPETHUTE Moaenn. BepTukanHoTo
HaTOBapBaHe € KOHLEHTpUpaHa cuna, KossTo Ce npwuiara B pas/iMyHN Bb3NU
no paananHute depmn. KaTto OCHOBEH MapaMeTbp 3a CbMOCTaBKa Ha
N3UYNCTUTENHUTE MOAENN Ca M36paHM OMOpHUTE peakuumu. Pesyntatute ca

npeactaBeHn B rpaduyeH n tabnumyeH sua.

N3CNEABAHE HA HANMPETrHATOTO U AE®OPMUPAHO CbCTOAHMUE
HA ANCKPETHU COEPNYHMU KYNOJIN, NOAJTOXKEHUN HA
HECUMETPUYHO BEPTUKAJIHO HATOBAPBAHE (HENOABWXXHU
OnoPN)

AHuta XaHapyneBa, Bnagumup Matycku, KonctaHtnH KaszakoB, baHko

baHkoOB

Pe3loMe: B Tasu crtatma € W3CNeABaHO HamnperHatoto W aedopMuMpaHo
CbCTOSIHME Ha AUCKPETHU ChepuyHM Kymnonu, NMOASIOXKEHU HA HECUMMETPUYHO
BEPTUKANHO HaToBapBaHe. KaTo 06eKkTM Ha u3cneaBaHe ca pasr/jiefaHu
ABajeceT U Tpu MoAena Ha AUCKPETHU KyMonu, 3a reHepupaHeTo Ha KOUTO ca
n3nonseaHu frame KpaliHWU enemMeHTUn. W3YUCIUTENHUTE MoAeNnun ce
pasnuuyaBaT Mo BMAA Ha CTPYKTypHaTa pelweTka. BepTukanHoTo HaTtoBapBaHe
e KOHLEHTpUpaHa cuna, KosaTo ce npunara B pas/IMyHM Bb3/IX NO paaunanHute
bepMn. KaTo 0CHOBEH NMapaMeTbp 3a@ CbMOCTaBKa Ha U3UYUCIUTENHUTE MOAENN
ca n3bpaHu BepTUKANHUTE OMNOPHUTE peakuun. Pe3yntatute ca NpeacTaBeHU

B rpadpmnyeH n tTabnuyeH sua.



BYPXY KOHUEHTPALUA HA HANMPEXEHNA B XOMOTINEHHM NJ104YUN C
OTBOPM

AHuta XaHnapynesa, Bnaaumup Martycku, KoncraHtnH Kaszakos, baHko

baHkoB

Pe3ome: B Tasm cratma e wu3cneaBaHO HanperHatoto u aedopMmpaHo
CbCTOSIHME HA XOMOreHHW njao4u ¢ oTBopu. Kato obekTn Ha u3cnenBaHe ca
pasrnegaHn TpuaeceT Mogesla Ha Moyn, 3a reHepmpaHeTo Ha KOUTO ca
nanon3eaHun shell kpanHun enemeHTW. WN3cnegBaHeETo € nNapaMeTpuyHO C
N3MEHEeHMe Ha eauHuns pasMep Ha niodaTta (WuMpoymHa - b), @ MMEHHO TOo3Mu
No KOOpAMHATHO HanpasneHune X. N3uncnutenHute Moaenu ce pasnmnmyaBaT U
Nno BuMAa Ha AUCKpPETU3aUMOHHATa Mpexa B obnactta okono orteopa. Karto
OCHOBEH MapaMeTbp 3@ CbMOCTaBKa Ha WU3YUCIUTENHUTE Moaenn e usbpaH
KoedUUMEHTDBT, OTUMTALL, KOHUEHTpauusTa Ha HanpexeHuda. PesynTtatuTe ca

npeacTaBeHn B rpadunyeH u TabnmnyeH Bua.

FEM COMPUTATIONAL MODELS OF SHEAR WALLS WITH HOLES
ANITA HANDRULEVA, KONSTANTIN KAZAKOV AND ANA YANAKIEVA

Abstract: In the design of buildings to seismic effects of taking seismic
forces on coordinate directions are widely used vertical bearing elements
(walls) [1, 2, 3]. This necessitates knowledge of their actual mechanical
behaviour order - modelling them adequately.

This study is devoted to comparison of shear wall computational models and
juxtaposition of the displacement and stress fields. Two types of numerical
models are compared. The first type concerns discretization of the geometry
with beam finite elements, and the second type - with plane finite elements.
The displacements and the internal forces are used as the key indicators for

the comparison of the mechanical behaviour. Some conclusions and



recommendations, according to the application of the juxtaposed type
computational models, to be used in the practice, are given. computational

models, to be used in the practice, are given as well.

METOAUKA 3A OTYHUTAHE HA BI'MTIOBATA AE®OPMATUBHOCT U
AENNAHAUUNATA HA HANPEYHOTO CEYEHUE HA TPEAOBMU
ENEMEHTU BbPXY MAKCUMAJIHOTO UM HANPEYHO NMPEMECTBAHE

Bnaanmup MaTtycku, Auuta XaHapyneBa, KoHcTtaHTMH Ka3akoB

PesoMme: B Tasm cratna e u3cneaBaHo AedOPMUPAHOTO CbCTOSSHME Ha
rpenoBM efieMeHT, Npu KOMTO Ce B3MMa Noj BHMMaHWE KaKTO HanpeyHaTa
AedopMaTMBHOCT, Taka M JennaHaumsta Ha cedeHueTto. Lenta e pa ce
NpeasioXXn necHa 3a NpuioXeHne MeToamKa 3a OTYMTaHe Ha Te3n BUSHUSA
BbpXY MaKCMManHOTO HamnMpeyHo npeMecTtBaHe. Ta3nM uUen € nocTUrHaTta
nocpeacTBOM CbMoOCTaBKka UM aHanM3 Ha pe3yntatm OT  Moaenu, 3a
reHepupaHeTo Ha KOMUTO ca m3nonsyBaHu rpeaoBu (Frame), paBHuUHHM (Shell)
n obeMHun (Solid) kpariHu enemMeHTU. B aonbAHEHUE pe3ynTaTuTe, NOJSTyYEHN
OT U3YUCAUTENHUTE MOAENN CE CPpaBHSABAT C Te3U, U3UYMUCNIEHN C MOMOLLTA Ha
M3BECTHW OT nuTepatypata no CbnpoTuMBAeHMEe Ha  MaTepuanute
3aBUCMMOCTU. [MOTbpPCEHN Ca KOpPEeKTYypUu, oTpassaBallm Te3u BAUSHUSA, KaTo ca

npeanoXeHn nNpoMeH B CblLLECTBYBALLATa METOAMKA.



AHANIN3 HA EAHOC/TIOMHU AUCKPETHU COEPUYHM KYMNOU,
NOAJTIOXXEHU HA CEN3MUYHO Bb3AENCTBUE. YNPABJIEHME HA
ANHAMUNYHOTO PEArMPAHE

AHuta XaHnapynesa, Bnagammup Marycku, KoHctaHTuH Ka3akoB, bBaHkO

baHkoB

B Tasn cratma e wu3cnegBaHO AMHAMUYHOTO pearmpaHe Ha eaHOC/IONHU
ANCKpeTHN chepunyHu Kynosn. KaTto obekTn Ha macnenBaHe ca pasriefaHu
U3UNCNIUTENTHU MOAeNn, passindaBallM Cce MO BUAA HaA rpPpaHUYHUTE OMOPHMU
ycnoeusi, Mopdosiormsta Ha CTPYKTypHaTa pewetka W BUCOYMHATA.
OVNHaMNYHMAT aHanu3 e npoBefeH Ha ABa eTarna: MoJalleH WM ChnekTpaseH
aHanusun. T[pn ™MoganHua aHanu3s e cbbnwgaBaH KoePUUMEHTBHT Ha
edekTMBHa MoJanHa Maca W BuAa Ha cobcTtBeHUTe (HOPMWU Ha TpenTeHe.
HanpaBeHO e cpaBHeHuWe Mexay pasMyHM MeToauM 3a KOMBbuHMpaHe Ha
mMoganHute npuHocn (CQC m SRSS) m Mexay Mmetoam 3a KOMBWHMpaHe Mo
HanpasneHue Ha Bb3gencrtemeTo (SRSS n npasunoto Ha 30-Te npoueHTa).
LlenTa Ha npoBedeHOTO w3cC/nenBaHe e fJa ce yrnpasnsgBa AWMHAMUYHOTO

pearmpaHe Ha egHOC/IOMHN CHEePUYHM KYMOMN.

3ArYBA HA YCTOMYNBOCT U MEXAHU3MU HA PA3PYLUEHUE HA
EQHOC/IOMHUN ANCKPETHU COEPUYHU KYNOJIN. YNIPABNIEHUE HA
NOBEAEHUWETO YPE3 HAMUWPAHE HA HOBU PABHOBECHMN ®OPMMU

AHuTta XaHapynesBa, baHko baHkoB, KoHcTaHTUMH Ka3akoB, Bnaanmup

MaTycku

PesromMme: V3cneaBaHeToO Ha YCTOMUYMBOTO NnoBeAgeHWe Ha NpbTOBUTE Kynoaun e
HeM3MeHHa 4acT OT TAXHOTO MNpOeKTUpaHe, U34YucissBaHe U opasMepsiBaHe.
OcHoBHUTE (aKTopK, BAUSEWN BbPXY CTabuUNMTETHOTO nNoOBeAeHMe ca:

MOpdosiorMs Ha CTpPYKTypHaTa peleTka, reoMeTpuyHu W MaTepuasHu



XapaKTEPUCTUKM Ha KOHCTPYKTUBHUTE €NIeMEHTU WU BUA Ha Bb3/IOBUTE
cbeaAnHeHus. Ha Ta3nm 6a3a e u3bpaH M 06eKT 3a uscneaBaHe. YncneHoTo
pelleHne € MnpoBeAeHO C nporpamMeH npoaykT, 6asvpaH Ha MeTtoda Ha
KpamHUTe €efleMeHTU. 3a onpefenssHe Ha KpUTUYHATa CTOMHOCT Ha
napamMeTbpa Ha HaToBapBaHE € W3MON3yBaHO CTbMKOBO HapacTBaHE Ha
ToBapa C MNOCAeAOBaTENHU MPUBNMXKEHUS, OO0 HaMUPAHE Ha TpPaHUYHO
pPaBHOBECHO CbCTOSIHME Ha CcucTeMaTta. M3cneaBaHeTo € nMpoBeAEeHO B

YCNOoBUATA Ha reoMeTpm4yHa HEJIMHENHOCT, OTYeTeHa c P-A E(fbeKTa.

ON THE DYNAMIC RESPONSE OF DISCRETE SINGLE-LAYER
SPHERICAL DOMES

A. Handruleva, V. Matuski, K. Kazakov

Abstract: Dynamic parameters as natural frequencies and modes of
vibration are important indicators for the dynamic response of structures due
to seismic excitations. These parameters are a basis the amplitude values of
displacements and internal forces to be calculated. The modal analysis can
be treated as a preliminary step for further dynamic studies, such as:
spectral analysis, harmonic or periodic analysis and analysis due to

arbitrarily loads (time history analysis).



COMBINED MECHANISMS OF DESTRUCTION FOR THE DISCRETE
SINGLE-LAYER SPHERICAL DOMES - LOSS OF STRENGTH AND
STABILITY. BEHAVIOR MANAGEMENT BY FINDING NEW FORMS OF
EQUILIBRIUM.

Anita Handruleva, Vladimir Matuski, Konstantin Kazakov, Banko

Bankov

Abstract: The study of sustainable behavior of discrete domes is inseparable
part of their analysis and design. Ensuring their stability and reliability leads
to conducting numerous studies and the experiments by scientists all over
the world. The reason is the large number of cases of damaged discrete
domes due to loss of stability of the load considerably less than the critical
for the system. The main factors influencing sustainable behavior are:
morphology of the grid configuration, geometry and material characteristics
of structural elements, type of joint connections and the type of supporting.
On this basis, representative of discrete spherical dome for structural
analysis is selected. The numerical solution is performed with software based
on the Finite Element Method and investigated several cases of local loads,
consistent with the built surfaces of influence. To determine the critical value
of the parameter of loading have been used step-load increase with
successive approximations to find the boundary equilibrium of the system.
When an element reaches limit bearing capacity is assumed that he comes
from work and in the next stage of computing its contribution is not counted.
The study was conducted in terms of geometric nonlinearity reported with P-
A effect, i.e. influence of normal forces on the stiffness of the system,
assuming that the displacements increased after exclusion of elements of
work. The conditions of equilibrium are written as is used deformed position

of the structure. Results are presented in graphical and tabular form.



ANALYSIS OF SPACE TRUSSES SUBJECT TO SEISMIC EFFECTS.
MANAGEMENT OF DYNAMIC RESPONSE

A. K. Handruleva, V .D.Maruski, K. S. Kazakov, B. P. Bankov

Abstract: Dynamic parameters as natural frequencies and modes of
vibration are important indicators for the dynamic response of structures due
to seismic excitations. These parameters are a basis the amplitude values of
displacements and internal forces to be calculated. The modal analysis can
be treated as a preliminary step for further dynamic studies, such as:
spectral analysis, harmonic or periodic analysis and analysis due to
arbitrarily loads (time history analysis). In this paper the dynamic responses
of space trusses are studied. As objects of study are selected four
representatives. An orthogonal structure of the grid on the upper and lower
surfaces is accepted. The models differ in the type of supporting. The
analysis was conducted in two stages: modal and spectral analysis. In the
modal analysis is observed coefficient of effective modal mass and type of
natural forms of vibration. The seismic action is defined by three
independent components (two horizontal and one vertical) with 100%
response spectrum. The purpose of the study is to manage the dynamic

response of the d space trusses.

LOSS OF STABILITY AND MECHANISMS OF DESTRUCTION FOR
SPATIAL STRUCTURES. BEHAVIOR MANAGEMENT BY FINDING NEW
FORMS OF EQUILIBRIUM.

Anita Handruleva

Abstract: The study of sustainable behavior of structural constructions is
inseparable part of their analysis and design. Ensuring their stability and

reliability leads to conducting numerous studies and the experiments by



scientists all over the world. The reason is the large number of cases of
damaged structural constructions due to loss of stability of the load
considerably less than the critical for the system. The main factors
influencing sustainable behavior are: morphology of the grid configuration,
geometry and material characteristics of structural elements, type of joint
connections and the type of supporting. On this basis, four representatives of
multilayer structures for structural analysis are selected. An orthogonal
structure of the grid on the upper and lower surfaces is accepted. The
models differ in the type of supports and are labeled with: C.1 - structural
construction, supported on four columns with reinforced zones (spatial
trusses), and four console issue; C.2 - structural construction supported
again on four columns with reinforced zones, but in the form of diagonals
and four console issue; C.3 - structural construction supported along the
contour of the bottom surface; C.4 - structural construction supported along
the contour of the upper plane. The numerical solution is performed with
software based on the Finite Element Method, as are various cases of loading
(local, symmetric and asymmetric), consistent with the built influence
surfaces. To determine the critical value of the load parameter is used step-
load increase with successive approximations to find the boundary
equilibrium of the system. When an element reaches limit bearing capacity is
assumed that he comes from work and in the next stage of computing its
contribution is not counted. The study was conducted in terms of geometric
nonlinearity reported with P-A effect, i.e. influence of normal forces on the
stiffness of the system, assuming that the displacements increased after
exclusion of elements of work. The conditions of equilibrium are written as is
used deformed position of the structure. Results are presented in graphical

and tabular form.



COMBINED MECHANISMS OF COLLAPSE OF DISCRETE SINGLE-LAYER
SPHERICAL DOMES

Anita Handruleva, Vladimir Matuski, Konstantin Kazakov

Abstract: This paper presents investigation of combined mechanisms of
collapse of discrete single-layer domes. Main factors influencing sustainable
behavior are: morphology of the grid configuration, geometry and material
characteristics of the structural elements, type of joints and the supporting
conditions. On this basis, representative configuration of discrete spherical
dome for structural analysis is selected. The numerical solution is performed
with software based on the Finite Element Method. Several load cases are
considered. These are consistent with the surfaces of influence that have
been determined. In order to define the critical value of the load parameter,
the loading is increased incrementally and iterative procedure is used in a
given load step in order to exclude the structural elements which have
reached their limit capacity. Thus the boundary equilibrium of the system is
defined. The study considers geometric nonlinearities by accounting for P- A
effects, i.e. the influence of normal forces on the stiffness of the system. It is
assumed that the displacements increase after exclusion of the elements
which have reached their limit capacity. The equilibrium conditions are
defined for the deformed shape of the structure. Results are presented in

graphical and tabular form.



BbPXY NMPUHOCA HA BIJIOBATA AE®POPMATUBHOCT M1
AENJTAHAUUATA HA HANMPEYHOTO CEHEHUE KbM
NMPEMECTBAHUATA HA TOYKWUTE OT TPEAOBU ENIEMEHT

Bnaanmup MaTtycku, AHuta XaHapyneBa, KoHcTtaHTMH Ka3akoB

Pe3oMe: B Tasn cratua e u3cneaBaHo AedOpMUpPaHOTO CbCTOSIHWE Ha
rpefoBn efleMeHT CbC CTaTMyecka Cxema MnpocTa rpesa, Nnpy KOWTO ce B3MMa
no4 BHMMaHME KaKTO HanpeyHaTa AedOopMaTMBHOCT Taka W AensiaHauudaTa Ha
ceyeHmeTo. HaToBapBaHeTO € BbB BMA HAa paBHOMEpPHO pa3snpeneneH ToBap
WKW KOHUEHTpMpaHa cuia, NpuioXeHa B cpepaTta Ha rpepata. OCHoBHa uen
Ha TOBa u3cneABaHe e Aa ce NpensioxXu fecHa 3a NpuioXeHne MeToamKka 3a
OTUYMTaAHE Ha CpA3BAHETO W JAennaHaumsTa Ha HanpeyHoTo CevyeHune Ha
rpefoBn eneMeHTU C NPaBObIMb/IHO HaNpeyHO cevyeHue BbPXY MaKCMMalHOTO
MM HanpeyHo npemecTBaHe. Ta3n uen e NOCTUrHaTa NocpeacTBOM CbNoOCTaBKa
W aHann3 Ha pe3ynTtatute OT TpWM MoAesnia, 3a FeHepuvpaHeTo Ha KOUTOo ca
n3nonsyesaHm paBHUHHU (shell) n obemHu (solid) kpanHu enemeHTn (KE).
N3uncnutenHute Moadenn ce pasnuyaBaT Mo BMCOYMHA Ha HaNpPeyHOoTo
ceyeHune. M3cneaBaHeTo e NpoBeAeHO C nporpaMeH npoaykT, 6asupaH Ha
Meton Ha KpanHute enemMeHTU. OCHOBHWUAT MokasaTesl 3a CbMocCTaBka e
BepTUKanHOTO (T.e. HanpeyHo) rnpeMecTBaHe B cpedaTta Ha OTBOpa Ha
rpegosust  eneMeHT. B pgonbsiHeHMe  pe3ynrtatute,  MOJlydeHu  OT
U34NCNIUTENHUTE MOLEesIn Ce CpaBHsABaT C Te3u, M3UYUC/IeHW C NoMollTa Ha
M3BEeCTHM OT nuTepaTtypata no CbnpoTuBAEHME Ha  MaTepuanute
3aBMcuMocTn. [loeTanHO € OT4YeTeHO B/MSHMETO Ha  HanpeyHaTa
AedopMaTMBHOCT M Ha AersiaHaumsaTa Ha HanpeyHoTO cedyeHue BbpXy
CTOMHOCTTa Ha BEpPTUKAJIHOTO MpeMecTBaHe B rpeaoBus eneMeHT. [oTbpceHun
Ca KOPEeKTYpHU KoedUUMEHTU U (PYHKUUK, OTpassBalm Te3n BAUSHUA, KaTo
ca npeasioXkeHM KopeKkuuMm B CbllecTByBallaTa MeToauka. Pesynrtatute ca

npeactaBeHu B rpadumyeH u TabnuyeH sua.



NMOBBbPXHWUHU HA BJINAHUE HA ANCKPETHUN COEPUYHUM KYTNIOJIN

AHuTta XaHpapyneBa, baHko baHkoB, KoHcTaHTUH Ka3akoB, Bnagnmup

MaTycku

Pe3ome: loBbpxHMHaA Ha BaumaHue (MNB) 3a ycunue (OonopHa peakuus,
NpbTOBO YCWAME, OrbBal, MOMEHT, HAMNpPeyHO WM HOpMasHO YCuiue),
Hapuyame TpuMepHaTa rpaduka, KOSATO OTpa3siBa WM3MEHEHMETO Ha Tasu
BeNIMYMHa, KaTo (PYHKUMS OT MNOJIOXKEHMETO Ha NnoABMXHA CbCpeaoTo4vYeHa
cuna c eamHuUYHa roseMmHa n NnoCToSsHHO HanpasfeHue, obxoxaawa “nNbTHA”
NOBBbLPXHMHA.

Mpy NAOCKM NPOCTPAHCTBEHU NMPBbTOBU CUCTEMU TS € CbBKYMNHOCT OT JIMHUM Ha
BNNSHME, MOCTPOEHU 3a OTAESTHN B3aMMHO OPTOrOHas/IHM CeYeHUs npe3 paBHU
MHTEpPBaNM BbpXYy NaowTa Ha wuscneaBaHus obekT. MNMpu NpbTOBUTE Kymnonu
obauye BbB3HWKBAT peauua 3aTpyAHEHMS, 3aloTO Ppas3CTOSHMETO Mexay
ceyeHuaTa Hamangea No BMCOYMHA Ha MepuanaHa, a reomeTpuyHaTa obnacr,
BbpXy KOSITO ce cTpou B e c ABOMHa KpuBMHA W TpsbBa aa ce Hamepu
“yetnuea” dpopMa 3a nsobpassaBaHeTo U. BbNPOCHT € Mo KakbB HAaUMH Aa cU
n3obpasu MNB - gann KaTo NpoeKums BbpPXYy XOPU30OHTas Ha paBHMHA, KOSATO
WNIOCTPpUPa HeAOCTaTbYHO YEeT/IMBO W3MEHeHMeTo Ha [1B B 30HMTEe O0KOJI0
OMOPHUAT MNPBbCTEH MNM B KapTorpadcka Npoekums - 4ype3 pas3rbBaHe Ha
chepuvyHaTa MOBBLPXHOCT BbPXY BepTUKanHa paBHWHA. B To3M cnydamn
pa3CTosAHMATa Mexay MepuamaHuTe 6/M30 A0 BbpXa ca CUIHO NpeyBesinyeHun
n pedopMupaT MNOBLPXHOCTTA. TpeTa Bb3MOXHOCT € aKCOHOMETPUYHOTO
n3obpassiBaHe Ha Kynona B u3bpaH nornej, Kato opauvMHaTUTE Ha
NOBbPXHMHATaA Ce€ HaHACAT BepTUKasHW. Ta3nm Bb3MOXHOCT € Bb3npueTta 3a
no-HaTaTbWHO NpeacTaBsaHe. [NpecMsaTaHETO Ha opaMHaTUTE Ha Ta3un rpaduka
3@ NPOCTPaHCTBEHN CUCTEMM MO pbYeH Cnocob € NoYTU HEBB3MOXHO, Nopaau
BMCOKaTa UM cCTaTMyecka HeonpeaenuMocT No MeToda Ha npemMecTBaHuMaTa U

mMeToaa Ha cunute. C M3NON3YBAHETO Ha CbBPEMEHHU COGTYyepHU Mporpamm



no MKE (SAP2000, ANSYS wn ap.), v34ncnsgBaHeTOo Ha opAaMHATUTE Ha
NOBbPXHMHATA Ha BAUSHME 3a onpegesieHo ycunme obaye Beye e yfieCHEHO
MakcuManHo. KakTo e M3BeCcTHO OT CTpouTenHata crtaTuka, CbllecTByBaT Tpu
MeToAda 3a NOCTpOsiBAHE Ha JIMHUM Ha BAMSHWE, KOUTO MOoraT Aa ce npunoxar
M 3@ NOCTpOsSiIBaHEe Ha MOBBPXHUHUTE Ha BAUSHWE: CTAaTUYEH, KUHEMATUUEH U
KOMBUHMpaH MeToA.

Mpu CTaTUYHMAT MeToh Cce npocneasiBa M3MeHeHWMeTOo Ha pasrnexaaHaTa
BEe/IMYMHA MO CTOMHOCT M 3HaK MNpuM MNpPOMAHA HA MECTOMOJIOXKEHMETO Ha
NnoABMXXHaA eAVMHWYHa cuna B AedUHUMpaHUM MbTHU y4yacTbuu. 3a BCAKO
NOSIOXXEHME Ha Ta3uM cuia ce 3anmcBa YpaBHEHMETO 3a paBHOBecMe KN ce
npecMsaTa TbpCeHaTa peakuus, ycunme m T.H.

KMHEMATUYHMAT MeTo4 € OCHOBaH Ha MNpuHUMN@ HA Bb3MOXHUTE
npeMecTBaHUA, NpU KOMUTO Ce 3annceaTt ypaBHeHUATa 3a paboTaTa Ha cuniuTe,
AEeNCTBalLM BbpXy CUCTEMATa NpeaBapuTesiHO NpeBbpHaTa B MeXaHU3bM 4ypes

OTCTpaHdBaHE Bpb3KaTa, HOCELLAa YCUJTUETO.

ONPEAENAHE HA KPUTUYHUN TOBAPHU 30HU B ANCKPETHM
COEPUYHM KYNOJIN C U3NON3BAHE HA MNOBBbPXHUHUN HA
BJINAHUE

AHuta XaHapyneBa, baHko baHkoB, KoHcTaHTUH Ka3akoB, BnaamMmup

MaTycku

Pe3toMe: B Tasm cratns ca wuscneaBaHM MNOBbPXHWUHUTE Ha BAUSHME 3a
AVUCKpeTHN cdhepunyHn Kynonu. Kato obekTn Ha uscnenBaHe ca pasrnefaHu
neT npeacraBuTENIN HAa AUCKPETHW KynoJiM, 3a FeHepupaHeTo Ha KOUTO ca
n3nonssaHun frame KpanHW eneMeHTW. W3uncnutenHute w™Moaenu ce
pa3nuyasaT No MopdonoruaTa Ha CTPyKTypHaTa peweTka. N36paHu ca npbTu
B MEPUAMAHHO W napasienHo HanpasBfeHue, KakTo 1 AuaroHanu, 3a KOUTO ca

NOCTpOEHN MNOBBPXHUHUTE Ha BJIIMAHME OT BEPTUKAJIEH KbM CCbepVILIHaTa



NOBBbPXHOCT ToBap. N3cneaBaHeTo U rpadnMyHOTO M306pa3saBaHe e NPoBEAEHO
C nporpamMeH npoaykTt, 6asmpaH Ha MeToa Ha KpallHUTe eneMeHTU, Mo
CTaTUYEH U KMHEMATMYEeH HauMH. 3a OUEHKa Ha MOBbPXHUHUTE Ha BAUSIHME
3a YCUNNS B €/IEMEHTUTE OT Pas3/INYHUTE U3YUCNUTENHN MOAENN Ca BbBEAEHM
CnegHUTe OLEHBYHO-KONIMYECTBEHW MoKasaTenu: abCconoTHa MIbTHOCT;
HaTUCKOBA MTbTHOCT; OMbHHA MIBTHOCT. Bb3 OCHOBa Ha Te3u NnokasaTenu ca
onpeaeneHn cneaHuTe KoedbuLuMeHTN Ha yyacTme: KoedULMEHT Ha HaTUCKOBaA
aKTUBM3aUMs; KoedUUMEHT Ha OMbHHA aKTMBM3auusa. Pesyntatute ca

npeacTaBeHn B rpadunyeH u TabnnyeH Bua.

ON THE DYNAMIC RESPONSE OF DISCRETE SINGLE-LAYER
SPHERICAL DOMES

A. K. Handruleva, V. D. Matuski & K. S. Kazakov

Abstract: The spatial lattice-dome structures are mainly used to cover public,
cultural and sports halls with large diameters of the base. Domes belong to a
class of coverings that are characterized by a remarkable appearance and
relatively less self weight compared to alternative structural systems.
Depending on the support distance, they can be single-layer (with a grid
structure) and dual-layer (two structural grids in two rotational surfaces with
different radii). There are many domes with different lattice configurations.
The study and analysis of spatial structures is a complex iterative process
dependent on many parameters and factors that have to be taken into
account.

The presence of many software programs for three-dimensional (spatial)
static and dynamic analysis of structures is an advantage for fast and
accurate modeling and calculation, and for a further study. Most of the
software systems have options for more detailed analysis of stresses and

strains of the systems, for linear solution and non-linear analysis in terms of



geometrical and material non-linearity of the elements of the structure.
Some factors are important for the behaviour of lattice-domes. They are
described by Giongu and can be classified as: geometrical factors (the basic
shape of the dome (shell) - usually the choice of form is not based on
structural, but rather than architectural considerations); density of the grid
(a key parameter is the radius of the base, height and type of the adopted
grid) and geometrical and material non-linearity. Suzuki has studied the
behaviour of a single-layer reticulated dome with rigid joints between the
elements. Numerical analysis is conducted by the FEM taking into account
the elasto-plastic behaviour and geometrical non-linearity. Dubina concerns
the problem of large non-linear behaviour of single-layer lattice shell. The
author emphasizes on the significantly reduced stiffness and extreme

sensitivity of unstable behaviour outside the plane of the dome.

~KOMBUHUPAHWU” MEXAHN3MU HA PA3PYLUEHUE HA EQHOCJIONHU
ANCKPETHU COEPUYHU KYNOJIN

AHuTta XaHapynesBa, Bnagumup MaTtycku, KoHctaHTMH KasakoB, baHko

baHkoOB

N3cnegBaHeTo Ha YCTOMUYMBOTO MNoOBeAeHWE Ha nNpbTOBUTE KYMoau e
HEM3MEHHA 4YacCT OT TAXHOTO NPOeKTUpaHe, MU3UUCNSIBAaHE M Opa3MepsiBaHe.
OCHOBHUTE aKTopu, BAUSEWM BbPXY CTAabUIMTETHOTO MNOBeAEHWE ca:
MOpdOosiorMs Ha CTpPYKTypHaTa pelleTka, TFeoOMEeTPUUYHM W  MaTepuasnHu
XapaKTEPUCTUKN Ha KOHCTPYKTUBHUTE €JIEMEHTU U BUA HA Bb3OBUTE
CbeANHEHUS. YNCNEHOTO pelleHMe B Tasu CTaTus € MpoBeAeHO C NMporpaMeH
npoaykT, 6a3vpaH Ha MeToga Ha KpallHUTE eneMeHTW. 3a onpeaensiHe Ha
KpUTMYHaTa CTOMHOCT Ha MapaMeTbpa Ha HaTOBapBaHe € W3MOoJ3BaHo

CTbMNKOBO HapactBaHE€ Ha TOBapa C nMnocdieagoBaTeslHn I'IpVI6J'IVI)KeHVI$|.



N3cneaBaHeETO e MNpOBEAEHO B YC/IOBMATA HA reoOMeTpuyHa HeNMHENHOCT,

oTyeTeHa c P-A edekTa.

BJIMAHUE HA ANCKPETU3ALUWNOHHATA MPEXA BbPXY TOYHHOCTTA
HA OIr'bBEH YETUPUDBI'bJIEH KPAEH ENIEMEHT

AHuta XaHpapynesa, Bnagammup Matyckm KoHcTtaHTMH Ka3akoB, AHa

flHakueBa

Pe3stome: KaTo o06ekTM 3a wu3cnenBaHe Ha TbHKM MJI04M Ca pasriefaHu
ABajeceT n aBa npeacrasutenu. 3a usbpaHuTe Mogenu ca npuetn cnegHute
dbukcmMpaHn napameTpu: pasMepu Ha naovata B HanpaBNeHne X Un y
CbOTBETHO Mo 2m; aebennHa Ha nnodata 0,1m; paBHOMEPHO pa3npeaeneHo
HaToBapBaHe C WHTeH3mBHOCT q=10 kN/m2. Bapupa ce c: BuAa Ha
AONCKpPETU3aLUMOHHaTa Mpexa M BuAaa Ha rpaHUYHUTE YCIOBUA MO KOHTYypa
(tun I v Tun II). Mogenute oT TMN I ca 3anbHaTK NO KOHTYpa CU, a Te3n oT
T™™n II ca cbc cBO6OAHO nMoanupaHe. BuabT Ha AUCKpeTM3auMOHHATa Mpexa
ce NpoMeHs 4ypes3 rnpoMsaHa Ha MecCTOMOJIOXKEHMETO Ha Toyka B no oTceukaTa
Mexay Touka A M Touka 2. Ctbnkata e 0,1m. OueBMAHO e, 4e 3a
n3yucnutened mogen PL.1 Touka A un Touka B cbBnagaT, a 3a usyncamTeneH

moaen PL.11 Toyka B cbBnaga c toyka 2.

N3BOP HA E®EKTUBHA KYNOJIHA PELUETKA. ONTUMN3ALNA HA
TErJ10TO HA MPBTOBU KYNOJIN YPE3 NAPAMETDHP 3A "JIMHEMHA
HAMPErHATOCT"

AHuTta XaHapyneBa, Bnaganmup Matyckm , bBaHko baHkoB, KOHCTaHTUH

KasakoB

Pe3somMe: B Tasm cratma e wu3cnenBaHO pearnmpaHeTo Ha €AHOCIONHM

ANCKPEeTHU cdepuryHn kynonu. Kato o6ekTM Ha u3cnenBaHe ca pasriieaaHu



cegemzeceT Mogena Ha Kynonu. UN3umcnutenHute mMoaenu ce pasnuyaBaT no
BUAA HA rpaHMYHUTE OMOPHM YCNOBUS, CTPYKTYpHaTa pelieTka M BUCOYMHaTa
(BbB YHKUMS HA UeHTpanHUsa nNonybrb/l W pagmyca Ha cdhepuyHaTta
NOBBLPXHOCT). N36paHnTe npeacTtaBuUTENn Ha ANCKPETHU ChepuyHM Kynoau ca
rpynupaHn B ABa Tuna us4vncnmTenHu mogenun (cnopen Buaa Ha rpaHUdHuUTE
OMOPHU YCNIOBUSA), @ BCEKM TUM CbAbpXa CbOTBETHO MO MeT BapuaHTa
(cnopen MopdonornatTa Ha CTpyKTypHaTa peweTtka). OT CBOSA CTpaHa BCeKku
BapuvaHT uMMa Mo ceaeM npeacrasutens (B 3aBMCMMOCT OT BMCOYMHATA).
N3cnepBaHeTO Ha AUCKPETHUTE CdepuyHM Kynonu e npoBeAeHO u4pes
nporpamMeH npoaykT, 6asupaH Ha MeTtoa Ha KpalhHuTe enemeHTn. Cneg
NpoBEeAEHOTO CTaTUYeCKO M34YMCNsiBaHE, YMC/IEHOTO CpaBHEHWE e HanpaBeHo
No cnegHuTe Mpu3Hauu: U3MEHEeHWe Ha HOpPManHWUTe yCunus B NpbTUTE OT
pelleTkaTa; MeCTOMONIOXEHME Ha HeyTpasiHaTa JIMHMSA, pasaensia HaTUCKOBM
M ONBHHU YCUNNA B NPbCTEHUTE HA KynonmTe; BepTUKANHO NpemMecTBaHe Ha
XapakTepHu Bb3nU. B Tasm cratud e BbBeAeH HOB NapaMeTbp, KOMUTO e
HapeyeH "nMHenHa HanperHaTtocT'. Ype3 Hero ce onTUMU3MpaT Ternarta Ha
chepnyHn nNpbLTOBM KynoauM C PpasIM4HM TUNOBE peleTka Mnpu efHaKbB
OCHOBEH AMaMEeTbp U PasfIMyHU LEeHTpasHU NoAybrin, CbOTBETHM HA OMOPHUS
napanen Ha Kynosa. EdekTbT npu m3nonseaHe Ha napameTbpa "NMHENHA
HanperHaToct" € ye He e HeobxoamMMO Aa Ce M3BbPLUBA peaniHO CTaTUYeCcKo

n3vyncngdBaHe N opasMepsAaBaHeE Ha NMPbTUTE OT KyMnoJiHATa pPELUETKA.



DYNAMIC ANALISIS OF DOME STRUCTURES BASED ON THREE
METHODS OF DIRECTIONAL COMBINATION OF THE EFFECTS OF THE
SEISMIC ACTION

Anita Handruleva, Vladimir Matuski, Iliana Stoinova, Konstantin

Kazakov

Abstract: In the paper three methods of dierectional combination of the
seizmic effects are compared from theoretical point of view. These methods
are given in Eurocode 8. The results, obtained by the SRSS method are
juxtaposed with the 30 percent method for a model of a dome structure. The
CQC is adopted in such a way that the results, obtained by the method to be

more safety and conservative than the other two methods.

ANALYSIS OF DISCRETE SINGLE-LAYER SPHERICAL DOMES,
SUBJECTED TO SEISMIC ACTION. MANAGEMENT OF THE DYNAMIC
BEHAVIOR

Anita Handruleva, Viadimir Matuski, Iliana Stoinova, Konstantin

Kazakov

Abstract: In this paper the dynamic responses of discrete single-layer
spherical domes are studied. As objects of the study computation models of
domes are analyzed. These models differ in the type of boundary conditions,
grid configuration and height of the domes. The analysis was conducted in
two stages: modal and spectral analysis. In the modal analysis is observed
coefficient of effective modal mass and type of natural forms of vibration.
Comparison is made between different methods for combining modal
contributions (CQC and SRSS) and between methods of combining in the

direction of seismic effects: SRSS method and ,The rule of 30%"”. The



purpose of the study is to manage the dynamic response of the discrete

single-layer spherical domes.

DETERMINATION OF THE CRITICAL LOADING AREAS ON THE
DISCRETE SPHERICAL DOMES USING INFLUENCE SURFACES

Anita Handruleva

Abstract: In this article are studied the influence surfaces of discrete
spherical domes. As objects of study are discussed five models of discrete
domes to generate are used frame finite elements. Computational models
differ in the type of grid configuration. Selected frames are in the meridian,
parallel and diagonal directions, for which are built influence surface of
vertical load to the spherical surface. Research and graphical representation
was performed with software based on the Finite Element Method with static
and kinematic methods. For comparison, the influence surfaces introduced
the following parameters: absolute density, compressive density and tensile
density. Based on these parameters are determined following participation
factors: coefficient of compressive activation and coefficient of tensile

activation. Results are presented in graphical and tabular form.

LOSS OF STABILITY AND MECHANISMS OF DESTRUCTION FOR
SPATIAL STRUCTURES

Vladimir Matuski, Anita Handruleva, Konstantin Kazakov

Abstract: The study of sustainable behavior of structural constructions is
inseparable part of their analysis and design. Ensuring their stability and
reliability leads to conducting numerous studies and the experiments by
scientists all over the world. The reason is the large number of cases of

damaged structural constructions due to loss of stability of the load



considerably less than the critical for the system. The main factors
influencing sustainable behavior are: morphology of the grid configuration,
geometry and material characteristics of structural elements, type of joint
connections and the type of supporting.

In [4] and [5], Malla, Serrete have made a detailed overview of the status
and trends for static and dynamic analysis of double layer structural
systems. They pay particular attention to factors and phenomena that
influence sustainable behavior as an individual element and the whole
structure:

- in terms of the elements: Non-axial loading, neatness, geometric
tolerances, stiffness of the joint connections, the influence of redistribution
of efforts by one or more defective rods (lost its bearing capacity), then
critical behavior;

- in terms of the whole structure: type and density of the grid structure,
geometric tolerances and physical nonlinearity, susceptibility supports, local
damage or loss of bars and rods, behavior of joint connections, method of
supporting, presence of hard floor or cover disk;

- in terms of the load: symmetrical or asymmetrical static, dynamic loading
of suspended moving loads, fans and other vibrating machinery, earthquake
and wind effects, temperature changes.

On the basis of analysis of the state of the problem, can be said that the
study of spatial truss is a major challenge for civil engineers, for both
practical and for research work. Considerable interest has been shown by
scientists and researchers all over the world in this area, as evidenced by the
large number of publications and articles in scientific journals: Journal of
Space Structures, Proceedings of IASS, Journal of Structural Engineering,

and others.



COMBINED MECHANISMS OF DESTRUCTION FOR THE DISCRETE
SINGLE-LAYER SPHERICAL DOMES

Anita Handruleva, Vladimir Matuski, Konstantin Kazakov

Abstract: The study of sustainable behavior of discrete domes is inseparable
part of their analysis and design. Ensuring their stability and reliability leads
to conducting numerous studies and the experiments by scientists all over
the world. The reason is the large number of cases of damaged domes due
to loss of stability of the load considerably less than the critical for the
system. The main factors influencing sustainable behavior are: morphology
of the grid configuration, geometry and material characteristics of structural
elements, type of joint connections and the type of supporting.
In [8] and [9] Gioncu describes in detail the status of problems in the study
of sustainable behavior of single layer lattice domes. Some important studies
in this area are made of Sumec [10]. The massive use of discrete
computational models for the calculation of plane and space structures is
closely related to the rapid development to effective software programs.
Gioncu identified four main factors that have particular importance on the
sustainable behavior:

e form of the grid configuration;

e structural composition of grid configuration: triangular or
quadrangular;

e geometrical and physical characteristics of the individual structural
element;

e category of the node: welded, bolted or special mechanical joint.
The main task in the study for the sustainability of lattice domes is to
determine the critical load parameter, whose decision to use the three

theories of equilibrium states discussed in [1]:



1) theory of the first order: equations for stability studies are recorded on
unwrought scheme of the system (homogeneous system).

2) theory of the second order: equations for stability studies are recorded on
a delta system, but the displacements are small compared to the size of the
system.

3) theory third order: equations for stability studies are recorded on the real
delta system at any size of the displacements.

In theory first order loss of resistance is accompanied by a bifurcation of the
equilibrium shapes and the corresponding critical load in the foreign
literature is known as "bifurcation". The theory of the second and third order
the critical load is determined by the limit point where the stiffness of the
system is exhausted, ie zero. If it is possible to trace the precritical behavior,
but only the theory of the third order gives an idea of the following critical

behavior of the system.

YMNPABNEHVE HA ANHAMWUYHOTO PEATMPAHE HA EAHOCJ/IONHM
ANCKPETHWN COEPUYHU KYNOJIN, NOAJTIOXXEHU HA CEN3MUYHO
Bb3ENCTBMUE.

AHuTa XaHapyneBa

Pe3toMme: Ceu3MUUYHMAT aHanM3 Ha KOHCTPYKUMSTa BKAOYBA MoJaneH U
cnekTpaneH aHanusu. Ha HMBO MoganeH aHanmM3 ce rnofyyaBaT AWMHAMUYHMU
XapaKTepUCTUKN KaTo cobCcTBeHUTE POPMM Ha TPenTeHe Ha KOHCTPYKUMUSTa U
KopecnoHaupawmuTe MM  NepyoaM U eCTeCTBEHM  YecToTu. Te3n
XapaKTEPUCTUKM Ca HeobxoaMMu M 3a MpocneasiBAaHE Ha pearnpaHeTo Ha
KOHCTpYKUMSATa OT MPUNOXEHN APYTM ANHAMUYHM TOBApu M NpuU U3UUCSISIBAHE
Ha aMNINTYAHUTE CTOMHOCTU Ha NPEMECTBaHUATA U pa3pesHuTe ycunus, buno
BbB BWA Ha CreKTpaneH aHanus, aHain3 OT XapMOHWYEH TOBap WMAW aHanu3

ype3 npueTn akcenorpamm Ha Bb3gencTemeto (Time History Analysis). Ha



TO3K eTan ce KOHTpoaupa kKoeduumeHTbT Ha edekTMBHa MoJasiHa Maca,
nokasaTen 3a AOCTaTb4YyHOCT Ha npueTtuss 6pon GopMm Ha TpenTeHe B
aHanmsa. AKO nNpoBepkKaTa 3a AOCTAaTbYHOCT Ha OT4YeTeHuTe cobCTBEeHM popMun
Ha TpenTeHe He e yAOB/IeTBOPEeHa, MOXe Aa ce yBennum 6posaTt Ha dopMute
WAM [da Cce Hanpasu T.Hap. CTaTM4yHa Kopekuums. T9 ce ocHOoBaBa Ha
OONB/IHUTENHN CTaTUYHW CUAN, CbOTBETCTBALWM HA CbOTHOLUEHWETO MexXAay
,HeoTyeTeHaTa” (nunceawa) n obwarta Maca. M3non3BaHeTo Ha CTaTuU4HaTa
Kopekuma He rapaHtmpa 100% y4yactme Ha MacuTe KaTo MoAasiHa
N34nCNUTENIHa XapaKTepucTuka, HO BCe MakK AaBa NoO-A0CTOBEPHWU pe3yntaTu
3a AMHAMWYHOTO pearmpade. JlunceawaTta Maca Moxe ga ce pas3bupa kaTo
cbop OT MacuTe, Npu YMETO aKTUBMPAHE Ce NnopaxaaT HeoTyeTeHUTe HGOpMM.
MopanHuaT cnekTpaseH aHanau3 3aBbpluBa C U3bop Ha agekBaTHa MeToAMKa
3a KOMbuHMpaHe No popMK Ha TpenTeHe. AKO NMpoBepKaTa 3a AOCTAaTb4YHOCT
Ha oTyeTeHUTe cobCTBEHM POPMM Ha TPENTEHe He e YAOBNEeTBOpeHa, MoXe Aa
ce yBenuuym 6podAT Ha GopMuUTe MAM Aa Ce Hanpasu T.Hap. CTaTUYHa
KopeKkuus. Ta ce ocHoBaBa Ha AOMbJHUTENTHWN CTaTUYHU CUIN, CbOTBETCTBALLM
Ha CbOTHOWEHMETO Mexay ,HeoTdyeTeHaTa” (nunceawa) wn obwaTta Maca.
M3non3BaHeToO Ha cTaTuyHaTa Kopekuuss He rapaHtupa 100% ydactue Ha
MacuTe KaTo MojajiHa M3YUCIUTENHa XapaKTepucTuka, HO BCe MnMak gasa no-
AOCTOBEPHU pe3ynTaTh 3a AMHAaMUYHOTO pearmpaHe. Jinnceawarta Maca Moxe
Aa ce pasbupa kato cbop OT MacuTe, NMpM YMETO aKTUBMpaHe ce nopaxapaTt
HeoTyeTeHUTE POopMU.

MopanHuAaT cnekTpasieH aHanu3 3aBbpluBa ¢ U3b6op Ha agekBaTHa MeToAMKa

32 KOM6MHUpaHe No hOopMU Ha TpPenTeHE.



BbPXY ONTUMUNSALUMNATA HA TEN10TO HA NMPBTOBU KYNOJIN HYPE3
NAPAMETBbP 3A "JIMHEMHA HAMPEFHATOCT". W3BOP HA
E®EKTUBHA KYTNOJIHA PELUETKA

AHuTta XaHapyneBa

Pe3toMe: 3a M3sACHABaHe Ha HanNperHatoTo U AedOpMUpPAHO CbCTOSAHME Ha
Kynonute, BMWCaHM B CdepuyeH CerMeHT C pasiMyHa CTPYKTypHa
KOMMO3MnuKns, ce N3noa3eBaTt HavyanHo npuetute napameTpu 3a kynonute (R, B,
N) nNpu ABa BuAaA TPaAHUYHM OMOPHU YCIOBUA U  (HUKCMPAHO BBHLUHO
HaToBapBaHe q.

NMpoBeAeHO e mapaMeTpuUyHO M3C/eABaHe 4Ype3 Cepus YMCIIEHW OMUTU BbPXY
nokasaHute Ha ®Pur.l NpbTOBM KYMOJM C MNOCTOSIHEH pagMyC Ha OCHOBaTa
ro=15,0m » HapacTBalla BMCOYMHA, OTrOBapsllia Ha LEHTpaseH Nnoaybrba o,
n3MeHsuw, ce B UHTepBana ot 30° go 90° cbe cTbnka 10°.

Cnen npoBeAEeHOTO CTaTUYECKO MW34YUCASIBAHE, UYUCIEHOTO CpaBHEHME e
HanpaBeHO MO CfeAHUTEe MpuU3HaUW: M3MEHEHME Ha HOpPMaJIHUTE yCunus B
NpbTUTE OT peweTKata; MecCTOMOJIOKEHNE Ha HeyTpasiHaTta JIMHUS,
pa3gensuwa HATUCKOBM W OMbHHM YCUINA B NPbCTEHUTE Ha KynonuTe;
BEepPTUKANHO MpeMecTBaHe Ha XapakKTepHM Bb3W. B Ta3m cTtaTtus e BbBeaeH
HOB MapaMeTbp, KOMTO € HapeyeH "nMHenHa HanperHaTtocTt". Ype3 Hero ce
onNTUMU3UpAT Ternata Ha cHepuyHM NPbTOBM KYyMNoaM C PasMyHU TUMOBE
pelweTKka npu egqHakbB OCHOBEH AMAMETbLP U Pa3/IMYHU LEHTPAsHM MONybIn,
CbOTBETHW Ha OMNOPHMSA Napanen Ha Kynona. EdekTbT npu m3nons3eaHe Ha
napaMeTbpa "NMHENMHa HanperHatoct' e 4ye He e HeobxoauMMo pa ce
M3BbpLUBA peasiHO CTaTUYeCKO M3UYUCSABaHE M Opa3MepsiBaHe Ha NpbTuTe OT

KynoJiHaTa peleTka.



