BepupukaLms KOHeYHO-3/1EMEHTHbIX MoAes e PE3UHOMETAI/IMHECKNUX OMNOP B PACYETHLIX

MPOrpPaMMHbIX KOMIIEKCaxX C. 47-55

VK 624.04:004.9 DOI: 10.22227/2305-5502.2018.4.4

Bepudukanus KOHEYHO-3JIEMEHTHBIX MO/Ie/1el
PE3MHOMETAIMYECKUX ONOP B PACYETHBIX MPOrPaMMHBIX
KOMILJIEKCaX

0O.B. MkprbiueB, A.A. byHos
Hayuonansuviii uccnedosamenvexuit Mockosckutl 20Cyoapcmeentbiti CmpoumenbHbill yHusepcumem
(HUY MI'CY), 129337, 2. Mockea, Apocnasckoe uiocce, 0. 26

AHHOTALUMUA

BBepeHue. [py NpoekTUpOBaHNM 30aHWIN U COOPYXKEHWUIA C CUCTEMOW CEACMOMN3ONALMN B BUAE PE3NMHOMETANINYECKMX OMOp
(PMO) co cBMHLOBbLIM CEPAEYHNKOM HEOBXOAMMO BbIMOMHATL COOTBETCTBYIOLLME pacyeTHble 060CHOBaHUS 3OPEKTUBHO-
CTU 1 Lenecoobpa3HoCTK ee NpuMeHeHus. AT TpeboBaHWsa NPUBOAAT K HEOBXOAUMOCTH MOAENMPOBaHUsI ornop B obLuen
KOHEYHO-3reMEHTHOWM MOAENMU AN y4eTa UX COBMECTHOM paboThl ¢ coopyxeHueMm. Mpun 3ToM y pacyeTyuka cyLlecTeyeT
MHOXECTBO pasHbIX BapnaHToB MogenunposaHuns PMO, koTopble cBA3aHbl C peanu3oBaHHOW MOAENbIO Ux paboTsl. [Ansa go-
KasaTenbcTBa AOCTAaTOMHOCTU M AOCTOBEPHOCTU MOMYYEHHbIX pe3ynbTaToB pacyeTa, HeobxoauMbl kpuTepum Beibopa npu-
MeHsiemol Mogenu pabotel PMO.

MaTepuansi n metoabl. [Ins nony4yeHus 4OCTOBEPHbIX BbIBOAOB CPAaBHUM AvarpaMmMbl paboThl 1 nepuogbl CO6CTBEHHbIX
kone6aHunit PMO npu pa3nuyHbIX BapMaHTax UX YACNIEHHOro MOAENUPOBaHUS B NPOrPaMMHbIX KOMMIEKCaxX C pesynsratamu
3aBOACKMX UCTbITaHWA.

PesynbraTthl. VccnegoBaHns nokasanu, Y4To npegenbHble 3Ha4YeHUs FOpU3OHTanNbHOWM CUMbl U caBura Ans Bcex paccma-
TpUBaeMbIX CIly4aeB COBMafatoT, OAHAKO nepuoabl COBCTBEHHbIX konebaHuii 1 guarpamMmmbl paboTbl ONopbl OTMYATCS.
[aHHble pasnuynsa MoxHo 06bscHUTL Ucnonb3oBaHneM B MK Ansys/LS-Dyna 6onee goctoBepHol mogenu paboTbl onopsl,
YTO BWAHO NpU CpaBHEHUUN AnarpaMm nx pador.

BbiBogbl. AHanus pabotbl coopyxeHns ¢ PMO paboTaroLmmm no naeannusnpoBaHHoO NIMHENHOW MoAen BO3MOXKEH TOMbKO
ANsi COOPY>XEHUI HOPMarnbHOIO YPOBHS OTBETCTBEHHOCTW. 1N COOPY>KEHWI NMOBbILLIEHHOTO YPOBHS OTBETCTBEHHOCTYU He-
06x0aMMO 1MCMNoNb30BaTh NAeanM3MpoBaHHbIE HEMUHEHbIE MOAENW.

KNOYEBbBIE CJIOBA: ceiicmonsonauusi, peanHomeTannmyeckas onopa, CeMcMmM4eckoe Bo3aencTBme, MMHEeNHO-CneK-
TpanbHbI MeToA, NPSIMO AUHaMUYeCKUIA MeTOA, MAeanu3npoBaHHas NMHeHasi Mogenb, naeanvM3npoBaHHas HernmHenHas
MOAEenNb, AnarpamMmma, HaTypHbIN 3KCNEPUMEHT, KOHEYHO-3NIeMEHTHasi Moernb

OnAa UUTUPOBAHWUA: Mkpmebiues O.B., byHos A.A. Bepudukaums KOHEHYHO-3NEMEHTHbIX MOAENEV pe3rHoOMeTanu-

YeCKMX OMop B pacHETHbIX NMPOrpaMMHbIX kommnekcax // CTpouTenbCcTBO: Hayka n obpasosaHue. 2018. T. 8. Bein. 4. CT. 4.
URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2018.4.4

Verification of elastomeric bearings finite-element models in calculating
software packages
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ABSTRACT

Introduction. While designing buildings and constructions with an elastomeric bearing with a lead core as a seismic isolation
system, it is necessary to make calculations concerning effectiveness and reasonability of its usage. These demands lead
to necessity to construct bearings in a common finite-element model, in order to consider how a bearing and a construction
work together. Though a calculator has a lot of different variants of elastomeric bearing’s construction, which are connected
to their implemented work model. To prove that obtained calculation results are sufficient and accurate, selection criteria of
elastomeric bearings implemented work models are necessary.

Materials and methods. To get accurate results we will compare elastomeric bearing’s work diagrams and free periods of
motion when there are different variants of their numerical modelling with the help of software packages with factory tests
results.

Results. The researches have shown that lateral force’s and shear’s limit values are the same for all of the observed cases,
although free periods of motion and work diagrams differ. Usage of more accurate bearing work model in software package
Ansys/LS-Dyna can explain these differences, it can be seen if compare their work’s diagrams.

Conclusions. Analysis of constructions with elastomeric bearings’ work, which function according to the idealized linear
model, can be possible only for Il level constructions. Idealized nonlinear models should be used for | level constructions.
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BBEJEHUE

Kak u3BECTHO, CTPOHUTENIbHBIE OOBEKTHI JIOJKHBI
YAOBIIETBOPSATH TPEOOBAHUAM MPECIBHBIX COCTOSHUN
(F'OCT 27751-2014), BbINOIHEHHE KOTOPBIX HEOOXO-
JIMMO TIOJITBEPIKAATH JI0CTaTOYHBIMU PACY€THBIMU 000-
cHoBaHusAMU. Hanmpumep, Ipu IpOEKTUPOBAHUU 30AHUN
U COOPY’KEHHUU C IPUMEHEHUEM CUCTEMBI CECMOU30-
nsaun B Buge PMO [1] pacueTHble KOHEYHO-3JIEMEHT-
HBIE CXEMBbI COOPYKEHUI HEOOXOIUMO MOJIEJINPOBATh
C YYETOM OIIOp U HEJIMHEWHOI'0 XapakTepa ux paboThl.

Pacuets! 3nanuit ¢ PMO 3auacTyio BBIMOJHSIOT
B TaKUX IPOrpaMMHBIX KomIuliekcax kak Jlupa 10.6,
Scad Office 21, Ing+, Stark u T.11., KOTOpBIE TTO3BOJISIOT
MozenupoBath PMO ¢ moMOIIIbIO ClieIUaibHbIX KOHEU-
HbIX 251eMeHToB (KD), onuchIBalomuyX uieantn3npoBaH-
HbI€ JTMHEeHHbIe [2, 3] uinu, B JIydlleM ciydae, uaeaiu-
3UpOBaHHbIE OMJIMHEHHBIE AMAarpaMMbl paboOThl OMOp
[4]. OnHako neiicTBuTENnbHAs auarpamma padborst PMO
CYyILIECTBEHHO HelMHEeHas1. B Hacrosiee Bpems cyiie-
CTBYIOT TIPOTPaMMHBIE KOMILIEKCHI, Takhe Kak Ansys/
LS-Dyna, Abaqus, mo3Boisitorye Haudoyiee TOYHO
YUUTBIBATh Xapakrep padorsl PMO 3a cyer ucnoinb3o-
BaHMsI MaTEPUANIOB, PEATTU3YIOIINX UACATU3UPOBAHHBIE
HeJIMHEeIHbIe narpaMmbl JedopmupoBanus |5, 6].

B nmaHHO# cTaThe pacCMOTPUM CIIOCOOBI MOJE-
muposanusi PMO B [IK Ansys/LS-Dyna u Jlupa 10.6
U IIPOM3BE/IEM CPaBHEHHE pacCMaTPUBAEMBbIX MOJeIen
C pe3ynbTaTaMu HaTyPHBIX 3KCIIEPUMEHTOB.

MATEPHAJIBI U METO/bI

B IIK Jlupa 10.6 BO3MOXKHO CMOAEIUPOBATH JBa
BapuaHTa paborel PMO 1o ujaeanu3upoBaHHON JIH-
HEHHON U WIeaJu3UPOBAHHON OWIIMHEHHON MOjemH.
OpHaKo 3a49acTyl0 UCIIOJIB3YEeTCS WIeaTu3upOBaHHAs
JIMHEeWHas MoJienb [7-9], Tak Kak mpu pacdyeTe coopy-
JKEHUH ¢ cucteMon celicMonsonsiuu B Bujne PMO nu-
HENHO-CIIEKTPaJbHbIM METOAOM MPUMEHUTH UJCalIU-
3UPOBAaHHYIO OMJIMHEHHYIO MOJIENIb HE NPECTABIACTCA
BO3MOXKHBIM. W 1eanu3upoBaHHas HeJIMHEWHAsl MOJIEIb
HE peajln30BaHa.

Juarpamma pabotel PMO 1o uaeanu3upoBaHHON
JIMHEWHOW MOJIeNIN NpeAcTaBisieT co00l HAKIOHHYIO
NPsIMYIO, COCIMHSIONYI0 HUKHUM U BEPXHUU IUKU
TUCTepe3ucHON netiu (puc. 1).

lopuzonranbHas xxectkocth PMO B onHOM Ha-
MPaBJICHUU SIBJISIETCS] BEJIMYMHOM MMOCTOSSHHOM U OIpe-
JISISIETCS] CIIEAYIOIM 00pa3om:

F —F
rac P, F~ — nonoxurteabHas U OoTpuLarcjibHas CUJIbI
IIPU MMUKOBBIX NepeMerieHusx D u D™ cOOTBETCTBEHHO.

B IIK Ansys/LS-Dyna peanu3oBaHbl Bce TpU MO-
JieTu paboThl, OJJHAKO HAUOOJIBIINI HHTEPEC MPECTaB-
JISIeT WeallM3upOBaHHas HeMHEeHHasT MOjieIb paboThI
PMO (Bouc-Wen). JlanHasi MOzieIb UCIIOJIB3YETCS IS
OoJiee OJIHOTO ¥ TOYHOTO aHanu3a paboTsl onop. [leii-

(M

(7, D7)

Wneanu3upoBanHas quarpaMma paboTsl

[Tonepeunas cuna P

b —=

JleificTBuTeNIBHAS THAarpaMMa PaboOThI

(£, D) I[lepememienns u

Puc. 1. UneanuznpoBanHast TMHEHHAs JuarpaMma paboThl
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Wneanu3upoBanHas quarpaMma paboTsl

[Tonepeunas cuna P

9

JleiicTBuTeNIBHAS THarpaMMa paboOThI

[lepememenus u

Puc. 2. neanusupoBanHas HeIMHEHHAs AuarpaMma padoThl

Taou1. 1. OcHOBHbBIE XapaKTEPUCTUKU OIOPbI

Howmep XapaKTepuUCTUKU Enuanier usmepenuit LRB-D600
1 Pacuernas Hecymast cnocoOHOCTh kH 3393
2 PacueTHble rOpU30HTANBHBIE TIEpeMerneHns D, M 0,124
3 MakcumasibHbIe TOPU30HTANIbHBIE epemelenus D, M 0,330
4 BeprukanbHast xKecTKOCTb kH/m 2500 000
5 3Ha4eHne rOPU30HTAIILHON CUJIBI B TOUKE HavaJla IIIACTHYHOCTH F| kH 90
6 JKecTkocTb B ynpyroi cTajuu Harpyxenus k, kH/m 11 600
7 JKecTkocTh B MIACTHYECKOl CTaluK HATPYKEHUs k, kH/m 2360
8 OKBUBaJICHTHAs! TOPU3OHTAJIbHAS JKECTKOCTh k@ﬁ, kH/m 2570

cTBuTenbHast auarpamma PMO (puc. 2) B 3ToM citydae
OIMMCBIBACTCSA 3BOJTIOLUUOHHBIMU TEPEMEHHBIMU.

Jlyist BaprianTa paboThl OTOPBI B OJIHOM HaIpaBlie-
HUU JIaHHasi MOJIesb OblIa onucana B padborax [10, 11]
u paszpaborana B [12]. [lnarpamma padorsr PMO 3ana-
€TCs YPaBHEHHUEM:

P=oku+(-0)fz, 2

rae P — BoccraHaBiMBaronas cuia (BHYTPEHHsIs CUla,
BO3HMKAIOIAsl B ONOPE); 0L — OTHOIIEHUE T'OPU30H-
TAJIbHOW JKECTKOCTH OIOPBI B IUIACTUYECKOW CTaAuu
(k, = F,/D,) paboThl K KE€CTKOCTH B Ha4aJIbHOH ympy-
roii crajuu k ; k, — ropu30HTAalIbHAs HKECTKOCTh OOPbI
B Ha4aJIbHOM yIpyro# craauu pabotsl (k, = F\/D,); u —
FOPU30HTaJILHOE EPEMELICHUE ONOPhI; I, — Harpyska,
COOTBETCTBYIOILAS! [TPE/ICITY TEKY4YECTH; Z — IBOJIIOLH-
oHHasi Oe3pa3MepHast IepeMeHHast (THCTepPe3nCHOE CMe-
LIEHUE), YUUTHIBAIOLIAs HATIpaBJIeHNE BOCCTAHABINBA-
FOLICH CHIIBI U YIOBIICTBOPsIFoIIas yeiioBuio (|z| < 1).
IIepemennsle P, 1 U z 3aBUCST OT BPEMEHU.
[lepemeHHast z onpeAessieTcs] U3 BOJIIOIMOHHOTO

YpaBHCHUA:
Dz = Ai—ylill2l|" = pald", @)

rae z — MPOU3BOJAHAA OT Z IO BpeMeHH; A — mapa-
MeTp, NpuHUMaeMsblit paBubiM 1 [13]; v, B — nmapame-

TPBI, ompeesstomue GopMy MeTn rucTepe3unca; N —
rapaMerp, KOTOPbII KOHTPOJIUPYET HEPEX0] YIPyrou
CTaJAMU K IMOCT-ynpyroi (mpu OOJBIINX 3HAYCHHSIX
Mepexo]] CTAHOBUTCSI PE3KUM U IIPUOJIMIKAeTCsl K OMITH-
HEWHOW Juarpamme).

st PMO o0bruno0 npuauMaetcs 4 = 1; v = 0,5;
B =0,5;n=2[14]. Torna ypaBuenue (3) npuMeT BUJI:

1 |a(1-z%), npu sz >0,

D, |\u, npu 1z <0.

“)

Jlyist uccnenoBanuii BRIOpaHa pe3MHOMETAILTUYC-
cKas Oomopa co CBHHIIOBBIM cepaeuHnkoM LRB-D600
(tabn. 1).

PE3YJIBTATBI HCCJIEJOBAHUSA

Jl1g mosryueHus: J0CTOBEPHBIX BBIBOJIOB CPAaBHUM
JarpaMMbl paOOThI M NEPUO/IbI COOCTBEHHBIX KoJieOa-
Huit PMO npu uX YUCIEHHOM MOJIEJIMPOBAHUU B MPO-
IpPaMMHBIX KOMIUIEKCaX C Pe3yJbTaTaMH 3aBOJICKUX HC-
MBITAHUH.

Hwxe npuBenensl auarpaMmsl padoTst aist PMO
LRB-D600 ans pa3ubix cirydaes (puc. 3).

OCHOBHBbIE Pe3yJIbTaThl UCCIEJOBAHUIN MTPEICTaB-
JIeHBI B Ta0. 2.
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Puc. 3. luarpammsl paboT: @ — 110 pe3yibTaTaM 3aBOACKHX ucibTaHuid onopsl LRB-D600; 6 — 1o pe3ynbsrataM YHCIEHHOTO
mozenuposanus B [1IK Ansys/LS-Dyna 1o naeanu3supoBaHHOM HEIMHEHHOH MOJEIH; ¢ — I10 pe3yJbTaTtaM YUCICHHOTO MOJIe-
nupoBanust B [IK Ansys/LS-Dyna u [1K Jlupa 10.6 no nneanu3upoBaHHOW JIMHEHHON MOeIN
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Taou. 2. Pe3ynbrarhl CpaBHUTEIBLHOTO UCCIe0BaHUs paboTel PMO

Turn PMO PesynbTatel nccnenoBanuit Ilepuon Tl'opuzonraneHas cuna, kH /
COOCTBEHHBIX COOTBETCTBYIOIUI
KOJICOAHUi, C | TOPU3OHTAIBHBINA CIBUT, M
LRB-D600 |IIK Jlupa 10.6* |uneanuzupoBaHHast THHEHHAS MOJIEIb 2,3 850/0,331
TIK Ansys/ HJeann3upoBaHHas JIMHeHas MoJeb 2,28 850/0,331
LS-Dyna* HJean3poOBaHHas HeJIMHEHAs MOJIEIb 1,81 850/0,330
JlaHHBIE 3aBOJIa U3rOTOBUTEIIS™ 2,28%* 850/0,330

* Pe3ynbTaThl TOJy4YEHBI IIPU BEPTHKAIBHOH Harpyske Ha onopy LRB-D600 — 3393 xH;

** DKBUBAJICHTHBI MIEPHO] IPU COOTBETCTBYIOLIEH Harpy3ke 7 = 2n\/(M/keﬁ).

3AK/IIOYEHUE
N OBCYXIEHUE

Kax BUAHO U3 pE3YJIbTATOB, MPEACIIbHBIC 3HAYCHU
TOPU30HTAIILHOM CHIIBI U CIIBHUTA JUIsl BCEX CIIy4aeB CO-
BIIQJIAIOT, OJHAKO IIEPUOJIbI COOCTBEHHBIX KOJICOAHMIA
W JarpaMMbl paboThl OMOpbI (pUC. 3) OTIMYAIOTCS.
I[aHH])le pa3jandus MOXHO O6’b§1CHI/ITb UCIIOJIb30BaHU-
em B I1K Ansys/LS-Dyna Gosee n1ocToBepHO# Mojenu

paboThI OMOPBL, YTO BHHO MIPU CPABHEHHUHU JAHArpaMM
ux pabor (puc. 3).

Amnanus pabotsl coopyxenusi ¢ PMO paborato-
LMMHU 110 UJI€TM3UPOBAHHON JIMHEHHONW MOJIENIN BO3-
MOXEH TOJIBKO JJISi COOPYKEHUH HOPMAJIBHOTO YPOBHS
OTBETCTBEHHOCTU. JlJIsI COOpPY>KEHUH IOBBILIEHHOIO
YPOBHSI OTBETCTBEHHOCTH HCIIOIb30BAHHUE HJI€AIN3UPO-
BAHHOM JIMHEHHON MOJENN JAOMYCTUMO TOJIBKO B Iep-
BOM IPHOJIMIKEHUH.
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INTRODUCTION

It is well known that construction projects must
fulfil the requirements of extreme limit state (All
Union State standard 27751-2014), fulfilment of these
requirements should be proved by sufficient calculat-
ing justifications. For example at the time of designing
buildings and constructions with elastomeric bearing
as seismic isolation system [1], while constructions’
calculating finite-element schemes are modelized,
bearings and their nonlinear response should be taken
into consideration.

Calculations of constructions with elastomeric
bearings are often made with such software packages,
as Lira 10.6, Scad Office 21, Ing+, Stark etc, which
design elastomeric bearings with the help of special
finite elements, that describe idealized linear [2, 3]
or (at the best case) idealized bilinear bearings’ work
diagrams [4]. However an actual elastomeric bearings’
work diagram is significantly nonlinear. Nowadays
there are such software packages, as Ansys/LS-Dyna,
Abaqus, which let us consider elastomeric bearings’
response more accurately, because of usage of mate-
rials, that implement idealized nonlinear deformation
diagrams [5, 6].

In this article we will observe elastomeric bear-
ings’ modelling practices with software packages An-
sys/LS-Dyna and Lira 10.6 and compare the observed
models with the results of full-scale experiences.

MATERIALS AND METHODS

With software package Lira 10.6 two variants of
elastomeric bearings’ work can be modelized: accord-
ing to idealized linear model and according to idealized
bilinear model. Though idealized linear model is often
used [7-9], because it is impossible to use idealized
bilinear model while calculating constructions with an
elastomeric bearing as a seismic isolation system using
linearly-spectral method. Idealized nonlinear model is
not implemented.

According to idealized linear model, elastomeric
bearing’s work diagram is represented by an inclined
line, which connects the lower and the upper peaks of
a hysteresis loop (Fig. 1).

Elastomeric bearing’s horizontal stiffness in the
same direction is a constant quantity, it is defined as
follows:

F —F

= 1
eff D+_D— ()

where F*, F~ are positive and negative forces, when D*
and D~ are respectively peak movements.

In the software package Ansys/LS-Dyna all of the
three work models are implemented, but idealized elas-
tomeric bearing nonlinear work model (Bouc-Wen) is
of outstanding interest. This model is used to perform
more complete and accurate analysis of bearing’s work.
In this case elastomeric bearing’s actual diagram
(Fig. 2) is defined by evolutionary variables.

Lateral force P

(F D) Movements u

Fig. 1. Idealized linear work diagram
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For a variant, when a bearing woks in the same di-
rection, this model was described in studies [10, 11] and
formulated in the study [12]. Elastomeric work diagram
is defined by equation:

P=oku+(-0)fz, (2)
where P is restoring force (internal force in a bearing);
o is a ratio of a bearing’s horizontal stiffness in plastic
stage (k, = I-,/D,) to stiffness in primary elastic stage k;
k, is a bearing’s horizontal stiffness in primary elastic
stage of work (k, = F\/D,); u is horizontal movement of
a bearing; F'| is intensity, yield stress; z is evolutionary
nondimensional variable (hysteretic movement), which
considers restoring force direction, and satisfies the
condition (Jz| < 1).

Variables P, u and z depend on time.

Variable z is defined by evolutionary equation:

Dyz = Ai—yil|2||2[" - Bui|]", 3)
where Z is time derivative of z; 4 is an argument,
counted equal to 1 [13]; y, P are arguments, which de-
fine hysteresis loop’s form; n is an argument, which
controls transition from elastic stage to post-elastic
stage (at larger values transition is abrupt and comes
close to bilinear diagram).

For elastomeric bearings values usually are 4 = 1;
vy=0.5; B =0.5;1=2[14]. Then the equation (3) is as
follows:

s {a(l—f), at 1z > 0,
D “4)
Elastomeric bearing with a lead core LRB-D600

was chosen for the researches (Table 1).

u, at uz <0.

RESULTS OF THE RESEARCH

To get accurate results we will compare elastomer-
ic bearing’s work diagrams and free periods of motion
when numerical modelling with the help of software
packages with factory tests results.

Elastomeric bearing LRB-D600 work diagrams for
different cases are listed below (Fig. 3).

Key research results are shown in table 2.

CONCLUSION AND DISCUSSION

The results show that lateral force’s and
shear’s limit values are the same for all of the observed
cases, although free periods of motion and work dia-
grams differ (Fig. 3). Usage of more accurate bearing
work model in software package Ansys/LS-Dyna can
explain these differences, it can be seen if compare their
work’s diagrams (Fig. 3).

Analysis of constructions with elastomeric bear-
ings’ work, which function according to idealized linear
model, can be possible only for II level constructions.
Idealized linear models can be used for I level construc-
tions only as a first approximation.

Idealized work diagram

S

i
Y F 1
8 _ | i
B ! g !
E D D
L _ 2
= v
=

Actual work diagram

Movements u

Fig. 2. Idealized nonlinear work diagram

Table 1. Bearing’s general characteristics

Number Characteristics Unit measures LRB-D600
1 Calculated bearing capability kN 3393
2 Calculated horizontal movements D, m 0.124
3 Maximum horizontal movements D2 m 0.330
4 Vertical stiffness kN/m 2 500 000
5 Lateral force’s value in plasticity point of origin F, kN 90
6 Stiffness in elastic stage of loading k, kN/m 11 600
7 Stiffness in plastic stage of loading , kN/m 2360
8 Equivalent horizontal stiffness k. kN/m 2570
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Fig. 3. Work diagrams: ¢ — according to the results of bearing LRB-D600’s factory tests; b — according to the results of nu-

merical modelling with software package Ansys/LS-Dyna, idealized nonlinear model; ¢ — according to the results of numerical
modelling with software packages Ansys/LS-Dyna and Lira 10.6, idealized linear model
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Table 2. Results of comparative studies of elastomeric bearing’s work

Elastomeric Research results Free period of Horizontal force, kN /
bearing’s type motion, s horizontal shear, m
LRB-D600 Software package Lira 10.6* | Idealized linear model 2,3 850/0.331

Software package Ansys/ Idealized linear model 2.28 850/0.331
LS-Dyna* Idealized nonlinear model 1.81 850/0.330
Producer factory data* 2.28%* 850/0.330

* The results are gained with vertical load to a bearing LRB-D600 — 3393 kN;

** Equivalent period, load 7= Zn\/(M/keff).
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