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1.3.9. 3agaHue KeCTKOCTHBIX XapaKTEPUCTHK 3JI€EMEHTOB

Jdns pacdera cuUCTEMbl HEOOXOIMMO 3aJaTh IKECTKOCTHBIC XapaKTEPHUCTHKH
3JIEMEHTOB, 3aBUCSIIIE OT TUIIA KOHEYHBIX JIEMEHTOB, TAKHE KaK TUIOIIAAN TOTePEUHBIX
CCUCHU I, MOMEHTBI MHEPIIMU CEYCHHH, TOJIMUHA IUTUTHBIX U 000J0YEUHBIX AJIEMEHTOB,
MOJIyJIM YIPYTOCTH U CIBUra, KO3(G(GHUIUEHTHI YIPYroro OCHOBAHHUSL.

OO01as cxeMa 3aJJaHusl JKECTKOCTHBIX XapaKTePUCTHK TAKOBA:
® BBOJITCA 4YHCIOBBIC JaHHBIC »KECTKOCTHBIX XapakTepucTuK. Kaxmelii HaOop

XapaKTEPUCTHK MBI Oy/IeM Ha3bIBATh MUNOM HCECMKOCMU WIH TIPOCTO HCECMKOCMb.

Kaxgomy THITy )KECTKOCTH OYJeT IPUCBOCH TOPSIKOBBIN HOMED;
®  OJIVH W3 TUIIOB XECTKOCTH Ha3HAYACTCS MeKyUUM,
®  OTMEYAKOTCS DJICMCHTBI, KOTOPHIM OYIET MPUCBOCHA TEKYIAs )KECTKOCTH;

e xoMaHmoi Ha3HAYUTH JKECTKOCTH BCEM BBIJCICHHBIM JJIEMEHTAM MPHCBAUBAIOTCS

JKECTKOCTHBIC XapaAKTEPUCTHKH, COACPKAUIUECS B TEKYILEM THIIE KECTKOCTH.

B pacnopsokeHHH TOJB30BATENlsl €CTh HECKOJIBKO CIHOCOOOB BBOJA YHCIOBBIX
JIAHHBIX JKECTKOCTHBIX XapaKTEPUCTUK, W Jajee Mbl HX paccMoTpuM. Ho mpexnie
OTMETHUM, YTO HE3aBHCHMO OT CIMOoco0a BBOJA JAHHBIX MPOLEAypa Ha3HAYCHHS
JKECTKOCTEH Beera OyAeT Takoi, Kak OMUCAHO BBIIIE.

BBoa 4HCI0BBIX JaHHBIX

OTOT STanm onepanyM, 3aHUMAIOUIMH y IO0Jb30BaTeNs OOJbIlle BCEr0 BPEMEHH,
BBIMOJIHACTCA C IOMOINBIO JAuasoroporo okHa «CedeHue». JlManoroBoe OKHO
BBI3BIBAaCTCA KOMaHION 3ajaHHe M BBIOOP JKECTKOCTH M3 HHUCHAJAIOIIEr0 MEHIO
«KectkocTi» WM ¢ TOMONIBIO MHCTpyMeHTa ? u3 mnaHenn «CBs3H, >KECTKOCTH,
Harpy3km» (cM. puc. 1.20).

BrI3BaB B HOBOI 3amaue quanoroBoe OkHO «CedeHHe», BBl YBUAWTE €T0 IIyCThIM,
TaKUM Kak Ha puc. 1.46.

st Toro 4TOOBI HauaTh BBOJ JaHHBIX, HY)KHO IIEIKHYTh Ha KHONKe [/l00aBUTHY].
CMBICIT 3TOH KOMaHABI OYEBHIEH: B CIIMCOK J>KECTKOCTEH cieBa (TOKa eIie ITyCTOH)
TpebyeTcst 100aBUTh HOBYIO JKECTKOCTb.

Ilocne menuka AMAJIOTOBOE OKHO HU3MEHSET CBOM BHUJA: B IPaBOil 4acTH €ro
MosABIsAeTCA Tpadudyeckoe MEHI0, COAepiKallee THUIIMYHBIC, PAaCIpPOCTPAHEHHBIE BHIBI
ceuenuii (puc. 1.47).

AxTuBm3anus (ZBOWHBIM IIEIYKOM) THMKTOTPAMMBI HYXKHOTO THIIA CEUYCHHSA
MHUIAUPYET BBIBOA HA 3KPaH CIIEIYIONETO THATIOTOBOTO OKHA, COIEPIKAIEr0 TEKCTOBBIE
TOJISL /171 BBOJIA KECTKOCTHBIX XapakTepucTuk (puc. 1.48).

1.3.9. Input of the rigid characteristics of elements

For calculation of system is necessary to set rigid characteristic of elements
which depend on a type of final elements, such as the areas of cross sections,
moments of inertia of sections, the thickness of plate and bounding box elements,
modules of elasticity and shift, factors of the elastic basis.

The general scheme of the input rigid characteristics is:

e the numerical data of the rigid characteristics are entered. Each set of the
characteristics we will call a type of rigidity or simply rigidity. To each type of
rigidity will be appropriated serial number;

e one of types of rigidity is nominated as current;

e the elements are marked with which the current rigidity will be appropriated,;
by command Nominate rigidity to all allocated elements are appropriated
rigid characteristics contained in the current type of rigidity.

At disposal of the user there are some ways of input numerical data of the rigid
characteristics, and further we shall consider them. But before we shall note, that
irrespective of a way of data input the procedure of assignment of rigidity always
will be such, as is described above.

Input of the numerical data

This stage of operations which takes from the user most of all of time, is carried
out with the help of a dialogue window "Section". The dialogue window is called
by a command Input and choice of rigidity from the pull-down window "Rigidity"
or with the help of the tool ? from the panel "Connections, rigidity, loading™ (see
fig. 1.20).

Having caused in a new task a dialogue window "Section", you will see it
empty, such as in a fig. 1.46.

To begin data input, it is necessary to click on the button [Add >>]. The sense
of this command is obvious: in the list of rigidity at the left (for the present empty)
it is required to add new rigidity.

After click the dialogue window changes the kind: in the right part there is a
graphic menu containing typical, widespread kinds of sections (fig. 1.47).

The activation (double click) of image of the necessary type of section initiates
a conclusion to the screen of the following dialogue window containing textual
fields for input of the rigid characteristics (fig. 1.48).



JuanoroBoe okHO «CedeHHe» MMEET TPH 3aKJIAAKK IpapUIecKuX MEHIO, JArOIIUX
JOCTYIl K JHaJOTOBBIM OKHaM BBOAA HYXHBIX >KECTKOCTHBIX XapakTepuCTHK. Ilo
YMOJIYaHHIO OTKPBIBACTCS MEHIO, Ha3BaHHOE pa3paboTdnkoM «CTaHHapTHBIE THUIIBI
CeUeHMiT». 37ech MPENCTaBICHO § THIOB dYacTo BcTpedarommxcs cedeHmi. (Kak
MPaBHJIO, 3TO CEYEHHS 3JIEMEHTOB XKEIe300€TOHHBIX KOHCTPYKIINH).

JlBe Apyrux 3akiaikd copaepkaT 0a3y 4acTO BCTPEUYAIONIMXCSI CEUCHUH CTAaIbHBIX
KOHCTpYKLHMI. 37ech MNpeacTaBieHO 22 BapuaHTa CEYEHUM, KOMIIOHYEMBIX W3
CTaH/APTHBIX IMPOKATHBIX MPOQMIEH, THYTHIX NPOQUICH, KPYrJIoW CTaJd M KaHATOB.
Hcnonp3ys 3TOT BapuaHT 3aJaHUS JKECTKOCTHBIX XapaKTEPUCTHK, II0Ib30BaTellb
BBIOMpaeT HYy)KHblEe Mpoguian W3 0a3bl CTaHAAPTHBIX Hpoduiell, colepiKamuxcs B
nporpaMMHOM KoMmiuiekce. [loxoxe, yro 6aza mpoduieir JIMPA comepxur Bce, 4TO
osu10 iperycmotpero 'OCTamu OpiBiero Coserckoro Coro3a.

Menro, HazBaHHOE «EF», comep>kut 22 BapmaHTa 3aJaHUS )KECTKOCTEH /IS IIACTHH,
0001109€eK, TPEXMEPHBIX U CHEINAIBHBIX 3JIEMEHTOB. 3/1€Ch JUII MHOTHX 3JIEMEHTOB €CTh
BO3MOKHOCTb 3aJlaHMs YUCICHHOTO 3HAY€HHs JKECTKOCTH, T.€. 3apaHee BBIYUCICHHBIX
3HAYEHUH JKECTKOCTEH B KJIACCHYECKOM MOHMMAaHHM 3TOTO TepMHHA: Hampumep EF -
KECTKOCTh CXKaTHsA-pacTshkeHus, Ely - m3rubHas >kecTKOCTh | T.1.

Vcnionp30BaHNE AMAIOrOBBIX OKOH BBOJIA KECTKOCTHBIX XapaKTEPUCTHK HECIOXKHO.
KHomku wuMeI0T oueBHAHbBIC, INOHATHBIE Ha3BaHHA. Kpome TOro, kaxiaoe OKHO
comnpoBoxkaaeT «llomomsy, moscHAONMAs HE TOJIBKO MPOIETypy BBOJA, HO M Jarolas
CIIMCOK BCEX 0003HAYEHHI, TPUMEHSIEMBIX B OKHE.

Teneps, nmocie HECKOIBKO 3aTSIHYBLIETOCS BCTYIUICHHUS, MBI [IOJPOOHEE pacCMOTPUM
3aJlaHHe )KECTKOCTHBIX XapaKTEepUCTHK Ha IIpUMepe Hallleld paMsl.

BBoa 4MCJIOBBIX JAHHBIX KECTKOCTHBIX XapaAKTEPHCTHK PaMBbI
ITapameTpbl cedyeHuid KOJOHH W pureneil mpusenensl Ha puc. 1.30. Kpome Toro,

MOHAI00UTCS MOAYIB yripyrocT 6etona B40 u ynenbHBIA Bec.

Takum oOpazom, nmpumeM st Hamero npumepa E = 3.67 e6 Tc/M2 u 00BEMHEII Bec

2.5 Tc/M3. lanee BEIOIHUM CIETYOIIee:

e KOMaHIOW 3amaHWe U BHIOOP KECTKOCTH M3 HUCMAJAIOIEro MeHo «KecTkocTn»
WIM IETYKOM O HHCTpYMEHTYy ? u3 maHenun «CBsi3M, KECTKOCTH, Harpy3Ki»
BBI30BEM JIHaioroBoe okHo «Ceuenne» (puc. 1.46);

e  esyKkoM 1o KHorke [/{o0aBuTh«] BbI30BEM rpaduueckoe MEHIO pacipoCTPaHEHHBIX
TUTIOB cedeHn# (puc. 1.47);

e  JIBOWHBIM LICIYKOM [0 MUKTOIpaMME TaBpa BBI30BEM IUAJIONOBOE OKHO «3alaHue
craHziaptHoro ceueHus» (puc. 1.48). 3mech BHeceM B TEKCTOBBIE IOJSI MOJIYIb
YIPYTOCTH, pa3Mepbl CeueHus W ynelnbHblii Bec (OOparure BHMMaHME, YTO B
IPOrpaMMHOM KOMIUIEKCE yJIeNnbHbIH Bec obOo3Hauaercsi Rg). Bce o6o3HaueHus
pa3MepoB CEYeHHUs] NpPUBEICHbl Ha PUCYHKEe OKHA. EcIM BO3ZHUKHYT BOIPOCHI
OTHOCHTEJIFHO Jpyrux 0003HAa4YeHWH, MOKHO BbI3BaTh [[lomomip] mieaykoM 1o
kHornke (puc. 1.49);

Dialogue window "Section" has three bookmarks of the graphic menus giving
access to dialogue windows of input necessary rigid characteristics. By default the
menu named by the developer " Standard types of sections " opens. 8 types of
frequently meeting sections here are submitted. (As a rule, it is sections of elements
of reinforce-concrete designs).

Two other bookmarks contain base of frequently meeting sections of steel
designs. 22 variants of sections, composed from standard rolling structures, bent
structures, round steel and ropes here are submitted. Using this variant of the input of
the rigid characteristics, the user chooses the necessary structures from base of
standard structures contained in a program complex. Looks, that the base of
structures LIRA contains everything that was stipulated by the standards of former
Soviet Union.

The menu, named "EF", contains 22 variants of the input of rigidity for plates,
bounding boxes, three-dimensional and special elements. Here for many elements
there is an opportunity of input of numerical meaning of rigidity, i.e. beforehand
calculated meanings of rigidity in classical understanding of this term: for example
EF - rigidity of a compression - stretching, Ely - bending rigidity etc.

Usage of dialogue windows of input of the rigid characteristics is simple. The
buttons have the obvious, clear names. Besides each window accompanies with
"Help" explaining not only procedure of input, but also giving the list of all
designations used in a window.

Now, after some delayed introduction, we shall consider the input of the rigid
characteristics on an example of our frame more in detail.

Input of numerical data of rigid characteristics of a frame
The parameters of sections of columns and girders are given in a fig. 1.30.
Besides the module of elasticity of concrete B40 and densities are required.
Thus, we shall accept for our example E = 3.67 e¢6 ts / m2 and volumetric
weight 2.5 ts / m3. Further we execute the following:
we shall call a dialogue window "Section" by the command Input and choice of
rigidity from pull-down window "Rigidity" or click on the tool ? From the panel "
Connections, rigidity, loading " (fig. 1.46);
by click on the button [Add <<] we shall to call the graphic menu of the
widespread types of sections (fig. 1.47);
by double click on the image of T-beam we shall call a dialogue window "Input of
standard section " (fig. 1.48). Here we shall write in textual fields the module of
elasticity, sizes of section and densities (Pay attention that in a program complex
the densities is designated R,). All designations of the sizes of section are given in
figure of a window. If will appear questions concerning others designations, it is
possible to call [Help] by click on the button (fig. 1.49);



[OCJIE TOTO KaK IapaMeTPhl BBEICHBI, MOKHO BBIBECTH Ha SKPaH 3CKH3 MONEPEYHOTO after the parameters are entered, it is possible to deduce on the screen the sketch

ceuenwust. st aToro menkHeM no kHorke [HaprucoBats]. B okHO 3amanus ceuenns OymeT of cross section. For this purpose we shall click on the button [Draw]. In a window

BBIBEJICH YEPTEX C yKazaHueM pasmepos (puc. 1.51). Ecnu npu BBO/IE BKpagach ommoka, of the task of section the drawing with the indication of the sizes (fig. 1.51) will be

3716Ch MOYKHO MCIIPABUTh JTAHHBIC B JIFOOOM TI0JIE, YCTAHOBHB KYPCOP IEITYKOM MBIIIIH; deduced. If at input there was a mistake, here it is possible to correct the data in any
field, having established the cursor by click of the mouse;

HE3aBHCHMO OT TOTO, BBIBOJWJIM MBI OCKH3 CEUCHHs Ha OKpaH WIH HET, irrespective of, whether we deduced the sketch of section on the screen or not,
3aKaHYMBAETCSl BBOJ XapaKTepUCTHK MienukoM 1o kHomke [[loareepauts]. OxHO the input of the characteristics by click on the button comes to an end [Confirm]. The
«3aJaHue CTaHAApPTHOTO CEYEHMsD» 3aKPOETCs, a B JICBOH YacTH OCHOBHOIO OKHa, B window " Input of standard section " will be closed, and in the left part of the basic
cnucke mojx HoMepoMm 1, mosBuTca xkecTkocTh «TaBp T12x80». DTo o3Hauaer, 4To window, in the list under number 1, the rigidity "T-beam T12x80" will appear. It
JKECTKOCTHBIE XapaKTEpPUCTUKU TaBpa BBEACHBI. Bce HE0OXOoaMMBblE T€OMETpHYECKHE means, that the rigid characteristic of T-beam is entered. All necessary geometrical
xapaktepuctuku (A, ly W ToMy mnomoGHOE) B 3TOT MOMEHT YK€ BBIYHCICHBI characteristics (A, ly etc.) at this moment are already calculated by a program
MIPOrPaMMHBIM KOMIUICKCOM. complex.

1.48. A dialogue window " Input of standard section "

Puc. 1.48.

=

Juanozosoe okno «3adanue cmandapmnozo ceveHusy Fig.

Jnanorooe okHO «CeveHne» MPea0CTaBIsSeT MOJb30BATE0 BO3MOXKHOCT! Dialogue window "Section™ gives to the user an opportunity:

*  IPOCMOTPETH MAPaMETPhI KECTKOCTH M3 CIMCKa - KHomnKa [[IpocmoTp«]; to see parameters of rigidity from the list - button [Viewing <<J;

*  U3MCHHTH [IapaMeTpPhl BBEJICHHOW B CIIMCOK JKECTKOCTH - KHOIIKA [3MeHUTh«]; to change parameters of the rigidity, entered into the list - button [Change <<[;
*  YAaJUTh XKECTKOCTb U3 CIIHCKA - KHOIKA [ Y TaJUTh]; to remove rigidity from the list - button [Delete];

* KONHMPOBaThb B CIHCOK Y)K€ HMEIOIIYIOCS B HEM JKECTKOCTh - KHOIIKa to copy in the list rigidity, already available in it - button [Copy].
[KommmpoBanwue].



lNodzomoska modenu
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Tasp ¢ nonkou ceepxy

B ovanoroeor NnaHen 2agak oA NapameTpel MeCTHOCTH,

-MOAYTE YNEYTOCTH (E)

-redreTpHYSCKHE paamMepkl cedeHrA Taepa (B, H, BT, HT)

-k02hMUMEHTEI HECTKOCTH YNPYIoro OCHOBAHWA Ha CHaTue
(CT)vHa copur (C2)

“yAeneHLIR BeC MaTeprana (Ro)

-NEPEKMHIYEHHEM COCTORAHWA KOHTRONEHOR KHOMKA
HaZHAYa8TCH MNKH OTMEHASTCA YYET CABHMA NPH pacyeTe

-NEPEKMHIYEHHEM COCTORAHWA KOHTRONEHOR KHOMKA
HAZHAYAETCA YYeT HENMHEAHOCTH MK 3TOM OKHO 2a0aHKA
MOAYTIA YNPYTOCTKH OTHNKOYASTCA, 8 aKTMEHLIMW CTAHOBATCA
kHOMkW MMapamempbl Mamepuana v Mapamemps!
apMamypst)

Yiaaae Ha KHoNKY Hapucogams, MOHHO YEMETE SCKM3
CO4ABASMOTD CEYSHHA CO BCEMH DAZMEepanmi.

Puc. 1.49. Cnpasxa k 0uano2o8omy oxHy «3a0anue cmanoapmuo2o ce4eHus»

OTMeTM HEOOBIYaliHYIO ITOJIE3HOCTH OTepaIiii KOoMpoBaHus. Eciin Hy>KHO BBECTH
JAHHBIC NI HECKOJNBKUX OJHOTHITHBIX JKECTKOCTEH (a 3To OBIBaeT OYeHb YacTo), TO
ClelyeT CKONHPOBaTh OTMEHEHHYIO IPEIBAPUTENFHO JKECTKOCTh B CIHCOK, 3aTeM
OTMETUTh KOMHIO, KHONKON [M3MeHuTh«] BBI3BaTb JOUAIOIOBOE OKHO «3aJaHue
CTaHJIAPTHOTO CEYCHHSI» U B HEM W3MEHHUTH HYKHBIC ITApaMeTPHL.

MMeHHO Tak HaMu OBLITM BBEACHBI )K€CTKOCTH 2, 3,4 (cM. puc. 1.47).

Tenepb, 4TOOBI 3aKOHYUTH ISl HAILIETO TpuMepa 3Tan «BBOjA YUCIOBBIX JAHHBIX
JKECTKOCTHBIX XapaKTEPUCTHK», BBEIUTE MapaMETPbl TPEX OCTABIIMXCS KECTKOCTEH
CaMOCTOSTENBHO.

Ha3nauyenue Tekyuiei :KecTKOCTH

Oto o4eHp mpoctas onepanusi. OAHY U3 KECTKOCTEH B JUAJOTOBOM OKHE «3aJaHue
CTaHJApPTHOTO CEYEHMs» OTMEYAIOT MIENTYKOM MBIIIM IO KHONKE [YCTaHOBUTH Kak
Tekymuii tumn]. OTMeueHHass >KECTKOCTh 3aHOCHTCS B BEpXHEE TEKCTOBOE IOJie
«Texymuil Tun ceuenus». Tenepb HYKHO WIENKHYTh N0 KHomke [[lonTBepauTs] u okHO
3aKpoeTCsl, a OTMEUYEHHasl )KECTKOCTh cuuTaeTcs Tekyueil. B namem npumepe 1 - Tasp -
T 12x80.

IIpucBoeHue BLIOPAHHBIM dJIeMEHTAM TeKylIel KeCTKOCTH

Janee cnemyroT 1Be OINEpanuy: BBIOOP 3JIEMEHTOB W IPUCBOCHUE MM TEKYIIEH
KECTKOCTH. DTO TakkKe TPOCThIE OMNEpalrd, HO TMPEeXJIE 4YeM WX BBITIOJHUTD,
MepeprUCyHTe CXeMy Ha IKpaHe, KaK 3TO PEKOMEHIYeTCs] HHXKeE.

Preparation of model
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Taep ¢ nonkou ceepxy

E Onancroeod naHeni 2a4atTA NapamMsTpel MeCTHOCTH,

-MOOYNE YNPYTOCTK (E)

-re0MeTpHYeCKHe pasMepel CedeHWA Taepa (B, H, BT, HT)

-KO3 P HUNMEHTEI HECTHOCTH YN TOMO OCHOBAHWA Ha CHATWE
(CTyvHa caewr (C2)

~yaenbHeIA BeC MaTeprana (Ro)

-NepeHNYEHEM COCTOAHWA KOHTRONEHOR KHOMKA
HaZHEYEETCA WNKW OTMEHASTCA YYeT COBWMa MK pacyeTe

-NepeHNIYEHEM COCTOAHWA KOHTRONEHOR KHOMKA
HAZHAYAETCA YT HEMWHEHHOCTH INPKH STOM OKHO 3a0aHKA
MOOYTIA YTPYTOCTH OTKNOMAETCA, 8 AKTMEHEIMKW CTAHOBATCA
kHOMKW MTapamemps! mamepuana v Mapamempest
apmamypei)

Yiazae Ha khonky Hapucoeambs, MOHHD YBWIETE 3CKM3
CO308B3eMOr0 CEYEHWA CO BCeMH DA3MEpani.

Fig. 1.49. The information to a dialogue window "Input of standard section»

Let's note extraordinary utility of operation of copying. If it is necessary to enter
the data for several same rigidity (it happens very much frequently), it is necessary
to copy the cancelled previously rigidity in the list, then to note a copy, by the
button [Change<<] to cause a dialogue window " Input of standard section " and
change the necessary parameters in it.

So by us were entered the rigidity 2, 3, 4 (see fig. 1.47).

Now, to finish for our example a stage «Input of numerical data of the rigid
characteristics", enter parameters of three stayed rigidity independently.

Assignment of the current rigidity

It is very simple operation. One of rigidity in a dialogue window " Input of
standard section " should be marked by click of the mouse on the button [Establish
as the current type]. The marked rigidity is written in the top textual field "Current
type of section”. Now it is necessary to click on the button [Confirm] and window
will be closed, and marked rigidity is considered as current. In our example 1 — T-
beam - T 12x80.

Assignment to the chosen elements of the current rigidity

Two operations further follow: a choice of elements and assignment to them the
current rigidity. It also simple operations, but before them to execute, redraw the
scheme on the screen, as it is recommended below.



Inasa 1. Beeoenue 6 mexuuxy modenuposarnus ¢ IIK JIMPA

i fallaHme « LU AP IHOTO ceYe st

Puc. 1.50. Dckus ceuenus, goriuepuenuvlii N0 66e0eHHbIM OAHHBIM

Cogem. Ilpexxne 4yeM NpUCBauBaTh JJIEMEHTAM JKECTKOCTH, YCTAHOBUTE B IMOJMEHIO
«®narn pucoBaHuss» (cM. puc 1..37) ommuro «THIBI KBCTKOCTEI», OTKIIOYMB HOMEpa
Y3JI0B M JIEMEHTOB, W BbInoyiHUTe KomaHay IlepepmcoBats Teneps Ha cxeme OynyT
OTpakaTbCd HOMEpa KECTKOCTeH, NpPUCBOEHHBIE 31eMeHTaM. Honb o3HauaeT, 4rTo
JJIEMEHTY HE  TIPUCBOEHA JKECTKOCTh (puc.1.51).

[IpucBonM TEKyIIyI0 KECTKOCTh PHTENIO C MpojeToM 18 M, Kak 3To Tpedyercs 1o

The chapter 1. Introduction in technique of modeling in PC LIRA

b fanadme o LAHIGPpIHO[O ceYde st

Fig. 1.50. The sketch of thé sections drawn on entered data

Advice. Before appropriation to elements the rigidity, establish in a submenu " Flags
of drawing " (see fig 1 .37) option " Types of rigidity ", having turned off numbers of
units and elements, and execute a command Redraw. Now on the scheme the
numbers of rigidity, appropriated to elements will be reflected. Zero means, that to
an element the rigidity is not appropriated (fig. 1.51).

Let's appropriate the current rigidity to girder with span 18 m, as it is required



3aJJaHUIO
*  OTMETHM JJIEMEHT PUTeJLs;
* u3 HUcnajgawoomero MeHo <«OKectkocTb» BBemeM KomaHny HasHauuts
JKeCTKOCTD.
Teneps purens uMeet sxecTKOCTh Nel. CBHIETENBCTBO STOMY - HOMEP KECTKOCTH Ha
cxeme pamsl (puc. 1.51).
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Puc. 1.51. Cxema ¢ yrasanuem munos scecmrocmu

Ecnu B mporiecce NMpUCBOSHUS KECTKOCTEH BBI 3a0bLTH, Kakas W3 HHUX SBISIETCS
TEKYyILIeH, Hy>kKHO BBecTH U3 MeHIo «KectkocTu» komany MHgopmanus o skecTKOCTH.
Byzer BbIBElIEHO AMAIOrOBOE OKHO, COJEpIXKAIEe ACKU3 CEUYEHHs U IKECTKOCTHBIE
TapaMeTpsl.

Jlanee caMOCTOATENBHO, MOXAINyHCTa, HMPUCBOWTE JKECTKOCTb 2 BCEM pHIENsM,
nMeromuM mposer 6 M. Ha cxeme (puc. 1.51) Hynu, moka3siBaromie HOMEpP KECTKOCTH
3JIEMEHTOB PUTeJIeH, JOJKHbBI 3aMEHUTHCS ABOMKAMU.

Uro xe KacaeTcsl 3JIEMEHTOB CTOEK, TO MM Ha3HA4MM >KECTKOCTh B CIEAYIOILIEM
paszerne, ocie Toro kak OyayT BBEJICHbBI MOHITHS TTI00aTbHBIX U MECTHBIX OCEH.

1.3.10. I'no6anbHbIe, MECTHBIE U JIOKAJIbHbIE CHCTEMbI KOOPAMHAT

Pacuernsie cxembl n nx komrnoHeHTH B [IK JIMPA omuceIBaloTCst B KOOPAMHATHBIX
0CSIX TPEX TUIIOB: 2100AIbHbIX, MECHIHBIX U JIOKAbHBIX.

Ot crnenuduUeckrue TOHATHS CBsi3aHBI C OCOOCHHOCTSIMU  (hopManM3anuu
pacueTHON CXeMbl B METOJIE KOHEUHBIX 3JIEMEHTOB U HE ABIIAIOTCS YEM-TO HOBBIM. Peub
HAET O TOM, Kak CBSI3aHA CXEMa U €€ KOMIIOHEHThl B I€JIOM C IpUMEHseMOH
KOOpAMHATHON cucTeMoil. Bce Ha3BaHHBIE CHCTEMBI KOOPJAMHAT SBJISIOTCS MPaBBIMU
JI€KapTOBBIMH.

under the task
e we shall note an element of girder;
e from the pull-down window "Rigidity" we shall enter a command Nominate
rigidity.

Now girder has rigidity # 1. The certificate to this is number of rigidity on the
scheme of a frame (fig. 1.51).

4
T
|
Fig. 1.51. The scheme with the indication of types of rigidity

If during assignment of rigidity you have forgotten, what from them is current,
the command Information about rigidity is necessary to enter from the menu
"Rigidity". The dialogue window containing sketch of section and rigid parameters
will be deduced.

Further independently, please, appropriate rigidity 2 to all girders, which have
span 6 m. On the scheme (fig. 1.51) zeroes showing number of rigidity of elements
of girders, should be replaced by two.

As for elements of racks, we shall nominate rigidity to them in the following
section, after the concepts of global and local axes will be entered.

1.3.10. Global, local and local systems of coordinates

The settlement schemes and their components in PC LIRA are described in
coordinate axes of three types: global, local and local.

These specific concepts are connected to features of formalization of the
settlement scheme in a method of final elements and are not something new. The
speech goes how the scheme and its components as a whole is connected with used
coordinate system. All named systems of coordinates are right Cartesian.



I'1odanbHas cucrema koopaunar X,Y,Z
npeJHa3HaYCHa JJIs OMUCAHUSA PACUCTHOW CXEMBI B IEJIOM. B rio0OanpHOW cucteme
KOOpJMHAT 3aJaeTcs IOJIO)KEHUE Y3JIOB pacueTHOW cxeMbl. [lo yMomuaHUIO Y3IIbI
pacUeTHON CXEeMbl UMCIOT CTEICHH CBOOOJBI, COBIAJAIOIIAC C HAMPABICHUSIMU OCCH
I00ANTBEHOM CUCTEMBI KOOPIUHAT.

Tloozomoexka mooenu

Ilonp3oBatento He 00s3aTeNPHO IIOMHHUTH, KaK PACIOJIOKEHBI MECTHBIE OCH
OTHOCHUTEJIFHO TJ00aNbHONH CHCTEMBL. B mHporpaMMHOM KOMIUIEKCE IIPEAYyCMOTpEHa
KOMaHJa MecCTHBIE OCH CTEp)KHEH, JOEMOHCTpHpYMOLas HampaBlIeHHEe OCed Ha
reoMeTpudeckod cxeme wmogenu. KoManma pacnonokeHa B HHCHAOAIOMEM MEHIO
«Onmun», noaMeHto «®Pmaru pucoBaHus» (cM. puc. 1.37). Ee MOXHO BBI3BaTh C
IIOMOIIIBI0 MHCTPYMEHTA | w3 mawenn «®naru pucoBanus». IloskcnepuMeHTUPYHTE C
KOMaHZ0i MeCTHBIE OCH CTep KHE:

* OTMeThTe nepByo cToiiky pambl (h=18 M) u purens (L=18 m);

* BBeAMTE U3 NoaMeHI0 «dDjaru pUCOBaHMA» HUCHAJAIONIETO MeHI0 «Omum»
KoMaHAy MeCcTHbIE OCH CTep:KHeH;

* BBeauTe koMaHAay IlepepucoBaTh TOJILKO 1/l 0TMEYEHHOTO.

B pesynpraTe BHI MONydyUTe Ha DKpaHE UYEpTeX, MOHNOOHBIA puc. 1.53. Pasxmma
3aKIII0YaeTCsl B TOM, YTO Ha3BaHMS MECTHBIX OCEH He MPOCTaBIAIOTCA Ha dyeprexe. Ocu
UICHTU(HUIUPYIOTCS 3/1€Ch TI0 IBETY JIMHUH.

JlokaJibHasi cucTeMa KOOpAUHAT y3aa X2,Y2,7.2
3amaeTcd OOBIYHO B TOM CIydae, €CIM B y3JaX MPHUKIAABIBAIOTCA HArpy3Kd WIN
HAJIaratoTCsl CBSI3H, HANPAGIeHUs KOMOPLIX He COBNAdarom ¢ HanpasieHuem 2100an1bHbixX
oceti. VIHOT1a TIO/Ib30BATENN IPUMEHSIIOT JIOKAJIbHYIO CUCTEMY KOOPJHMHAT y3J1a U3 MHBIX
coo0OpakeHH, HampuMep, 4TOOBI MONYYUTh HEPEeMELIeHHs y3Ja B HalpaBIEHUSIX, HE
COBIAAAOMINX C HAIPABJICHUAMMU I'JTaBHBIX oceit.

ITo ymouaHuIoO 0OKanbHas CHCTEMa KOOPAMHAT COBMAAAET C TI100AIBHOM.

Tepmunonozu}l. HpaBaﬂ JACKapTOBa CHUCTEMa KOOpAWHAT, CBsA3aHHAad C OTACJIbHBIM
y3JI0M, Ha3bIBACTCA JIOKANbHOIL.

Uto06b1 chOpMHUPOBATH JIOKAIBHBIE KOOPAMHATHI B y3JIe, HEOOXOMMUMO 3aJaThCs
r100anbHBIMHA KOOPAMHATAMU HEKOW TOUKH A, U3 KOTOPOH K TpeOyeMoMy y3ITy MponaeT
oce X2. Ilpu sToM, Mo yMom4aHWio, ocb Y2 OyzaeT mapajuielibHa T'OPHU30HTAJILHOM
wiockoct XOY, a ock Z2 Oyner HampaBieHa B BEpXHee MoJynpocTpancTBo. Eciu xe
ock Y2 1o BamieMy MHEHHUIO HE JIOJDKHA OBbITh mapauienbHa mrockoctd XOY, To Bam
HEeoOX0MMO 3a/1aTh ellle U yroi noBopora ocei Y2,Z2 BOKpyr ocu X2.

Global system of coordinates X, Y, Z
is intended for the description of the settlement scheme as a whole. In global system
of coordinates the situation of units of the settlement scheme is set. By default the
units of the settlement scheme have degrees of freedom which coincide to directions
of axes of global system of coordinates.

Preparation of model

It is not necessary for the user to remember, how the local axes concerning
global system are located. In a program complex the command Local axes of bars
demonstrating a direction of axes on the geometrical scheme of model is stipulated.
The command is located in the pull-down window "Option", submenu " Flags of
drawing " (see fig. 1.37). It can be caused with the help of the tool T from the panel "
Flags of drawing ". Experiment with a command Local axes of bars:

e note the first bar of a frame (h=18 m) and girder (L=18 m);
e enter from a submenu " Flags of drawing " of the pull-down window "Option" a
command Local axes of bars;
e enter acommand Redraw only for marked.

In result you receive on the screen the drawing similar fig. 1.53. The difference
consists that the names of local axes are not put down on the drawing. The axes are
identified here on color of lines.

Local system of coordinates of unit X2, Y2, Z2
is set usually in that case if in units loading are put or the connection are imposed,
directions of which do not coincide with a direction of global axes. Sometimes users
apply local system of coordinates of unit from other reasons, for example, to receive
moving of unit in directions which are not coincide with directions of the main axes.

By default the local system of coordinates coincides with global.

Terminology. The right Cartesian system of coordinates connected with separate
unit, is called as local.

To generate local coordinates in unit, it is necessary to be set in global
coordinates of a certain point A, from which to required unit will pass an axis X2.
Thus, by default, the axis Y2 will be parallel to a horizontal plane XOY, and the axis
Z2 will be directed in upper semi-space. If the axis Y2 in your opinion should not be
parallel to a plane XQOY, it is necessary to you to set also an angle of rotation of axes



JlokanbHasi cucTeMa KOOpJHMHAT y3Jla OKa3bIBaeTCS BecbMa yIOOHOHW NIpH pacdere
OWIMHAPUIECKUX WM cheprdecKnx OOBEKTOB A 3aJaHWs CBA3CH M HATPY30K IO
panuansHBIM M KacaTeNbHBIM HAIlPaBICHHUSM, a TAK)Ke aHaJIN3a IIepeMeIIeHHUI.

B Hamem npumepe HET HEOOXOAMMOCTH HCIIONB30BATh JIOKAIBHYIO CHCTEMY
KOOpAHWHAT

Jepyssas | |
f 1 1
3 4
3 1 2 2
] 4 4
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Puc. 1.53. Cxema pamvl u Homepa munog sHecmrKocmu

1.3.11. 3aganue BHEIHMX CTATHYECKUX HATPY30K

B nporpaMMHOM KOMIUIEKCE €CTh BOSMOXKHOCTE 3a/1aTh IPAKTHYECKH BCE M3BECTHHIE
BUJIbl CTATUYECKUX HArpy30K M JUHAMHUYECKUX Bo3neicTBuil. [lepeuncnum BaxkHennue
THIIBI HATPY30K, MPETYCMOTPEHHEIX B IPOTPAMMHOM KOMILIEKCE:

* IOCTOSIHHBIE Harpy3KH OT COOCTBEHHOI'O Beca KOHCTPYKIIHIA;

* BpEMEHHBIC CTaTHYECKHE Harpy3kM BCeX BHJIOB (COCPEIOTOYCHHEIE,
pactipe/ie/ieHHbIe, MOMEHTHBIE U T.1.), IPHJIaraeMble B y3J1aX WU 110 00J1aCTH 3JIEMEHTa,

* JMHAMHYECKHE HATPY3KH YAapHbIE, UMITYJIbCHbIE, BHOPAllMOHHbIE;

* JMHAMHYECKHE CEHCMHMYECKHE HArpy3kd, B TOM  UHUCIE
aKceyneporpaMmon;

* HarpysKH, BbI3BaHHBIE IIEPEMNAOM TEMIIEPATYP;

* HarpysKH, BbI3BAHHBIE BBIHYKJICHHBIMU IIEPEMELICHUAMU.

B sTOM pasnene BB MO3HAKOMHTECh C MPABWIAMH 3aJaHHS BCEX IMOCTOSHHBIX H
BPEMCHHBIX CTaTUYCCKHUX HAIrpy30K.

PaccmoTpuM 3amaHWe Harpys3ok, HCHOJB3yS NpuUMep pambl. Harpyskm omHOTO
pacueTHOro 3arpy’keHus HpuBeAeHbl Ha puc. 1.54. Bymem momarath, 4To Harpy3ku
comepxar Bce HeoOxonuMmbie Kod(D(HUIIMEHTH HAIE)KHOCTH. 3HAYEHHE HArpy30K OT
COOCTBEHHOTO Beca 3JIEMEHTOB paMbl Ha puc. 1.54 He NMpHUBEICHBI, T.K. MPOTPaMMHBII
KOMILIEKC aBTOMATHUYECKU BBIYMCISIET OTH 3HAUYEHUS B COOTBETCTBUM C Ha3HAYEHHBIMU

3a/IaHHBIC

Y2, Z2 around of an axis X2.

The local system of coordinates of unit is rather convenient at calculation of
cylindrical or spherical objects for input of connections and loading on radial and
tangent directions, and also analysis of moving.

In our example there is no necessity to use local system of coordinates.

Fig. 1.53. The scheme of a frame and numbers of types of rigidity

1.3.11. Input of external static loading

There is an opportunity to set practically all known kinds of static loading and
dynamic influences in a program complex. Major types of loading stipulated in a
program complex are:

e constant loading from own weight of designs;

e temporary static loading of all kinds (concentrated, allocated, moment etc.),
applied in units or on area of an element;

e dynamic loading shock, pulse, vibrating;

e dynamic seismic loading;

e loading caused by changing of temperatures;

e loading caused by forced moving.

In this section you will get acquainted to rules of input of all constant and
temporary static loading.

Let's consider input of loading, using an example of a frame. Loading of one
settlement loading are given in a fig. 1.54. Let's believe, that loading contain all
necessary factors of reliability. Value of loading from own weight of elements of a
frame in a fig. 1.54 are not given, since the program complex automatically
calculates these values according to the nominated cross sections and given densities
(see fig. 1.30).



NOTEPEYHBIMU CCUYCHUSIMU U 3aaHHBIMH YACIbHBIMU BecaMu (cM. puc. 1.30). Loading are set with the help of dialogue windows which are caused by
3amar0oTcss HArpy3KH C TOMOIIBIO JTHAIOTOBBIX OKOH, KOTOPBIC BBI3BIBAOTCS commands of the pull-down window "Loading" (fig. 1.55).
KOMaHiaMH Hucnaaaromiero mexio «Harpyskuy» (puc. 1.55).
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Puc. 1.55. Hucnanatouiee mento «Harpysku»

AKTHEHOE 3ATPY:ReHHE

Howen  [1 = [2] [ X[ 2]

Mran |3ar|:-g:a+<EHHe 1

Puc. 1.56. [IlnanoroBoe okHO «AKTUBHOE 3arpyKEHUE»

Kak Tonbko KOMaHa BBC€ICHA, BCC DJICMCHTDLI 3aIpYKAat0TCA HArpy3KkaMu,

UM COOTBETCTBYIOIIUMMU. Yr1oOnI Y6CJII/ITI>C${ B ODTOM, BBITIOJTHUTC AJIsA

IIpUMepa paMsl CIEAYIOLIEE:

* B MeHI0 «Dnaru pucoBaHus» BKIOUNTE omiuio «Harpyskm

@);

(MHCTpYMEHT

* BBenuTe koMaHay Jl00aBUTH COOCTBEHHBIH Bec.
Ha sxpan OyneT BeiBe/leHa Takasi cxeMa, Kak MoKa3aHo Ha puc. 1.57.

Ha cxeme paBHOMEpHO pacnpeselieHHass Harpy3ka TOpPHU30HTaJIbHBIX
AJIEMEHTOB M300pakeHa CIUIONIHON MPsIMOM, Harpy3Ka KOJIOHH MOKa3aHa B

BHUIC COCPEAOTOUCHHBIX CHIIL.

Fig. 1.55. The falling menu "Loading"

AKTHEHOE 3ATPY:ReHHE

Howen  [1 = [2] [ X[ 2]

Mran |3ar|:-g:a+<EHHe 1

Fig. 1.56. A dialogue window « Active loading »

As soon as the command is entered, all elements are loaded by loadings,
them corresponding. To be convinced of it, execute for an example of a

frame the following:

* in the menu « Flags of drawing » include an option "Loadings" (tool

@);

« enter a command To add a dead load.

On the screen such scheme, as shown in fig. 1.57 will be deduced.

On the scheme in regular intervals distributed loading of horizontal
elements is represented by a continuous straight line, loading of columns

is shown as the concentrated load.




Puc. 1.57. Cxema 3arpyxeHusi paMbl Harpy3kamu OT COOCTBEHHOTO Beca
3JIEMEHTOB.

HpI/I KEJIaHUuHK, Ha CXEME MOXHO IIOKa3aTb 4YHCJIICHHBIC 3HA4YCHHA
Harpysok. I[J'IH 9TOI'0 JOCTAaTOYHO BKIKOYUTL B MCHIO «Dnaru PUCOBAHHA

i
onuuio «llokazarh BeNWYMHBI HArpy30K» (MHCTPYMEHT ). Ecmu
OKaXXeTcs, 4TO LUQPHI ABYX COCEOHMX HArpy3oK HAIloJ3al0T OJHA Ha
JIPYTYIO U UX HEBO3MOXKHO IPOYECTB, POJETIANTE CIeNyIOIIEe:

» IIEJNKHHTE 10 KHOTIKE [ Pe)XUM yBETMYeHNUs CXEMBI | B [TaHEIN
UHCTPYMEHTOB «Bun»;

» KypcopoM BO3BMHTE B PaMKy HYXXHBIH y3el, Harpumep, y3em 12.
Kak Tonpko KHOIKa OyAeT OTIylleHa, Ha 3KpaH Oy/eT BbIBEJECHA
OTpaHMYEHHAasl PaMKOM 4acTb CXEMbl B YBEIMYEHHOM BUJE, I'JIE

Bce LUdpsl OyayT ynTaeMsbl (CM. BBIHOCKY Ha puc. 1.57).

YT00BI BCPHYTHCA K UCXOAHOMY I/I306pa)KeHI/IIO CXEMBI, IICJIIKHUTC I10

cocenqHell kHomke [ Bo3Bpar k mosiHoMy M300pakeHHIo | B [TaHEN
WHCTPYMEHTOB «Bu».

[Ipu nmomeITKe 3a7aTh HArpY3KH OT COOCTBEHHOTO BECa, HAa DKPAaHE MOXKET
nosIBUTHCS coooOtenue (puc. 1.58) «OOHapyKEHBI SJIEMEHTHI C
HEKOPPEKTHOM KECTKOCTBION.

Fig. 1.57. The loading scheme of frame by a dead load of elements.

At desire, on the scheme it is possible to show numerical values of
loadings. For this purpose it is enough to include in the menu «Flags of

drawing» an option «To show value of loadings » (tool i ). If appears,
that figures of two next loadings crawl one over another and they cannot
be read, do the following:

> click the button [the Mode of the scheme enlargement] @ in
the panel of tools "View";

> the cursor take in a framework the necessary joint, for example,
joint 12. As soon as the button will be released, on the screen the
part of the scheme limited to a framework in the enlarged view
where all figures will be readable (see the note to fig. 1.57) will be
deduced.

To return to the initial view of the scheme, click by the next button

[Return to the full view] in the panel of tools "View".

At attempt to set loading from a dead load, on the screen can appear the
message (fig. 1.58) "Elements with incorrect rigidity are found out".



OBHapYM#EH bl SAEMEHT bl C HEKOPPEKTHON MECTKOCTHIO.

Mpexynpesgenue

Puc. 1.58. Ilpenynpexaenue.

DT0 co00IleHrEe 03HAYaeT, YTO B OAHON U3 KECTKOCTEeH (a MOKET ObITh U
B HECKOJIbKMX) HE€ 3aJaH yJENbHbI BeC MaTepuaia 3jieMeHTa. B stom
Cllydae y Bac HET JAPYroro BBIXOJA, KaK BbI3BATh JHAIOTOBOE OKHO
«CedeHue» U, NOCIEAOBATEIbHO OTMEYass KaXKIYI0 W3 JKECTKOCTEH ¢
nomoniblo kHonku «lIpocMoTp», MpoBepsATh MapamMeTpbl B TOUCKAX
HE3aroJHEHHOTO TeKCTOBOTO 1oJist Ry (cm. puc. 1.49).

Bnpouewm, Takoe ke COOOIIEHHE MOXET MOSBUTHCS, €CIU OAHOMY (WM
HECKOJIbKMM) 3JIeMEHTaM BOOOIIe HE MIPUCBOEHA KEeCTKOCTh. OOHAPYKUTh
9Ty OMMOKY JIETKO: HY)KHO Ha CXeMe I0Ka3aTh HOMEpa KECTKOCTEH
9JIEMEHTOB. JIEMEHTBhI, KOTOPHIM HE MPHUCBOEHA >KECTKOCTh, HMEIOT
&KecTKOCTh 0.

3akaHuuBas 3aJaHUE HArpy30K OT COOCTBEHHOIO Beca, 0OpaTUM Baile
BHUMaHME Ha TO, YTO B HUCHajarouieM MeHio «Harpyskun» ectb komaHaa
Yaanuth co0cTBeHHbIN Bec. JTa KOMaH/1a HEAKTUBHA JI0 T€X MOp, MOKa
B TEKYILEM 3arpy’KeHUH He 3ajlaHa Harpys3ka oT COOCTBEHHOIO Beca (pHuc.
1.55). C aToro MOMeHTa CTAaHOBUTCS HEAKTUBHOW KoMaH/1a Jl00aBUTb... U
aKTUBU3UPYETCS KOMaH/a

YaaauTe.... Eciu BBl nonaraere, 4To B TEKYIIEM 3arpyKE€HUH Harpyska
0T COOCTBEHHOT0 Beca 3a/laHa OINO0YHO, €€ MOXKHO YIAalUTh.

3agaHue y3JI0BbIX HATPY30K.
V310BLIE Harpys3Ku: CHJIbl, MOMCHTBI, BBbIHYXJICHHBIC JIMHENHBIE WU
VIJIOBBIE TIEPEMEIEHUs] 3aaloTCsi C TMOMOINBI0 JIUAJIOTOBOTO OKHA
«Harpyskay» (puc. 1.59).

OBHapYM#EH bl SAEMEHT bl C HEKOPPEKTHON MECTKOCTHIO.

Mpexynpesgenue

Fig. 1.58. The warning.

This message means, that in one of a rigidity (and can be and in several)
specific gravity of an element material is not set. In this case you do not
have other output how to cause a dialogue window "Section" and,
consistently marking each of a rigidity with the help of button "Viewing",
to check parameters in searches of blank text field R, (see fig. 1.49).

However, the same message can appear, if to one (or to several) elements
rigidity is not appropriated at all. To find out this mistake easily: it is
necessary to show on the scheme numbers a rigidity of elements.
Elements, by which rigidity is not appropriated, have rigidity 0.

Finishing the task of loadings from a dead load, we pay your attention that
in the falling menu of "Loading" there is a command To remove a dead
load. This command is inactive until in the current loading the dead load
(fig. 1.55) is not set. Since this moment there is inactive a command To
add... The command also becomes more active

To remove.... If you believe, that in the current loading a dead load is set
wrongly, it can be removed.

The joint loads applying.
Joint loads: forces, the moments, the compelled linear and angular
displacements are set with the help of a dialogue window "Loading" (fig.
1.59).
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Puc. 1.59. JIlnanoroBoe oKHO 3aJjaHusl Y3J0BBIX HAIPY30K.

OkHo BbI3bIBacTCAd KoMmaHAoi Harpy3ka Ha y3Jbl H 3JI€MEHTHI,
MOMEIICHHOW B HHUcnajammee MeHwo  «Harpyskm».  MoxHO

5

BOCITOJIB30BaThC KHOMKOM MHCTPYMEHTa
«CBsI34, KECTKOCTH, HATPY3KH.

B 1wuamoroBoM OKHE IIETYKOM 1O PAJUOKHOINKE OTMEYAeTCsS BHUJT
Harpy3ku, HampaBJ€HHE M CHUCTeMa KoopAuHaT. B TekcToBoe moe
«3HaueHre» 3aHOCUTCS 3HAK W BEIWYMHA HArpy3Kd. 3HAK Harpy3Ku
MPUHUMAETCS 110 U3TI0KEHHOMY HI>KE MPaBUITY.

W3 MMaHCJIM UHCTPYMCHTOB

IIpasuno. IlonoxurensHble:
e cunnbl Py, Py P; HampaBieHbl IpOTHBOMOIOXKHO MOJIOKHUTEIbHBIM
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Fig. 1.59. A dialogue window of the joint loads applying.

The window is caused by a command Loading on joints and the
elements, "Loading" placed in the falling menu. It is possible to take

advantage of the button of the tool
rigidity, loadingy.

In a dialogue window click by the radio-button marks a type of loading, a
direction and system of coordinates. In a text field "Value" the sign and
size of loading will be worn out. The sign on loading is accepted by the
rule stated below.

E‘ from the panel of tools «Bonds,

Rule. Positive:
o Forces Py, Py P, are directed to opposite positive directions of



HaIpaBJICHUSAM OCE;

e mHelinble cvemenns Uy, Uy, U, coBmanarT ¢ mosnoxuTenbHbIM
HaIpaBJICHUEM OCEH;

e wmomeHTsl My, My, M; BpaiatoT 31eMeHT 10 4acoBOHl CTpeKe Ipu
B3TJIAJIC C TIOJIOKUTEIIBHON CTOPOHBI OCH;

® YIJOBBIE CMEIIEHHA @, @y, ¢; HUMEIOT HaIpaBIE€HHs HIPOTUB
YaCOBOW CTPEJIKU MPH B3IJISE C MOJOKUTEIBHON CTOPOHBI OCH.

=200
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Puc. 1.61. Pama, 3arpykeHHas yCUIMsSMHU OT COOCTBEHHOTO Beca U
TOPU30HTAJIBHOM Y3710BOM CHUIIBI.

3ajanue HArPY30K, NPHJIOKEHHBIX K DJI€MEHTY
Takue Harpys3ku 3alaloTCsi ¢ MOMOILBIO JMAJOroBOro okHa «MecTHas
Harpyska Ha aseMeHT» (puc. 1.62). BeI3piBaeTcs OKHO U3 HHUCIAJIAOLIETO

L

MeHI0 «Harpysku» komannon Harpyska Ha 3J€MEHT WM KHOIKOHN ,
IIOMEILEHHOW B MaHENb HHCTPYMEHTOB «CBsI3H, )KECTKOCTH, HArPY3KH».

axes;

« Linear displacement, Uy, Uy, U, coincide with a positive direction
of axes;

o Moments My, My, M, rotate an element clockwise at a sight from
the positive party of an axis;

« Angular displacement ¢y, ¢y, ¢, have directions counter-clockwise
at a sight from the positive party of an axis.

=200
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Fig. 1.61. A frame loaded by efforts from a dead loads and horizontal joint
load.

The task of the loadings enclosed to an element
Such loadings are set with the help of a dialogue window «Local loading
on an element» (fig. 1.62). The window from the falling menu of

"Loading" by a command Loading on an element or the button ¢
in the panel of tools «Bonds, rigidity, loading » is caused.

placed



Jaganne HArPY30R E |

w3 |47 dp e

—Harpyztu Ha cTepsHM
— CucTema koopaMHaT
" MecTHan

— HanpagneHue
% (i v Z

— T UM HarpyskM
RSN | P —
t2*C

HH

Tekyw an Harpyska

2 [X] [2]

Puc. 1.62 JluanoroBoe okHO "MecTHas Harpy3ka Ha 3JIeMEHT"

ITo cBoeil CcTpykType 3TO OKHO AaHAJIOTMYHO mpeabiaymemy. Paznuna
3aKJTF0YAeTCsl TOJIBKO B TOM, YTO 37I€Ch €CTh Tpaduueckoe MEHIO THUIIOB
Harpys3okK [Jisd BbI30BA JUAJIOTOBBIX OKOH, MPCAHA3SHAYCHHBIX JJId 3aJaHUs
Harpy30K Kaxxaoro Ttuma. JlJisi CTep>KHEBBIX 3JEMEHTOB IPEAYCMOTPEHO
3a/laHue CIIEYIONUX 8 TUIIOB HAarpy30K:

® COCpPEIOTOYEHHAsl HArPy3Ka;
Harpy3ka, paBHOMEpPHO pacrpeeieHHas 0 BCeHl JJIMHE CTEPKHS;
Harpyska, JMHEWHO pacipeiesieHHas Ha YaCTH CTePIKHS,
PaBHOMEpPHBII HATPEB CTEPIKHS;
MOMEHTHasl COCPEI0TOUEHHAs Harpy3Ka;
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Fig. 1.62 Dialogue window "Local loading on an element "

On the structure this window similarly previous. The difference consists
only that here there is a graphic menu of types of loadings for a call of the
dialogue windows intended for the task of loadings of each type. For rod
elements the task of the following 8 types of loadings is stipulated:

e The concentrated loading;

e The loading in regular intervals distributed on all length of a rod;
e The loading linearly distributed on a part of a rod,

e Uniform heating a rod;

e The moment concentrated loading;



e Harpyska OT MOMEHTa, PABHOMEPHO PacIpEIEIeHHOTO 10 BCEH
JUIMHE CTEPXKHS;

e TEMIEpaTypHBIN Iepenaz;

® [IPOJOJIbHASI HATPYy3Ka, JTUHEHHO U3MEHSIOLIASACS 110 BCEH JAJIMHE
CTEPIKHSL.

Kpome Toro, B nuanoroBom okHe «MecTHasi Harpy3ka» IpelycMOTPEHO
3aJlaHi€ Harpy3oK HeE TOJbKO JUId CTepXKHEH, HO M JUIsl IUIACTUH H
00BEMHBIX KOHEUHBIX 3J1€MEHTOB (puc. 1.62). Kaxnomy Tuly KOHEUHBIX
JJIEMEHTOB COOTBETCTBYET CBOE Ipa)MuecKoe MEHIO THUIIOB Harpys3KH,
BBI3bIBAEMOE B OKHO LIEJITYKOM 10 PAIUO-KHOIIKE.

JramoroBeie OKHA, COOTBETCTBYIOIIME KaXKJIOMY M3 THUIIOB Harpy3oK
IIPOCTHI, & UX HCIOJIb30BAHUE OYEBHUJIHO. B cxeMax AuanoroBbIX OKOH

3a/IaHKsl TTApaMETPOB HArpy30K yKa3zaHbl Bce o0Oo3Hauenus (puc. 1.64,
1.63).
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Puc. 1.63. 3aganue cocpel0TOUEHHON Harpy3KH, IPHUII0KEHHON K
CTEPIKHIO.

Jlig wiimocTpanuny, 3a1aquM COCpEA0TOUYEHHBIE HArPY3KH, IPUIIOKEHHBIE
K PUTeIIto paMbl Halero npumepa. [Iponenypa B 3ToM citydae Takosa:
® OTMEYaeTCs DIEMEHT PUTEIIs;
e  BBI3BIBAETCS IMAJIOTOBOE OKHO «MeCTHas Harpy3ka Ha 3JIEMEHTY;
® DPaauO-KHONKAMM BKIIOYAIOTCS OIIUU:

e Loading from the moment in regular intervals distributed on all
length of a rod,;

o Temperature difference;

o The longitudinal loading linearly changing along a rod.

Besides in a dialogue window «Local loading» the defining of loadings
not only for rod, but also for plates and volumetric finite elements (fig.
1.62) is stipulated. To each type of finite elements there corresponds the
graphic menu of the loading types, caused in a window click by the radio-
button.

The dialogue windows corresponding to each types of loadings are
simple, and their use is obvious. All designations are specified in scheme
of dialogue windows of the task of parameters of loadings (fig. 1.64,
1.63).
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Fig. 1.63. The defining of the concentrated loading applied to a rod.

For an illustration, we shall set the concentrated loadings applied to a
crossbhar of a frame in our example. Procedure in this case is the follow:

e The element of a crossbar is marked,;

e The dialogue window «Local loading on an element» is caused;

e By radio-buttons options are included:



e cucTteMa KOOpJuHaT - «MecTHas»;

e HampariIeHHE (Harpy3ku) - Z;

® TUII 2JIEMEHTOB - «CTep)KHINY;

® [ICTKHEM II0 IMUKTOTPaMMe COCPEIOTOUCHHON Harpy3ku. Ha skpan
Oyzer BbIBeZICHO JuanoroBoe OkHO «[lapameTpbl MecTHOM
Harpy3km» (puc. 1.63), copepxaiiee CXeMy [PUIOKECHUS
HArpy3KH W JIBa TEKCTOBBIX TOJIs: P - 17151 BBOJA 3HAYCHUS CHIIBI,
A - paccrosiHue OT JIeBOTO (110 OTHOILICHUIO K HApPaBICHUIO OCH
X1) y3na no cubl;

e BHECEM B TEKCTOBOC Iojie 3HaueHue P = 12.5 Tc u A = 6.5 M;
Kypcop TepeMeniaeTcsi U3 0JJHOTO MO B IPYTO€ MISTIKOM MBIIIH,
HO Ooiee ymoOHBIM B 3TOM Ciiy4ae OyAeT HCIIOJIb30BaHHUE
kiaBuim [ Tab];

e menkHeM o kHomke [[loaTBepauts]. OKHO ynaisieTcst ¢ dKpaHa,
Ha CXEeMe MOSBIISIETCS BepTUKabHas cuia (puc. 1.68).

Kak Buaurte, B OIMH NpPHEM MOXHO 3a/1aTh TOJIBKO OHY cuiy. Temnephb
CaMOCTOATENIBHO 3aJaiTe, IMOXalyicra, BTOpYyO cuiy. lIpu s3TOoM He
3a0yJbTe, YTO PAacCTOSIHUE «A» 3a7aeTcsl OT IepBOTo (B HAIIPABICHUU OCH
X1) y3na. Tenmepp A = 11.2m. Korma BBl 3amaguTe BTOPYIO CHITY,
BEPTHUKAJIbHBIE COCPEJOTOUECHHBIE HArPY3KH JOJDKHBI BBIIVISIETh TaK, KaK
Ha Hariem puc. 1.68.

Jlanee 3agaiiM paBHOMEPHO pacrpe/IelICHHYI0 BPEMEHHYIO Harpy3Ky g =
2.7 Tc/m.

Takast Harpys3ka 3agaercs cpa3dy e Ha Bce TpeOyeMble 3JIE€MEHTHI,
MO3TOMY OTMETUM 4 DJJIEMEHTa, 3arpy)KeHHbIX Harpy3kol i (cMm.
puc.1.54). B ocransHOM mporeaypa He OTIUYaeTCsl OT OMUCAHHOW BBIIIE,
HO, KOHCYHO XK€, HaJ0 BbI3bIBATh JHUAJIOIOBOC OKHO «HapaMeTpLI
MECTHBI Harpy3Ku», COOTBETCTBYIOIEE PAaBHOMEPHO paclpeleleHHON
Harpy3ke (puc. 1.64). He 3a0ynpre BKIIOUMTH omnuuu: Cucrema
KoopauHat - «MectHas» u «HanpaBnenue» - «Z».

o System of coordinates - "Local";

e Adirection (loadings) - Z;

e Type of elements - "Rod";

o We shall click under the pictogram of the concentrated loading.
On the screen the dialogue window «Parameters of local loading »
(fig. 1.63), containing the scheme of the appendix of loading and
two text fields will be deduced: P - for input of value of force; A -
distance from left (in relation to a direction of axis X1) joint up to
force;

e We shall bring to a text field in value P = 12.5 ton-force and A =
6.5 m; the cursor moves from one field to another click of the
mouse, but use of a key [Tab] in this case will be more convenient;

e We shall click by the button [To confirm]. The window leaves
from the screen, on the scheme there is a vertical force (fig. 1.68).

As you can see, in one step it is possible to set only one force. Now
independently set, please, the second force. Thus do not forget, that the
distance "A" is set from the first (in a direction of axis X1) joint. Now A =
11.2m. When you will set the second force, the vertical concentrated
loadings should look how on ours fig. 1.68.

Further we shall set in regular intervals distributed time loading g; = 2.7
ton-force/m.

Such loading is set at once on all required elements, therefore we shall
note 4 elements loaded by loading g; (see fig.1.54). In the rest procedure
does not differ from described above, but, certainly, it is necessary to
cause a dialogue window «Parameters of local loadings», corresponding
to in regular intervals distributed loading (fig. 1.64). Do not forget to
include an option: System of coordinates - "Local™" and "Direction™ - "Z".
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Puc. 1.64. 3ananue Harpy3ku, paBHOMEPHO PACHPEIEICHHOM MO JUIMHE
CTEPKHS.

Jlanee 3amaquM paBHOMEPHO paclpeeiCHHY0 Harpy3ky g, = 1.8 Tc/m.,
NPUIIOKCHHYIO K PUTEIIO IEPEKPBITHUSI.

3aKOHYUM ATOT pas3fiell, 3aJlaB JUHEHHO pachpeesieHHYI0 Harpy3ky Ha
4acTH DJJeMEeHTAa. B HamieM mnpumepe 5TO BPEMEHHAs Harpyska co
3HaueHussMu P1 = 0.18 tc/Mm, P2 = 0.12 tc/M u npussizkamu A; = 0.0M, A
= 6.0m cooTBeTcTBeHHO. Harpyska npuiioxkeHa K J€BOM CTOWKE paMbl.

Uto0b! 3a1aTh HArpy3Ky, IPEXkAE BCEro BBIICHUM, KaK OPUEHTHUPOBAHBI
MECTHBIE OCH JIEeBOW CTOWKH pambl (31emeHT 12, ero y3usl 10 u 1). s
3TOTO BBIIIOJHUM CIIEYIOLIEE:
® OTMETHM JIEBYIO CTOMKY paMbl U €€ JIBa Y314,
e B noaMmeHw «@iarn pucoBaHus» BKIouuM onuun «Homepa
y3JI0B» U «MECTHBIE OCH CTEPIKHEIN»;
e U3 HUCHajarwouero MmeHro «Buay BBeneM komanny IlepepucoBarts
TOJIBKO /ISl 0TMEYEHHOI0.

B pesynbrare momyyuM cxXxeMy OpPHUEHTALlMM MECTHBIX OCEH DJIEMEHTa ¢
HoMmepamu y3i0B 1-10. Oka3biBaercsi, yTo ero ock X1 opueHTHpOBaHa OT
y3J1a ¢ OOJBIIUM HOMEPOM, K y3JIy ¢ MEHBLIMM HOMEPOM, KaK 3TO BUIHO
u3 puc. 1.66.
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Fig. 1.64. The applying of the loading in regular intervals distributed on
length of a rod.

Further we shall set in regular intervals distributed loading g, = 1.8 ton-
force/m., applied to a crossbar of overlapping.

Let's finish this section, having set linearly distributed loading on a part of
an element. In our example it is time loading with values P; = 0.18 ton-
force/m, P, = 0.12 ton-force/m and bindings A; = 0.0m, A, = 6.0m
accordingly. Loading is applied to the left rack of a frame.

To set loading, first of all we shall find out, how local axes of the left rack
of a frame (an element 12, its joints 10 and 1) are focused. For this
purpose it is feasible the following:
o We shall note the left rack of a frame and its two joints;
e In a submenu «Flags of drawing» we shall include options
«Numbers of joints» and «Local axes of rods;
o From the falling menu "View" we shall enter a command Redraw
only for marked.

In result we shall receive the scheme of orientation of local axes of an
element with numbers of joints 1-10. It appears, that his axis X1 is
focused from joint with big number, to joint with smaller number as it is
visible from fig. 1.66.



OTO cienyeT yuyecThb IIpH 3aJJaHUN KOOPIUHAT PACIOJIOKEHUS HAIPy3KH.
Bnpouewm, npu xenaHuu, MOXKHO U3MEHUTD HAallpaBJICHUE MECTHBIX Ocel
JUISL JIEMEHTA.

BoT Tereps MBI MOKEM BBI3BaTh JHAIOrOBOEC OKHO «MeCTHas Harpy3ka Ha
anieMeHT», 3areM «llapamMeTpbl MECTHOM Harpy3ku» i cliydas
TPANEUEeBHIHON paclpeeICHHOW HArpy3Kd M B €€ TEKCTOBBIX ITOJISX
3amate: P1 =W;=0.18 Te/m; Ay =a; = 0m; P, =W,=0.12 Tc/m; Ay =a, =
6.0 M.
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Puc. 1.66. 3ananue Harpy3ku, TUHEHHO pacrpeeeHHON M0 YacTH
CTEPIKHS.

3aMeTuM, UTO MO CXeMe TPANelUeBUIHON HArpy3Kd MOKHO 33/1aTh
Harpy3Ky, paBHOMEPHO pacrpe/IelICHHYI0 Ha YaCTH CTepKHs. [l 3TOTO B
TUaIOTOBOM OKHE (puc. 1.66) Hy»HO 3anath P = Pa.

Baumanne. MoXeT CIydyuThbCsl, UTO MOCIIE 3aIIOJIHEHUS TEKCTOBBIX
moyied, B OTBeT Ha memuok mno kHonke [[loaTBepauTs]
IpOTpaMMHBIM KOMIUIEKC OTBe4aeT coollieHueM «BBeaure 1enoe
guciao» (puc. 1.67). B 9Tolt cuTyamuu CoOOIIEHHE O3HAYAeT:
«BBenute umcno B ¢opmare, npunstom B IIK JIMPA», T.e.

It should be taken into account at the applying of coordinates of an
arrangement of loading. However, at desire, it is possible to change a
direction of local axes for an element.

Now we can cause a dialogue window «Local loading on an elementy,
then «Parameters of local loading» for a case of the trapezoid distributed
loading and in its text fields to set: P, =W, = 0.18 ton-force/m; A; =a, =
Om; P, =W, = 0.12 ton-force/m; A, =a, = 6.0 m.

IMapasmeTpr MecTHOH HATPYSKE |
OTrEHUTE |
&1 |E| 7]
Crnpaek.a
P2 IEI TC M 4'
A2 |EI M
z l'lPQ
1 Nz
A
M Az o

Fig. 1.66. The applying of the loading linearly distributed on a rod part.

Let's notice, that under the scheme of trapezoid loading it is possible to set
the loading in regular intervals distributed on a part of a rod. For this
purpose in a dialogue window (fig. 1.66) it is necessary to set P1 =P5.

Attention. Can happen, that after filling text fields, in reply to click
by the button [To confirm] a program complex answers the message
«Enter an integer» (fig. 1.67). In this situation the message means:
«Enter number in a format accepted in the PC LYRE», i.e. the
decimal part of number from the whole is separated by a point. After



NecATHYHAs YacTh 4YHCIa OT Lo otaensercd Toukoil. Ilocie
mienyka no kHonke [OK] coobmieHue ynansercs, a HEKOPPEKTHOE
YHCIIO B MaHENH BBIACNSAETCS M TaM K€ YCTaHABIUBAETCS KYypCop.
Moskere BHECTH UCIIPABJICHHUS.
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Puc. 1.67. Coobiienue o HEeKOppEeKTHOM (popMaTe yucia.

MpI 3aKOHUMIIM 33/1aHKE HArpy30K B HaleM npumMepe. Ceifuac B IOJMEHIO
«®Pnaru pUCOBaHUA» OTKIIIOYMTE ONIMIO «MECTHbIE OCHU CTEpXKHEW» U

¥y

BKIIFOYHUTC «Harpy31<1/1», 3aTEM IICJIIKHUTEC 110 KHOIIKE -
[[TepepucoBarb]. Bbl AODKHBI MOJYYHTH CXEMY C Harpy3kaMu TakKOTO
BH/JIa, KaK TIOKA3aHO y HAC Ha puc. 1.68.
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Puc. 1.68. Pama, 3arpyxeHHas 3aJaHHBIMU Harpy3KamH.

OTUM MBI 3aKaHUMBAEM PACCMOTPEHUE TEXHUKU 3aJaHUSl HArpy30K Ha
CTepXKHHU, IIojaras, 4YTo C JAPYTMMH BHJAMHU HAarpy3ok BBl IpHU
HEOOX0IMMOCTH pazdepeTech CcaMOCTOATENbHO. YTO ke Kacaercs
Harpy30K Ha 3JIEMEHTHI APYTUX TUIIOB, TO MBI €I1€ BO3BPATHUMCS K 3TOMY
BOIIPOCY B I'J1aBe 4.

click by button [OK] the message leaves, and the incorrect number
in the panel is allocated and in the same place the cursor is
established. You can make corrections.
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Fig. 1.67. The message on an incorrect format of number.

We have finished the task of loadings in our example. Now in a submenu
«Flags of drawing» disconnect an option «Local axes of rods» and include

"Loadings", then click by the button 7 - [To draw again]. You should
receive the scheme with loadings of such type, as shown on fig. 1.68.
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Fig. 1.68. The frame loaded by set loadings.

012

Thus, we finish consideration of techniques of the task of loadings on
rods, believing, that with other types of loadings you if necessary will
understand independently. As if to loadings on elements of other types we
still shall come back to this question in chapter 4.

Actually work on formation of certainly - element model of flat rod



Bot, coOGcTtBenHO, n 3aBepuieHa pabora MO (OPMHUPOBAHUIO KOHEUHO-
3JIEMEHTHOM MOJENM IUIOCKOM CTEP)KHEBOM CTPYKTYypbl. Mbl co3ganu
pacueTHYIO CXEMY, 3a/lajli CBSI3U, IPUCBOWIM 3JIEMEHTAM OIPEECIICHHbIE
YKECTKOCTHU U 3aJaJIi Harpy3Ku. MOXHO MTPOU3BECTU pacyerT.

OZIHaKO MBI OTJI0KMM caM pacydeT J0 miaBkl 2. Ceilyac e Mo3HaKOMUMCS
C KOMaHJaMH, TMO3BOJISIOIIMMU IMPOBEPUTH, MOIYUYUIACh JIM CO3JaHHAs
MOJIEJNIb TaKOH, KaK MBI 3TOI'0 XOTEJIH.

1.3.12. Uudopmanusi 0 KOMIIOHEHTAX MOAECJIHU

PazpaGoTunku cHaOOWIM MPOrpaMMHBIM  KOMILJIEKC —BEJIHMKOJIEIHON
koMmaHoi MHbopMarys, MoMeneHHOH B HUCTIafatomiee MeHo «BBioopy.

Ha «kHOmke WHCTpyMEHTa KOMaHIbl [OMEIIEHAa MHKTOrpaMMa,
n300paxaromiasi CBETSIIUNCA (HOHAPUK . Komanna mno3Bossier He
TOJIbKO MTHOBEHHO TIOJYYUTh TMOJHYI HHPOpMAIMIO 000 BceX
KOMIIOHEHTaX MOJIENIH, HO U KOPPEKTUPOBATH MHOTHE U3 HHX.

Komannamu Undopmanus, Undopmanus o6 yziae N, Uudpopmanus 06
jgemenTe N ©3 Hucnajgaroulero MeHio «BbiOop»  BbI3bIBalOTCA
JIMAJIOTOBbIE OKHA, cojepxkaliue MH(opMaruio o0 3leMeHTe WIM Y3Je.
Pa3zHuna B 3TMX KOMaHIax 3aKJIIOYAETCS B CIIOCOOE yKa3aHMs JIEMEHTa
WIA y371a, Ui KOTOPOIO ClieAyeT BBIBECTH Ha 3KpaH HH(POPMAIHUIO.
Komanga MHpopmanus nHUIUUPYET BBIBOJ HA SKpaH MH(OPMALIOHHOTO
OKHa M0CJI€ MIEIYKa MBIIIBIO Ha HY)KHOM 3JIEMEHTE WM Y3JI€.

Komanpaa Oyner akTUBHO# 10 TeX MOp, MOKa MOJIb30BaTENb HE OTMEHUT €€
MIEJTYKOM MBIIIA B HUCIAJIAIONIEM MEHIO WJIM 10 KHOTKE WHCTPYMEHTA.
OTO O03HAYaeT, YTO MOXXHO TMOJYYUTh HEOTPAaHUYEHHOE KOJIMYECTBO
nH(OpMaIy, BEI3BAB MIETYKOM MBI BCE HOBBIE OKHA (pa3ymeeTcsi, 4To
NpeAbIayIee OKHO 3aKpbhIBAeTCsA IIETYKOM MO OJHOW U3 KHOIOK
[[TonTBepauTh | unu [Y nanuts)).

JIBG APyru€ KOMaHIbl BHA4aJi€ BBIBOAAT HA JKpaH BCIIOMOI'aTCIbHOC

structure is completed. We have created the design scheme, have set
bonds, have appropriated to elements certain rigidity and have set
loadings. It is possible to make calculation.

However we shall postpone calculation up to chapter 2. Now we shall get
acquainted to the commands, allowing to check up, whether the created
model such as we wanted it has turned out.

1.3.12. The information on components of model

Developers have supplied a program complex with a magnificent
command the Information placed in the falling menu "Choice”. On the
button of the tool of a command the pictogram representing a luminous

small lamp v is placed. The command allows not only to receive
instantly the full information on all components of model, but also to
correct many of them.

The Information, the Information on joint N, the Information on
element N from the falling menu "Choice" are caused by commands the
dialogue windows containing the information on an element or joint. The
difference in these commands consists in a way of the instruction of an
element or joint for which it is necessary to display the information. The
command Information initiates a conclusion to the screen of an
information window after click by the mouse on the necessary element or
joint.

The command will be active until the user will not cancel its click of the
mouse in the falling menu or by the button of the tool. It means, that is
possible to receive unlimited quantity of the information, having caused
click of the mouse all new windows (certainly, that the previous window
is closed by click on one of buttons [Confirm] or [Remove]).

Two other commands in the beginning display an auxiliary window into
which the user should enter number of an element (or joint) and to click
by the button [Confirm]. Only after that on the screen the information



OKHO, B KOTOpOE€ IOJb30BaTENb JOJKEH BBECTH HOMEp d3JeMeHTa (WU
y371a) U WenaKHyTh 1o kHomnke [[loarBepauts]. Y ToaBKO TIOCHE ATOTO Ha
9KpaH Oyzaer BbIBeAeHO MHGOpMaImoHHoe okHO (puc. 1.69, 1.71). Otu
KOMaH/Ibl MCIOJIL3YIOTCS B TOM Cllydae, €CJId MOJIENIb IMOKa3aHa B TaKOH
INPOEKIUK, KOrJa 3aTPyAHHUTENIBHO YKa3aTb KypCOpOM Ha HYXKHBII
AIIEMEHT WU y3€Jl.

Juanorosoe UH(MOPMALMOHHOE OKHO 3JIEMEHTA MOJIENHN MOKAa3aHO Ha PHUC.
1.69.

JlmanoroBoe OKHO MPEJOCTABIISET MOTHYIO HH(OPMAIHIO O KOMIIOHEHTaX
MOJICNIA, OTHOCSIIMXCS K D3JEMEHTY: THIl JKECTKOCTH, NPUCBOCHHON
DJIEMEHTY, HArpy3kd B KaXJIOM U3 3arpyXeHHil (HOMEp 3arpyXeHus
MOYET OBITh BBIOpaH HEIIOCPEICTBEHHO B OKHE), IAPHUPHI, HOMEpa y3JI0B
JJieMeHTa W Japyras uH(OpManus, KOTopas TOHATOOUTCS HaM B
CJICAYIONIMX TJIaBax.

window (fig. 1.69, 1.71) will be deduced. These commands are used in the
case that the model is shown in such projection when it is inconvenient to
specify the cursor the necessary element or joint.

The dialogue information window of an element of model is shown on fig.
1.69.

The dialogue window gives the full information on the components of
model concerning to an element: type of the rigidity, appropriated to an
element, loadings in each of loadings (number of a loading can be chosen
directly in a window), hinges, numbers of joints of an element and other
information which is required to us in the following chapters.
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Puc. 1.69. NadopmaiimoHHOE OKHO dJIEMEHTa MOEIH. Fig. 1.69. An information window of a model element.

B mone «Tum xecTKOCTH)) oMelleH paCKpBIBaIOHIHﬁCﬂ CIIUCOK BCEX In a field «Type of rlgldlty» 18 placed the revealed list of all a rlgldlty

JKECTKOCTEH, ONPe/IENICHHBIX B 3a/1a4e. determined in a problem.

Ho CaMBIM TIPHMEUATENBHBIM SBASETCS TO, YTO WH(bOPMAIHOHHBIE OKHA But the most remarkable is that information windows simultaneously
b - T - - . - -
OJIHOBDEMEHHO CITYIKAT CPEJICTBOM KOppekTupoBki. Takie kommoments SCTVE 85 Means of updating. As rigidity, loadings, hinges it is possible to



KaK XCCTKOCTb, HAIrpy3KH, IIapHUPBI MOKHO U3MCHATH, HC ITOKKasd OKHA.

Tax, 4T0OBI KOPPEKTUPOBATH HATPY3KH, MOTPEOYETCs BHIIOIHUTD
CJIEIyIOIINE ONEpaLUu:

e B okomke «Homep 3arpyxeHus», MPOKpy4IHUBasi IETIKOM MBIIIN
CIIMCOK HOMEPOB, BBIOpaTh TpebyemMoe 3arpyKeHHue;

® IIIEJ]YKOM MBIIIA OTMETUTh B CIUCKE HArpy3Ky, MOJICKAILIYIO
KOPPEKTHUPOBKE;

® [IEIKHYTh MO KHOMKE [M3MeHuTh];

e B TMOsBUBIIEMCS JAuanoroBoM okHe «llapamerpsl MecTHOMU
Harpy3ku» (puc. 1.70) BHECTH B COOTBETCTBYIOIIME IOJSI HOBHIE
napameTpbl Harpy3Ku;

® 3aKpBITh OKHO IIETYKOM 110 KHomke [[ToarBepauTs];

® 3aKpBITh JHANIOTOBOE€ HH(OPMALIMOHHOE OKHO IIEIYKOM TIO
kHorke [[lonrBepauTs].

]

OTHEHUTE |

Cnpaeta |

IMapameTprl MecTHOH HATPY3IKH

P Im—mc
N "

Puc. 1.70. Inanorosoe okHo "[lapameTpbl MECTHON HAarpy3ku'.

Kak BuauTe, MOXKHO KOPpPEKTHpOBaTh JIOOOH M3 mMapaMeTpos,
XapaKTepU3yIOIINX 3aJaHHBI TUI Harpy3ku. M3MeHuTs ke cam Tum
Harpy3ku Henb3s. Eciam motpebyercs 3To chenaTh, HY)KHO KHOIIKOMN
[V nanuTh], moMerieHHol B HWKHeH vyactu nonst «Harpysku», oTMEHUTH
3a/laHHYI0 Harpy3Ky M 3ateM KHomkoi [HoBoe] BbI3BaTh AMAIOr0OBOE OKHO
«MecTHas Harpy3ka Ha 3yeMeHT» (cMm. puc.1.62). C momomplo OKHA

change such components, not leaving a window.

So that to correct loadings, it is required to execute the following
operations:

e Inwindow «Number of a loading , scrolling click of the mouse the
list of numbers to choose a required loading;

e Click of the mouse to note in the list the loading subject to
updating;

e To click by the button [To change];

e In the appeared dialogue window «Parameters of local loading»
(fig. 1.70) to bring to corresponding fields in new parameters of
loading;

e To close a window click by the button [Confirm];

e To close a dialogue information window click by the button
[Confirm].

]|

IMapameTpsl MecTHOHR HATPYIKH

OTHEHUTE |
A |0 M
Cnpaeka |
Z Y
+P na
m H»"'I u

Fig. 1.70. A dialogue window "Parameters of local loading "

As you can see, it is possible to correct any of the parameters describing
set type of loading. To change type of loading it is impossible. If it is
required to make it, it is necessary [Remove] the button, placed in the
bottom part of a field of "Loading", to cancel the set loading and then the
button [New] to cause a dialogue window «Local loading on an element»
(see fig. 1.62). With the help of a window to set new loading, following



3a7laTh HOBYIO Harpysky, cliefysl IpoLeaype, ONMCAHHON B MpeAbIAyIEM
paszene. Eciu noHanoOUTCsS M3MEHUTD KECTKOCTD 3JIEMEHTA, 10CTaTOYHO
pa3BepHYTh CIIMCOK >KECTKOCTEH, OTMETUTh HOBYIO KECTKOCTb, 3aTeM
3aKpbITh OKHO KHONKOM [[IpuMeHuTs|.

B mnone «lapuupb» mnpenocTaBiasieTcsi BO3MOXKHOCTh 3adaTh (WM
OTMEHUTBH) MIApHUPBI. s 3TOro nenaercs OoTMeTKa (WM CHUMAETCS)
HICJIYKOM MBIIIM B COOTBETCTBYIOIIEM OKolke. M3menenus Oyayt
INPUHATH NPOrPAMMHBIM KOMIUIEKCOM IIOCJI€ 3aKpBITHS OKHA KHOIIKOW
[[IpumenuTh]. 3aMeTHiM, 4YTO B OJIUH NPUEM MOXKHO IPOU3BECTH
KOPPEKTUPOBAHUE BO BCEX MOJISX, TJI€ 9TO JOMYCKACTCS, M 3aT€M 3aKpPbITh
OKHO.

HNHdpopMaLlnoHHOE OKHO y3ja PacyeTHOW CXeMbl MMEeT BHJ, NMOJOOHBII
npenpinymeMy (puc. 1.71). 3xech Takke MOXKHO KOPPEKTUPOBATH CUJIBL,
NpUIOKEHHBIE K y31y. ECTh BO3MOKHOCTB 3a/1aTh CBA3M WJIM M3MEHUTh
umerouecs. [lenaercs 3To npocTo 0TMETKOM (WM yOupaeTcs OTMETKA) B
COOTBETCTBYIOLIIEM OKOIIKe Moyl «CBSI3W» M ILIETYKOM IO KHOIKE
[[lonTBepauTh]. 3aKOHYMM 3HAKOMCTBO C MH(OPMAalMOHHBIMU OKHaMH
Ba)XHBIM 3aME€YaHUEM O KHOIKE [Y JaJIuTh], IOMEIIEHHONH B 000MX OKHax
(puc. 1.69 u 1.71), B ux npaBoif BepxHeH yacTH.

Buumanmue! bynbre ocTOpokHBI ¢ KHONKOH [ Y 1annTh]. OTa KHOMKA
OpeHa3HayeHa s yJaJeHus CTepXHS win  y3ida  (a,
CJIEIOBATENbHO, U IPUMBIKAIOIIUX CTEPIKHEN).

Hlemuok mo kHomke [YaamuTh| MrHOBEHHO (HE OXKUAAsCh
mienyka nmo kHonke [[IpuMeHnTh]) mpuBOAMT K MOTEpe dIeMEHTa
(MM y371a C IPUMBIKAIOLIMMHU JIEMEHTAMN ).

1 BOoccTaHOBIEHUS YTPAYEHHOM YacTH HY)KHO BOMTH B PEXHUM
«KoppekTupoBka» 1 BBECTH KOMaHly BoccTaHOBHTH yJajleHHOe.

the procedure described in the previous section. If it is required to change
rigidity of an element, it is enough to develop the list a rigidity, to note
new rigidity, then to close a window the button [Apply].

In a field "Hinges" the opportunity to set (or to cancel) hinges is given.
For this purpose the mark (or it is removed) by click of the mouse in a
corresponding window is done. Changes will be accepted by a program
complex after closing a window by the button [Apply]. We shall notice,
that in one step it is possible to make a correcting in all fields where it is
supposed, and then to close a window.

The information window of joint of the design scheme looks like, similar
previous (fig. 1.71). Here it is possible to correct the forces applied to
joint too. There is an opportunity to set bonds or to change available. It is
done simply by a mark (or remove the mark) in a corresponding window
of a field of "Communication” is cleaned and with click by the button
[Confirm]. We shall finish acquaintance to information windows the
important remark on the button [Remove], placed in both windows (fig.
1.69 and 1.71), in their right top part.

Attention! Be cautious with the button [Remove]. This button is
intended for removal of a rod or joint (and, hence, and adjoining
rods).

Click by the button [Remove] instantly (not waiting click by the
button [Apply]) results in loss of an element (or joint with adjoining
elements).

For restoration of the lost part it is necessary enter a mode
"Updating" and to enter a command To restore removed.
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Puc. 1.71. NadopmanimoHHOE OKHO y3J1a MOJICIIH. Fig. 1.71. An information window of model joint.
Tenepb, KOrma Bbl 3HAKOMBI C ATHM MOIIHBIM cpeacTBoM monyueHuss Now, when you are familiar with this powerful means of reception of the
uHbopManuK, TMPOBEphTE, MOXKalyiicta, mpaBWiIbHO Ju Bl 3amanu information, whether check up, please, correctly you have set loadings in
Harpy3kd B HamieM npumepe. Eciam Bce coorBercTByeT wucxommbiM our example. If all corresponds to the initial data, start a problem on the

JaHHBIM, 3alTyCTHUTC 3aa4y Ha CUCT.

I [

account.



1.3.13. bu6anorexa konedubix djdeMeHToB 1K JIUPA

[IporpaMMHEIII KOMIUIEKC OPUEHTUPOBAH HA WCCIEAOBAHHE INHPOKOTO
KJlacca KOHCTPYKIHMH: IPOCTPAHCTBEHHBIC CTEP)KHEBBIC  CHCTEMBI,
TUTACTUHBI U 000J0YKH, MEMOpPaHbI, MACCUBHBIC Tella, KOMOMHUPOBAHHBIC
CHUCTEMBI, IUIUTHI HA YINPYrOM OCHOBAaHWHU, PEOPHUCTHIC IIACTHHYATHIC
CUCTEMBI, MHOTOCIIOWHBIE TUTUTHI U 0007109KU. MOryT ObITh UCCIIEOBAHbI
KOHCTPYKIIUH, COJAEpXKAIlie IMPOU3BOJIBHOEC OOBCIMHECHUE JIIOOBIX
BBIIIEHA3BAHHBIX.

Uccnenyemble 00bEKTHI MOTYT HMMETh IPOU3BOJIbHBIE KPUBOJIMHEHHBIE
OuUepTaHUs, JOKAIbHBIE OCIIA0JIeHUs B BUJIE PA3NTUYHON (POPMBI OTBEPCTUI

U HOJIOCTEH.

EcTb BO3MOXXHOCTh Y4E€CTh HEPETYJISPHOCTU PACCUUTHIBAEMBIX OOBEKTOB,

yIpyrue CBsSI3M  KOHEYHOH  JKECTKOCTH, OJHOCTOPOHHHME  CBS3H,
NOJIaTJIMBBIE CBSA3H MEXAY pparMeHTaMu 00beKTa.
HccnenoBanue HaNpsHKEHHO-/1e()OpMUPOBAHHOTO COCTOSIHMS

KOHCTPYKLUH MOKET OBbITh BBINOJIHEHO KaK B JINHEHHO-YIPYToii, Tak U B
FeOMEeTPUUYECKU WM (PU3NUECKH HETMHEHMHON MOCTaHOBKE.

Bo3moxkHO HccnieioBaHue pabOThl JIEMEHTOB COOPYXKCHHSI B MPOIIECCEe
BO3BE/ICHUS (MOHTaX-ICMOHTAXK).

Pacuer BbIMONHSETCS Ha CTAaTHYECKHE HArpy3KH M JUHAMHYECKHE
BO3JCCTBUS. B KauecTBe  CTaTMYECKHUX  HArpy30K  3aJaroTcs
COCPCAOTOYCHHBIC CHUJIBI HMJIM MOMCHTBI, TCMIICPATYPHBLIC BOSHGfICTBI/I?[,
BBIHYXKJ/ICHHBIE TEepeMelleHns. B kauecTBe AMHAMUYECKUX BO3JAEHUCTBUI
3a7]af0TCS  BO3JICHCTBUSL OT 3EMJICTPSICEHHUS, IYJIBCHPYIOIIETO IOTOKA
BETpa, BHOpAIIMOHHBIE M yJapHbIE BO3JCHCTBUS TEXHOJIOTHUECKOTO
000pyT0OBaHUS.

Bce »10 morpeboBaio co3nmaHus OONBIION OHOTMOTEKM KOHEYHBIX
9JIEMEHTOB, MO3BOJISIONINX MOJEIUPOBATH U3BECTHBIC TUIIBI COOPYKEHHIA
IMPOMBIIIJIEHHOT'O, TPaAXIAHCKOTO, THUAPOTECXHHUYECKOTO, TPAHCIIOPTHOTO

1.3.13. Library of the PC LYRE finite elements

The program complex is focused on research of a wide class of designs:
spatial rod systems, plates and shells, membranes, the massive bodies, the
combined systems, plates on the elastic foundations, ridge lamellar
systems, multilayered plates and environments. The designs containing
any association any above-named can be investigated.

Researched objects can have any curvilinear outlines, local easing as the
various form of apertures and cavities.

There is an opportunity to take into account an irregularity of considered
objects, elastic bonds of final rigidity, unilateral bonds, pliable bonds
between fragments of object.

Research of stress and strain state of designs can be executed both in
linear - elastic, and in geometrical or physically nonlinear statement.

Research of work of elements of a construction is possible during
erections (installation - dismantle).

Calculation is carried out on static loadings and dynamic influences. As
static loadings the concentrated forces or the moments, the temperature
influences, the compelled movings are set. As dynamic influences
influences from the earthquake, a pulsing stream of a wind, vibrating and
shock influences of the process equipment are set.

All this has demanded creation of the big library of the final elements,
allowing to model known types of constructions of industrial, civil,
hydraulic engineering, transport construction, together with mechanical



CTPOUTCIIBCTBA, a4 TAKXKEC U MAIIMHOCTPOCHU .

Ceituac B OmOimoreke HacumThiBaeTcs Oojsiee 100 KOHEUYHBIX JIEMEHTOB.
JUia Kaxxnoro sieMeHTa pa3pabOTUMKAMU IOJIyYEHbl aHaJIUTHUYECKHE
BBIPQKEHUSI WM QITOPUTMbl IIOCTPOCHUS KOMIIOHEHTOB MAaTpPHUIIbI
JKECTKOCTU M 3KBUBAJICHTHBIX Y3JIOBBIX CU. Bbl Halinere B «PykoBoaCTBE
MOJIB30BATEI»  MOJAPOOHOE  OMHMCaHWE  OOJIBIIMHCTBA  KOHEUYHBIX
anemeHToB Oubanoreku 11K JIMPA.

Mgz1 IIPpUBOAUM 3€Ch XapaKTCPUCTUKY JIMIIb HCEKOTOPLIX,
IMPUMCHACMBIX B YACJICHHOM aHAJIM3C 3JICMCHTOB.

qacTo

CrepixHeBoii 31eMeHT (0uGauoTeuHbIH Ne 10)

DjeMeHT  TpeAHa3HauyeH  JUisl  MOJICJIUPOBAHHUS  IUIOCKUX U
MPOCTPAHCTBEHHBIX CTEP>KHEBBIX CHCTEM IMPOU3BOJIBHOTO oyepTaHus. B
TEXHUYECKON JOKYMEHTAIlMM K TPOrpaMMHOMY KOMIUIEKCY OH Ha3BaH
«YHUBEpCAIIbHBII CTEPIKEHDBY.

Kpome cTanmapTHBIX BO3MOXKHOCTEH (pacTsiKeHue-ckaTtue, U3rud B JBYX
MJIOCKOCTSIX) 3JIEMEHT TO3BOJISIET YY€CTh HAJIMYMe CABUTA MPU U3THOE B
00enx MJIOCKOCTSX, MPEIBAPUTEIHLHOE HAMNpPSHKEHUE, a TakKe U YIpyroe
ocHoBaHue. JlomyckaeTcsi HaJu4Hhe JKECTKUX BCTAaBOK W IapHUPOB. B
KaXKIOM Y3JI€ DJIEMEHTa MPUHATO 6 cTeneHed CBOOOIbI - TPU JHMHEHHBIX
MepEeMEIICHHS BJIOJIb MECTHBIX OCEl KOOpPAMHAT U TPH MOBOPOTA BOKPYT
HUX. KOMIIOHEHTBI MaTpUIlbl )KECTKOCTHU BbI HaiaeTe B [21, 22].

N3 KOMIOHEHTOB MAaTpuULBbI kecTKocTH 3iemMeHTa Ne 10 momyyeHsl, Kak
YaCTHBIE CITy4au, MaTPHUIIBI )keCTKOCTH 35ieMeHToB Ne 1,2, 3, 4, 5. KpaTtkas
XapaKTePUCTHKA ITUX DJIEMEHTOB MIPHUBE/ICHA HIKE, B Ta0m. 1.6.

Buumanme. /{19 momydeHMss MaTpHIBbl JKECTKOCTH CTEP’KHEBOTO
AJIEMEHTAa TMPUHATHl ANMPOKCUMUPYIOLIUE (QYHKIMH, SBISIOLIUECS
pemienneM auddepeHnnanbHbIX  YpaBHEHHH  COOTBETCTBYIOIUX
OJIHOMEpHBIX KpaeBbIX 3anad. IloaTomy nuckpeTHoe peuieHue c
IpUMEHEHHEM KoHeuHoro snemeHTa Ne 10 m ero mpom3BOJIHBIX

engineering.

Now in library it is totaled more than 100 final elements. For each element
developers receive analytical expressions or algorithms of construction of
components of a matrix of rigidity and equivalent central forces. You will
find in "User's guide" the detailed description of the majority of final
elements of library of the PC LYRE.

We result here the characteristic only the some people frequently used in
the numerical analysis of elements.

Rod element (library Ne 10)

The element is intended for modelling plane and spatial rod systems of an
any outline. In the engineering specifications to a program complex it is
named «Universal rod ».

Except for standard opportunities (tension - compression, a bend in two
planes) the element allows to take into account presence of shear at a bend
in both planes, a preliminary pressure, together with the elastic basis.
Presence of rigid inserts and hinges is supposed. In each joint of an
element 6 degrees of freedom - three linear movings along local axes of
coordinates and three turns around of them are accepted. You will find
components of a matrix of rigidity in [21, 22].

From components of a matrix of rigidity of an element Ne 10 are received,
as special cases, matrixes of rigidity of elements Ne 1,2, 3, 4, 5. The brief
characteristic of these elements is resulted below, in tab. 1.6.

Attention. For reception of a matrix of rigidity of a rod element the
approximating functions being the decision of the differential
equations of corresponding one-dimensional regional problems are
accepted. Therefore the discrete decision with application of a final
element No 10 and his derivatives will be exact, irrespective of



6y,I[CT TOYHBIM, HE3aBUCHUMO OT KOJIMYECTBA 3JICMCHTOB

[IpAMOyYroJIbHBIN, TPEYrOJAbHBIA W YETHIPEXYrOJIbHBIN Ie

AJIEMEHTHI IJIOCKOK 000JI0UKH (ONOMHOoTar e Makfn A1 A0 A
[eHepanua Tatinuus PCY

Ypanenue tabnuum PCY

OTHU 3JIEMEHTHI MOIY4YEHbl B COOTBETCTE K,
OCHOBAaHHOM Ha THUIIOTE3E KI/IpXFO< P opmupoeanue rpynn PCY u
NPEeHEOPEIKUMO MaJIbIX HANPSHKCHUS| HHHPHKAUUA 3 IEMEHTOB oii
MOBEPXHOCTH. IIPUMEHSIOTCA TIPU PACY  Brnoauure pacuer PCY HIX

000J10Y€EK.

reOMeTpI/I‘ICCKI/Ie 0COOEHHOCTH 000J0YKH YUYUTBIBAOTCA FeOMeTpHeﬁ
BIIMCAHHOTO MHOTI'OI'paHHHKA. HOCKOHBKy TOYHOCTH alllIpOKCUMaln
IOBCPXHOCTH 000JI0UKH YBCINYHUBACTCA CO CIr'YIICHUEM CCTKH, TO
CXOAUMOCTh METOJAa KOHCYHBIX 3JICMCHTOB 06GCH6‘~II/IBaeTC$I, 9YTO HMCECT
TCOPCTUYICCKOC ITOATBCPIKIACHUC.

[lpu y4ére ynpyroro OCHOBaHHs MCIOJb3YETCSI BAPHAHT MEXaHHYCCKON
MOJICNIA CIUIOIIHOM cpeabl (FPyHTa), paccMaTpUBAEMON Kak yIpyroe
HOJIYIIPOCTPAHCTBO € ABYMs KO3 pUllmeHTaMu mocTem.

YacTHBIMH CITy4asiMU KOHEUHBIX AJIEMEHTOB TOHKUX OOOJIOUEK SBIISIOTCS
KOHEYHbIE AJIEMEHTBI IIJIOCKOTO HaANPSHKEHHOTO COCTOSTHUS
(oubmmoreunpie NeNe 21, 22, 23, 24) W KOHEUYHBIC DJIECMEHTHI ILIUT
(oubnmoteunnie NeNe 11, 12).

B Ttabmune 1.6 mpuBeneHbl Takke KOHEYHBIE JIEMEHTHI, MO3BOJISIOIINE
MOJIEIMPOBATh CBSA3U KOHEeUHOMU xkecTkocTh (NeNe 51, 55), u 3akoHTypHbIE
3JIEMEHTHI YIIPYroro OCHOBAHMSI, MO3BOJISAIOLINE YUeCTh paboTy TpyHTa 3a
npeaenamMu  gyHnameHTHOW 1IUThl (NeNe 53.,54) B COOTBETCTBUHU C
mozeinsto 11JI. ITactepHaka.

quantity of elements in model.

Rectangular, triangular and quadrangular final elements of a plane shell
(library NeNe 41, 42, 44)

These elements are received according to the theory of thin environments
based on hypothesis of Kirchhoff about direct normals and scornfully
small pressure, normal to a median surface. Are applied at calculation of
flat and curvilinear environments.

Geometrical features of an environment are taken into account by
geometry of the entered polyhedron. As accuracy of approximation of a
surface of an environment increases with a condensation of a grid
convergence of a method of final elements is provided that has theoretical
acknowledgement.

At the account of the elastic basis the variant of mechanical model of the
continuous environment (ground) considered as elastic floor space with
two factors of bed is used.

Special cases of final elements of thin environments are final elements of
a flat intense condition (library NeNe 21, 22, 23, 24) and final elements of
plates (library NeNe 11, 12).

In table 1.6 are resulted the final elements, allowing to model bonds of
final rigidity (NeNe 51, 55), and edge bonds elements of the elastic
foundation, allowing to take into account work of a ground outside a base
slab (NeNe 53,54) according to P.L.Pasternaka's model.



Yacto NMPUMEHAEMBIC KOHCYHBIC 3JIEMCHTDI

Frequently used finite elements
Ne
Haunmenosanue KO
/
Finite element name
IIpusnax
cxemsl /
Scheme character.
ITnockocts pacnonoxenus / Plane of arrangement

Crenenu cBo0OIbI (TIepeMeIeHus)
Degree of freedom
(displacement)
Kommenrtapunii
Comments

10
YHUBEPCATBHBIN CTEPKEHb
/
Universal bar
1
2
3
4
5
MIPOU3BOJILHO
/
arbitrary
JIunelnwle:
u,v,w
VrinosBele:
o, B,y

Tabauya 1.6
Table 1.6



Linear:
u, v, w
Angular:
o, B,y

1 .I[OHYCKaeTCH HaJIMYHUC YIIPYTIOro OCHOBAHHA B ABYX INIOCKOCTAX.

2. I[IpexycMOTpeH ydeT CABUTOBOM KECTKOCTH U

o0xarusl.

1. Presence of the elastic foundation in two planes is premised.
2. The allow for shear stiffness and prestressing force is stipulated.

YacTuslil cnyqaii K9-10
Particular case of FE-10

Yacraslit cinyyait K9-10
Particular case of FE-10

1
CrepiKeHb MI0CKOM (hepmbl /
Rod of plane truss
1
X0Z
Jluneiinbie:
u, v
Linear:
u, v

2
CTepiKeHb III0CKO# pambl /
Rod of plane frame
2
X0Z
JIuHeiHebIe!
u,v
VYrnossie: 3
Linear:

u,v
Angular:



Yacrasiii cayyaid K3-10
Particular case of FE-10

Yacrasiit ciyqait K3-10
Particular case of FE-10

3
CrepkeHb 0aJIOYHOTO
pocTBepka /
Rod of crib
3
XOoY
Jluneiinpie: W YrioBsie: o,
Linear: w Angular: a, B

4
CrepKeHb MPOCTPAHCTBEHHOU (hepMBbI /
Rod of space truss
4
IIPpOU3BOJILHO
/
arbitrary
JIuneineie:

u, v, w
Linear:

u, v, w

No
HanmenoBaaue KO
/

Finite element name
IIpusnak
cxeMmsl /

Scheme character.
[Tnockocth paconokenusi / Plane of arrangement
Crenenu cB0OOIBI (TIepeMeIeHus)
Degree of freedom
(displacement)



YacTuslil cnyqait K9-10
Particular case of FE-10

Kommenrtapuit
Comments

)
[IpocTpancTBEHHBIN
CTep>KeHb 0e3 yueTa caBura /
Space rod without allow for an shear
)
MIPOU3BOJILHO
/
arbitrary
Jluneitnepie:

u, v, w
YrnoBsie:

o, B,y
Linear:

u, v, w
Angular:

o, B,y

11
YHUBepcalbHbIA TPSIMOYTOJIbHbBIM KOHEUHBIN 3JIEMEHT TUIUTHI /
Universal rectangular slab finite element
3
5
XOoY
Z,UX, UY
JIuneninsie:
w
Yrnossle:
a, B,
Z,UX, Uy
Linear:
w



Angular:
a, B,

I[OHYCKaeTC}I HaJIM4YUE YIIPYroro OCHOBAaHMUA. VY4YUTBIBAIOTCS CBOMCTBA
Marepuaia:
— H30TPOIIUA;
— OPTOTpOIHS;
— AHU3O0TPOIIHA.
Presence of the elastic foundation is premised. Properties of a material are taken into account:
— isotropic;
— orthotropic;
— anisotropic;

12
YHHUBEpCAIbHBIN TPEYTOIbHbIH KOHEUHBIH /
Universal triangular finite element
3
5
XOoY
JIuneineie:

w
VrioBsle:

a, B,

Linear:

w
Angular:

a, B,

21 (23)
YHuBepcanbHbI NPSIMOYTOIbHBIA KOHEUHBIN 3JIEMEHT TJIOCKOM 3a/1a4l TEOPUH YIIPYTOCTH
/
Universal rectangular finite element of plane elastic problem
1
2
5



(4,5)
X0Z
(Tpou3BOIBHO
/
arbitrary)
JIuHeiiHbIC:
u, v
(JTuneitabre:
u, v, w)
Linear:
u, v
(Linear:
u, v, w)
1. I[OHyCKaIOTC}I CJICAYIOINEC BUABI IJIOCKOM 3alavuu TCOPUH YIIPYT'OCTHU: INIOCKOC HAMIPSAKECHHOC COCTOAHUE, INIOCKAA ,Z[e(bOpMaI_II/I}I.
2. YUNUTBIBAIOTCS
CBOMCTBA MaTepI/IaJ'Ia:
— H30TpOITH,
— TpaHCBEpCaJIbHasi HSOTpOHI/I}I;
— OpPTOTpOIHS,
— AHU3O0TPOIINA.
1. The following types of plane elastic problem are supposed: plane stress state; plane stress deformation.
2. Properties of a material are taken into account:
— isotropic;
— transversal isotropic;
— orthotropic;
anisotropic;

No
HanmenoBanune KO
/
Finite element name
IIpusnak
cxeMmsl /
Scheme character.
[Tnockocte pacmionoxkenus / Plane of arrangement
Crenenu cB0OOIBI (TIepeMeIeHus)



1 . lomyckarorcs

CIEAYIOIIME BUABI INIOCKOMN

Degree of freedom
(displacement)
Kommenrtapuit

Comments

22

(24)

YHuBepcanbHbII
TPEYTOJIbHBIM KOHEYHBIN JIEMEHT IUIOCKOM 3a/1auyi TEOPUHU YIPYTrOCTH
/
Universal triangular finite element of plane elastic problem

1
2
5

(4.5)

X0z

(mIpou3BOJILHO
/
arbitrary)

X.Z.
(X.Y.2)
X.Z.
(X.Y.2)

3al1a4i TCOPpHHU YIIPYT'OCTHU: IIJIOCKOC HAIIPSIKCHHOC

COCTOSIHHE; TUIOCKast nedopmarius.
2. YUuTBIBarOTCI CBOIICTBA

MartepHana:
— H30TPOINS;

— TpaHcBepcalibHasi U30TPOIUS;

— OpTOTpOIUS;
— aHHU30TPOIHSL.

1. The following types of plane elastic problem are supposed: plane stress state; plane stress deformation.



2. Properties of a material are taken into account:
— isotropic;

— transversal isotropic;

— orthotropic;

anisotropic;

41
YHuBepcanbHbII
HpﬂMOYl“OJ'IBHBIfI 3JIEMEHT 000JIOUKHA
/
Universal rectangular finite element of shell
5
MIPOU3BOJIBHO
/
arbitrary
X.Y.Z
UXx.uy.uz
X.Y.Z
UXx.uy.uz
1 . Jomyckaetcst Hauuue
YHPYTOro OCHOBaHHUS.
2. YUUTBIBAIOTCS CBOMCTBA
Marepuaia:
- U30TPOIIU;
- TpaHCBEpCAIbHAs
H30TPOIIUA;
- OPTOTPOINHS;
- AaHU30TpOIIus
1. The presence of elastic foundation are supposed.
2. Properties of a material are taken into account:
— isotropic;
— transversal isotropic;
— orthotropic;
anisotropic;

42



YHHUBEpCaTbHBIN TPEYTOJIbHBIN 3JIEMEHT 00010UKH /
Universal triangular finite element of shell
5
MIPOU3BOJIBHO

/

arbitrary

X.Y.Z

UX.UY.uz

X.Y.Z
UX.UY.UZ

Ne
Haunmenosanue KO
/

Finite element name
IIpu3nax
cxembl /

Scheme character.
ITnockoctp pacnonoxenwus / Plane of arrangement
Crenenu cBOOOIBI (TTEPEMEIICHHS)
Degree of freedom
(displacement)
KommenTapuit
Comments

44
YHHBepcalbHBIN YeTHIPEXyroNbHBIA KOHEUHBIH ameMeHnT ooonouku / Universal quadrangular finite element of shell
5
POH3BOJIEHO
/
arbitrary



X.Y.Z
UX.UY.UZ
X.Y.Z
UX.UY.UZ

51
Cas3b koneunoii xxectkoctr / The bond of finite stiffness
5
IIPpOU3BOJILHO
/
arbitrary
X.Y.Z.
Ux.uy.uz
X.Y.Z.
Ux.uy.uz
[IpuMensiercs s ydera nogaTIMBOCTH OIIOPHOM
CBs3U.
It is applied to the allowing of a supporting bond compliance.

53
3aKOHTYPHBIii IBYX Y3II0BOM KOHEUHBI 3JIeMeHT yrnpyroro ocHoBanus / Edge two-nodal finite element of elastic foundation

YuuThIBa€T BAUSAHUE MOJOCH TPYHTA 32 MPEAEIaMHi KOHCTPYKIIHH.
Takes into account influence of a ground strip outside a structure

54
3aKOHTYPHBII 0JTHOY3JI0BOM KOHEUHBII 3JIeMeHT yrpyroro ocHoBanus / Edge one-nodal finite element of elastic foundation
3



Y4uUTBIBaET CABUTOBOE BIIMSIHUE YIJIOBOW 30HBI TPYHTA 3a MPEAEIaMU KOHCTPYKIIUU.
Takes into account shearing influence of an angular ground zone outside a structure.

55
VYnpyras cBs3b
MEXY y31amu /
Elastic constraint between nodals
1-5
Broas rmo6ansabix oceii / Along global axis
X.Y.Z.
Ux.uy.uz
X.Y.Z.
Ux.uy.uz
YuutreiBaer MoAaTIMBOCTb CTBIKOB KOHCTPYKIIHUH.
Takes into account a pliability of joints of a design.



