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Beryn

MeTtoan4Hi BKa3iBKH po3po0iieHo Asist mpoBeAeHHs [IpakTiuuHoi pobotn
Ne2  «MopenroBaHHsS 3TMHANBHOI  3a1i300€TOHHOT OaJIKM  METOJIOM
CKIHYCHHHX €JIEMCHTIB» 3 Kypcy. «MeTon CKiHYEHHUX CJICMEHTIB B
MEXaHilli Ccrmopya» s cryaeHTiB cremianpHocTi  7.06010101 Tta
8.06010101 KpommcnoBe i nuBiIIbHE OYIBHUIITBO» JCHHOI 1 3a04YHOI
(dhopmu HaBuaHHSI. MeToAMYHI BKa3iBKM BUKOHAHI 3TiJHO METH Ta 3aBIaHb

Yacruna 1. CTBopeHHs1 TPUBUMIPHOI MoeJli 3THHAJIBHOL
3aJ1i300€TOHHOI 0aJIKH

1.1 ITocTanoBKa MeTH i 3a1a4 PAKTHYHOI po0OTH

3BakarouyM Ha CBITOBI TEHACHIN J0 aKTHBHOTO 3aCTOCYBAHHS
KOMIT FOTEPHOTO MOJICTIOBAHHS TP TIPOCKTYBaHHI Ta eKCIUTyartarii
KOHCTPYKLil Ta OyniBenb, BITUM3HSAHA OyAiBeJIbHA Tajly3b HE IMTOBHHHA
3QJIMIIATACH OCTOPOHB. 3aCTOCYBAHHS METOMY CKIHUCHHUX €JIEMEHTIB IPH
MPOCKTYBaHHI HOBHIX 3alli300€TOHHUX KOHCTPYKIH JO3BOJIUTH 3HAYHO
CIIPOCTHUTH TPOIEC Ta 36KOHOMHTH SIK 4Yac TaK i KOIITH Ha peai3allito
MOCTaBJICHUX 33/1a4.

MeTor0 JaHOi TIPAKTUYHOI POOOTH € BHUKOHAHHS YHCEITHLHOTO
MOJICTIOBAHHS POOOTH 3THHAIBHUX 3alli300€TOHHHMX EJIEMEHTIB 3a il
OJIHOPA30BOTO HABAaHTAXXCHHS 3 BHKOPUCTAHHSM HENIHIMHUX Jiarpam
nehopMyBaHHS OCTOHY Ta BHYTPILIHLOI CTAJIEBOT apMaTypH.

JIst mocsATHEHHS IMOCTaBICHOI METH HeOOX1THO BUKOHATH TaKi 3ajadi;

- 3 BUKOPHUCTaHHSIM MPOTPAMHOTO KOMIUICKCY, SIKUM 0a3yeThCs Ha
Metomi ckingeHuux eneMeHTiB (MCE) po3poOHTH HMOKPOKOBY METOAMKY
CTBOPECHHS Ta JOCIIPKCHHSI HEiHIHHOT TOBEIIHKH ITOBHOMACIITaOHOI
3aJ11300€TOHHOT OaJIKH;

- JOCHiOUTH HanpyXeHo-1e()OpMOBaHUIA CTaH (HAC)
KOHCTPYKTHBHUX €JIEMEHTIB OalKd TIpH ITOKPOKOBOMY 301JBITICHHI
HABaHTAXKCHHS,

- gocmigutn H/IC apmaTtypu Ta po3TpiCKyBaHHS OETOHY B MOMEHT
BTpaTH HECYUOi 3MaTHOCTI OAJIKH;

- BU3HAYUTH 3YCHJUIA apMOBaHOI 3ali300€TOHHOI OaaKh B MOMEHT
BTPATH HECYYOi 3JJaTHOCTI.



1.2 3aBnaHHs Ta BapiaHTH

HeoOxigHo 3MonentoBaTH OIHONPOJITHY 3alli300€TOHHY Oanky 3
HACTYITHUMH BUXiTHUMHU JaHUMH.

MOHTOKHA '(.Q
apuaiypa
=
pooowa L 74%
apuanpe o | 1
)

Puc. 1.Tlonepeunuii mepepi3 Oanku, mo MOJAETIOETHCS
b — mmpuna 6anku; h —Bucora Gamku

Ta6mumst 1. Po3paxyHkoBa cxema Oaiku

TlopsankoBuii
HOMEp B CITUCKY Po3zpaxyHkoBa cxema
rpynu
1 2
LF
1,6, 11, 16, 21 Frrrrr P
/2 ‘ /2 ’
F/2i LF/2
2,7,12,17, 22 A el
| s Y3 Vs
4
3.8 13,18, 23 B Y
| ! [




IIponoBxkeHHs TaOII.
1

2

F 4
4.9.14. 10, 24 /ﬁiﬁll..l.llw.‘ili‘lui’l{i}

777

| l/2 l/2

Fz2, g E/2
5,10,15,20,28  hiebbraliilviilil]

Y3 V3 ys |

Tabmurg 2. 'eomeTpuyHi po3mipu niepepizy

ITopsanxoBuit .
. Po3mipu nonepeyHoro
HOMED B CIIUCKY Ipomit 6ankwu |, M .
nepepizy bxh, Mmm
rpynu
1,2,3,4,5 1,2 80x140
6,7,8,9, 10 15 90%x160
11,12, 13, 14, 15 1,8 100x150
16, 17, 18, 19, 20 2,1 100x160
21, 22, 23, 24, 25 2,4 100x180
Taomurs 3. Marepianu Oanku
Hopanxosui Kinbkictsh . HasBHicTh
HOMED B . Kiac po6oyoi B
pobouoi Kiac 6etony MOHTaKHOT
CIINCKY ApMATYDH apMaTtypu ApMATYDH
Tpynu p
1 2 3 4 5
C 16/20
A 400C _
1,7,13,19 2310 (f,a = 365MITa, (foq = 11,5MIla, +
25 E.= 2,116 MITa) | _ "7 LIMITa,
sT & E.q = 2,0x10 MIla)
C 25/30
A 400C _
5,6,12,18 212 (f,a = 365MITa, (fcd_— 17MlIla, i
24 E.=2,1x16 M) | _ @7 26MIla,
ST & E.q = 2,5%10 MIla)




IponoxeHHs Tadn. 3

1 2 3 4 5
C 30/35
] A 240C h
4,10,11,17 , 1, (0= 225MTa, (fug = 19,5MITa, ]
23 - 6 fC'( = 2,8MHa,
E, = 2,1x16 MIIa) E., = 2.7x10 MITa)
C 20/25
A 500C h
3,9, 15, 16 2312 (fy = 435MI1a, (foq = 14,5MTI1a, +
22 b 5 fe = 2,2MlIla,
Bs=20<10MIla) | £ '~ 5 3,10 MiTa)
C 12/15
A 500C ~
2,8,14,20) , 5.0 (fa= 435MTa, (fog = 8,5MIa, .
21 E i 2 Oxlé MII fct = 1,6MHa,
= & 2) | g, = 1,63x16 MTa)
Ipumimku:

- MOHT@)KHa apMaTypa y BCiX BHIaIKax IpoekTyeThest @ 6 A 240C;
- koediuienT ITyaccona mis 6etony v =0,2;
- koediuienT [Tyaccona mist cram v =0,3.

IToka3zuukm MImMHOCTI OETOHY Ta apMaTypd Ta BCi ITO3HAYCHHS
BIJINIOBIAAIOTE!

1. JIbH B.2.6-98:2009KoHcTpykuii OyaunHkiB i cnopya. beronni Ta
3ami300eToHHI KOHCTpyKLii. OcHOBHI monokeHHA. — KuiB: MinperionOyn
Vkpainn, 2011. — 7k.

2. JICTY b B.2.6-156:2010Konctpykuii OyanHkiB 1 ciopyn. betonni
Ta 3aJ11300€TOHHI KOHCTPYKIIi 3 Baxkkoro 0eTony. [IpaBuna mpoeKTyBaHHS.

— KuiB: MiHICTepCTBO pEriOHALHOTO PO3BHTKY Ta OyMiBHHUIITBA YKpaiHH,
2010.- 166.

1.3 Metoauka moaeaoBanuss MCE B ANSY S Mechanical APDL

VY SKOCTI MUKy pO3TIsSAaeThCs OanKa:
- PpO3paxyHKOBa cxema

F/2i lF/2

s U3 I3

- TEOMETPHUYHI pO3MipH mepepizy
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Po3mipu monepeunoro

Ipomit 6ankwu |, M nepepizy bxh, mm

1 100x160
- Martepiaji OanKku
KinpkicTh .. HasBnicTh
. Knac po6ouoi .
pobouoi ADMATVDIL Knac 6etony MOHTa)KHOT
apMaTypu PMATyp apMaTypu
C 20/25
_A 500C (fcd = 28MHa,
2010 (fya = 517,2MI1a, £ =2 1MIa +
Es = 2,05x106 MITa) o !
E.q = 2,395x10 MITa)

3amizo0eToHHy Oanky MOZETMIOEMO 3 BHUKOPHCTaHHSAM HPOTpaMu
ANSYS Mechanical APDL 14.5 rpagiunomy pexxumi (GUI).

ITocaigoBricTh cTBOpenHst CE momeni:

1. ¥V menro Preferences6upaemo tum ananizy — Structural fuc. 2).

Fulansys Multiphysics Utility Menu

Eile Selsct List Rlot PlotCirls WorkPlane Farameters Macra MepuCtrls  Help:

EEEEEERIE
Toolbar
| save o8l resum ol aur| PowreReH]

Wain Menu € [[1A\preferences for GUI Filtering

[KEY\W] Preferences for GUI Filkering
Preprocessor Individual discipline(s) to show in the GUT
Solution
General Postproc
TimeHist Postpro
ROM Tool T AKSYS Fluid
Prob Design
Radiation Opt Lirelzaten

Session Editor
E Finish [T Magnetic-Nodal

I Thermal

Electramagnetic:

I Magnetic-Edge
I High Frequenicy:
™ Electric

Mote: If na individual disciplines are selected they will all show,

Discipline options
* h-Method

Puc. 2. Bubip Tumny anamizy

2. Obupaemo Tum  ckiHueHHumX  enemenrtiB  (SOLID65)  mns
MojemoBanHs 6etony: Preprocessor — Element Type — Add/Edit/Delete —

Add — Solid — concrete6pigc. 3).
8



FiVensys Multiphysics Utility Menu

Eile Select List Plot PlotCirls WorkPlane Parameters Macro MenpuCtls Help

PR £

Toolbar
Ausinenoil
e —,
Iain Wenu &

|

Preferences Defined Element Types:

B Preprocessor
B Element Type

& Elem Tech Control
Real Constants
Material Props
Sections
Modeling

SOLIDES

=IAdd/EditiDelste)

Switch Elem Type fu\Library of Element Types

J}::fng\?eFDDFs Library of Element Types e 4o iey <
Brick 8 node 185

Solid-shel
Constraint.

Z0node 186

Tet 4 node 285

Meshing Element type reference number

Checking Ctrls

Numbering Ctrls

Archive Model L= | | cencel| web |

Coupling/ Cegn

m Bl NTRAN Qatlin

Puc. 3. Bubip ckinuennux enementiB (SOLID65) mis MogemoBaHHs
HETHIHHOTO OETOHY

3. Bceranosmoemo ommii (kaornka Options)enementa SOLID65, 3rigH0
puc. 4.

mElement Types X

Defined Element Types:
SOLIDES

f4\ SOLIDGS element type options [<]

Options for SOLIDES, Element Type Ref, Mo, 1

Extra displacement shapes K1

=

N-R load vector 'I
Inkeqgration pts 'I
Integration pts 'I
Include =

Suppress 'I

Help |

Crushed, unreinforced K3
Cancrete linear solu output K5
Caoncrete nonlin solu output K6
Stress relax after cracking K7

Tatally crushed warning K8

Add Options * |
I

Puc. 4.Bcranosnenns onuii enemedra SOLID65

Cancel |

4. OOupaemo Ttun ckindeHHux enementiB (BEAM180) s

MoJIeNoBaHHs apmarypu. Preprocessor — Element Type — Add/Edit/Delete

— Add — Beam — 2 node 188ic. 5).
9



Ji\Element Types x|
ANSYS
Defined Element Types R14.5
Type 1 SOLIDBS OCT 21 2015
7 BE! ¢ 20:01:12
fA‘Lihrary of Element Types

Only structural element types are shown

Library of Element Types 30 finite strain

3node 189

Solid-Shel
Constraint

Element: bype reference number
[s]4 Apply | Cancel
Add... Options.. | Delete |

Close | Help

Puc. 5. Bubip tumny ckinuennux ejxementis (BEAM188) ms
MOJICITIOBaHHS apMaTypH

| Znode 188

Help |

5. 3amaemo MexaHiyHi BIacTUBOCTI OeToHy Kiacy C20/25:

- mo4YaTKOBHUI MoAyib npyxkHOCTI Ecqe=EX=23950MIlIa ta xoedirieHt
ITyaccona v =0,2 (puc. 6) npu cruckanni: Preprocessor — Material Props —
Material Models — Material Model Number 1 — Struefu— Linear —
Elastic - Isotropic.

Aain Menu &
3 Preferences = VOLUMES
3 Preprocessor Y Yo Moteral Modelsehavor |
Element Type ' Material Edit Favorite  Help
Real Constants Material Models Defined Material Models Available —
B Material Props
Material Library 2| Mumber 1 Favorites
Temperature Units @ Linear Isotropic & Structural
Electromag Units € Concrete &8 Linear
Material Model Mumber 2 & Elastic
Convert ALPx 8 |

Change Mat Num

Failure Criteria o
B Write to File
B Read from File Linear Isotropic Material Properties for Material Mumber 1
Sections hsion
Modeling T1
Meshing

Checking Ctrls Temperatures 0 e

Numbering Ctrls o EX -
Archive Model PRXY 0.2 B
Coupling i Ceqn —= —
Multi-field Set Up

Puc. 6.3aganHs npyXHUX BIaCTUBOCTEH OETOHY MPU CTUCKAHHI

10




- HeJiHilHI BIacTHBOCTI OETOHY MpHU PO3TpicKyBaHHi: Preprocessor —
Material Props — Material Models — Material Modalmber 1 — Structural
— Nonlinear — Inelastlc — Non-metal Plast|C|ty -nCrete puc. 7, Ta6J‘I 4).

U IO—
N [ e
Main Menu Material Edit  Favorite  Help
Preferences 7~ Material Models Definet Concrete for Material Number 1
8 rE’?:;::ts-?yrp e e aterial Model Num)
= Real Constants @ Linear Isotropic T
2 Material Props @ Concrete Temperature 0
Material Library @ Mulilinear Elasti | apen Shear Transfer Cosf 02
& Temperature Units Material Model Numl | 1,004 Shear Transfer Coef 08
g Its Uniaxial Cracking Stress 2.1
B Convert ALPx Uniaxial Crushing Stress 28
B Change Mat Num Biaxial Crushing Stress 0
g Cval_lturte ':;r_'lte"a Hydrostatic Pressure 0
= R;ﬂ(el f:or:leFiIe Hydro Biax Crush Stress 0
= Sections o Hydra Uniax Crush Stress 0
Modeling ~ |Tensile Crack Factar 0
Meshing
& Checking Ctrls
Numbering Ctrls
Archive Model
& Coupling f Cegn Add Temperaturel Delete Temperaturel Add Rowl Delete Rowl Graph
Multi-field Set Up
Loads oK. | Cancel | Help

Puc. 7. HemniHiifHi BIIacCTUBOCTI OETOHY MPH PO3TPICKYBaHHI

Tabnuus 4. 3HaueHHs HENMHIMHUX mapaMeTpiB OETOHY MPH PO3TPiCKyBaHHI

Hassa napameTpis 3HaYCHHS
Open shear transfer coefficierbédirient 0,2 (mms Beix
B3a€MOJIi1 OeperiB TPIMHY TPH ii BiIKpUTTI) (5Y) BapiaHTIB)
Closed shear transfer coefficierbédinient 0.8 (s Beix
B3a€MOii GeperiB TpirmHu 1pH ii 3akputTi) (Bc) BapiaHTiB)
Uniaxial Cracking Stresg¢spaxyHkose 2,1 (3rigmo
3HaueHHs MilHOCTI OeToHy Ha po3tsr) T, MIla BapiaHTy, Taom. 3)
Uniaxial Crushing Stresgp{spaxyskose 28 (zrigno
3Ha4YeHHs MilHOCTI GeToHy Ha ctuck) f., MIla BapiaHTy, Tab. 3)

Jnst MozenmoBaHHS pyHHYBaHHS OETOHY 3a CTHCKaHHS y POOOTI BHKOPHCTOBYETHCS
i30TponHa MOJiTiHIiHA MOIeNnb MOBENiHKM OETOHYy, sKa 3amporoHOBaHA YiIbIMOM i
Bapuke (William & Wranke) [1].

3rinHo moxeni Yinesima i Bapuke HemiiliHy aiarpamy aedopmyBaHHs OeToHy 3a
CTUCKaHHd MOXHa IOOYMyBaTH 3a BIIOMHMH 3HAYEHHSAMH MEXaHIYHHMX BIIACTUBOCTEH
OeToHy, 30KpeMa:

- 3Ha4YeHHs MiIHOCTI OETOHY Ha CTHCK (HamlpyKeHHs pyiHyBaHHS 6eToHY) f.4;

- II0YaTKOBHUI MOMYJIb IPYXKHOCTI OeTOHY E 4.

@Dopmyiy, SKi BHKOPHCTOBYIOTHCS JUIS ITOOYIOBY HeNiHINHOI Aiarpamu nedopMyBaHHS
0eTOHy Ha CTHCK:

11



_ Eyqle 1)

f I3
1+(—)?
)
gy = 2l fea )
Ecd
E =1 3)
£

Ae f — HanpyKeHHs 32 J0BiNbHOI nedopmanii £ ; &£, — Aepopmaris NPy HANPYKEHHI
pyiiHyBaHHS GETOHY Ha CTHUCK 4.

Po3risiHeMO MeETOAMKY MOOYIOBH Jiarpamu aedopmyBanHs GeroHy (puc. 7.1) Ha
TIPHUKJIIATI.

Ilpuknao

Buxinni qani MiaocTi 6€TOHY (3rifiHO BapiaHTy):

f.g = 28MIla; E 4 = 23950MI1a.

Touka 1 —niovartok airpamu geopMyBaHHS, IPH

f=0MIlai & = 0OMm/mm.

Touxa 6 — Binnosinae 3nauenHo kputHuHoi nedopmanii 6erony € = &, (npuf=f4=

28MIla) i Bu3Haua€eThCs 3a HOPMYJIOH0:

f= fcd = 28MIla;
20F
£=gy="—% = 2128 =0,00234vn | am.
Eq 23950

Touxa 2 — Bignosinae moyatkosiii (30%) AiIsHII NPYKHOCTI OETOHY i BU3HAYAETHCS 32
¢bopmyoro:
f=fo3=28%0,3 = 8,4MIIa;
Eg 23950
Touxu 3, 4, 5 - npoMikHi TOYKH aiarpamu, BH3Ha4arOThCs 3a (opmynoro (1) npu
nedopmarisx 45%, 60%, 80%8ix kpuTuaHOT &y

£E=§& = 3507E - 4mm [ mm.

mouka 3 - £ = 045x &y =0,00105um / mm;
E. (& _ 2395000,00105
1+(i)2 l_'_(0,0010 2
& 0,0023
mouka 4 — ¢ = 0,60x% &y =0,0014mm [ mm;
Eq & _ 2395000,0014
1+ (i)Z 14( 0,0014 .,
& 0,0023
mouka 5 - £ = 080x &£, = 0,00187wum [ mwm;

f =

=20,956MI1a;

f =

=24,706M11a;

12



EnF _ 23950(0,00187

f= =27317MIa;
£ 0,00187, ' ’
1+()? 1+ ()P
& 0,0023
30 f MMa . 5 6
25 | . " —" Touxn Tedopnari HaT;DYDKE:HH‘FI
3 / £, MM/MM JMlla
20 . 1 0 0
2 3,507E-4 8.4
137 3 0,00105 20,956
100] 2 4 0,0014 24,706
- 5 0,00187 27317
5,
/ £ MM/MM 6 0,00234 28
o1 ‘ ‘
1,0x10° 2,0x10°

Puc. 7.1.TTonininifina i3oTponHa aiarpama aegopMyBaHHs OETOHY 32 YMOB CTHCKY
(3rimHo Moneni Yinbsima - Baphke)

- BBOJMMO I30TPOINHY MOJUIIHIHHY miarpaMy nehopMyBaHHS OCTOHY

npu cruckauHi (YVinesama - Bapuke) (puc. 8): Preprocessor — Material Props

— Material Models — Material Model Number 1 — Stwral — Nonlinear —
Elastic — Multilinear Elastic.

| ooIDar

-1 \nefinc Material Model Behavior [x]
SAVE_DB| RESUM_DB| Matsrisl Edt Favorice tielp
—_————————— [ Material Models Defined Waterial Models Available
ain Menu
= Pref Fedviaterial Model Murmber 1 Favarites =
. Pre erences € Linear Isotropic & Structural
rg’;::ris.f." e € Concrete Linear
Real Cons!tf;nts @ Multilinear Elastic o8 Nonlinear
B Material Props Waterial Model Number 2 8 Elastic
Material Library Hyperelastic
B Temperature Unit @ |
B Electromag Units
[ElMaterial Models|
E gﬁ;:;: a:rr’flum Multilinear Elasticity for Material Number 1
Failure Criteria
B Write to File T I 0
B Read from File STRAIN STRESS
Sections 1 o
Modeling i |
Meshing ) 2 |pooozsor g4 H
Checking Ctrls 3 0.00105 20.956
Numbering Ctrls 4 0.0014 24 706
5 0.00187 27.317
6 0.00234 28
ath Operations Add Temperature| Delete Temperalurel Add Pomtl Delete Poim| Graph
i3 | Cancel | Help | —
O T Ty =o o | ot

Puc. 8. Benenns i30TponHoi nominiHiAHOI AiarpamMu AeopMyBaHHS

OeToHy IIpH CTHCKaHHI (Mozens YinbsaMa - Baprke)

13



6. 3agaemMo MexaHiuHi BIACTUBOCTI CTalli apMaTypH:

- E€KCIEPUMEHTAILHO BU3HAYEHU MOZAYJb MIPY>KHOCTI
EX=2,05x10 MIla ta koediuient [Tyacona v PRXY=0,3: Preprocessor —
Material Props — Material Models — Material — Newod#&l — Define
Material ID 2 — Material Model Number 2 — Struel+ Linear — Elastic —
Isotropic puc. 9).

MalnMenl [Ty p—y— B S
E Preferences flaterial | Ede Favorite Help
B Preprocessor

Element Type - Material Models Defined ™ Material Models Available
Real Constants = Favorites =]
B Matetial Props & Structural
Material Library ) & Linear [a\Linear Isotropic Properties for Material Number 2.
& Templeraturs Uil @ Bilinear Kinematic 8 Elastic
g Itt (@ Material Model Number 3 Ellicotropic Linear Isotropic Material Properties for Matetial Mumber 2
[Material Models] @ Orthotro
pic
E Convert ALPx
B Change Mat Nur @ Anisotropic T
Failure Criteria Nonhr_wear Temperatures |0
£ Write to File © Density £
B Read from File Therrmal Expansion
Sections Damping RXY 0.3
Modeling @ Friction Cosfficient
Meshing Specialized Materials
Checking Ctrls
umbeing Ctris | Add Termperaure | Dielete Tempersture | Craph

rchive Model =l =l o

__oHPHn_g_Ingp 0K Caneel Help
Puc. 9.JliHilini MeXaHI4HI BJaCTUBOCTI CTalli apMaTypu

- OinmiHiIiHY TNPYXHO-IUIACTUYHY  Jiarpamy  aedopmyBaHHS  —
HaNpy>KeHHs1 YMOBHOT Mexi TekydocTi Yield Stss §oo)= 517,2Mlla ta
koedimieHT Haxwiay KpuBoi IumactmyHocti Tang Mods = 4000:
Preprocessor — Material Props — Material Models atavlal Model
Number 2 — Structural — Nonlinear — Inelastic — eR&tdependent —
Kinematic Hardening — Mises Plasticity - Bilineau¢. 10,puc. 11).

=
L D TN 1., Mot il Model Behvior (=[00x]
E Preferences Material Edi Favorite Help

B Preprocessor
Element Type

[~ Material Models Defined ——— |~ Material Models Available

eal Constants Waterial Model Numb: =| Favorites .l _

& Material Props B e

Material Library @ Linear Isotropic 3 Linear

g'El'lemzzeratureUUQ @ Bilinear Kinematic 8 Elagtic Bilinear Kinematic Hardening for Material Murm

B Mde Material Model Number 3 € Isotropic

€ Orthotropic Stress-Strain Options

B Convert ALPx

& Change Mat Nur & toni & Anisotrapic

Failure Criteria ongear

B Write to File lastic

B Read from File & Inelastic Temperature

& Curve Fitting —

8 Rate Independent ield Stes Siv 4
lsotrapic Hardening F | Tang hods 3000

€ Generalized Anisotrc

28 Kinematic Hardening

8 Mises Plasticity

Sections

Coupling i Cegn &
Multi-field Set Up IEl & Mutiinesr 17 Adid Temperaturel Delete Temperaturel

Puc. 10.Hemniniitni (0iniHiliHe KiHEeMaTHYHE 3MIIHEHHS) MEXaHIUHI
BJIACTHBOCTI MaTepiany (CTayb) apMaTypH
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00
TE0
B0
560
HE0
SIG 4
0
40
160

&0

o [xli*%-F]

] & .4 B L& 1

EPS
Puc. 11.1IpyxHo-tutactiuyHa OiniHiiiHa Aiarpama gedopMyBaHHS
Mmarepiany apmarypu (OutiHiiHE KiHEMaTHYHE 3MIIIHCHHS)

7. 3agaeMo reoMeTpUUHI mapameTpu mepepizy apmarypu. Ha puc. 12
MOJIaHO TPHUKJIA] CTBOPEHHs ciueHHs 3 miamerpom [110 mm. VY BikHi Beam
Tool HeoOxiaHO 3aaaTH: JA0BiIBHE iM 51 “Name”, st 3pyYHOCTI BITUCYEMO
“ten”; tun nepepizy “Sub-Type” —obupaemo kpyrisii npodinb; pamiyc
R=0,005m; s3mauenns N=10 (po36mBka ciuenus Ha 10 TpuUKyTHHX
cermenTiB) Ta T=3 (po30uBKa CiuyeHHS Ha 3 pajiaidbHi CEIrMEHTH) IS
SKICHOI PO30MBKH CiUCHHS HA CKiHUCHHI eleMeHTH. [1icis BBeIeHHs TaHuX
cmig HarucHyTH ApPpPly. MokHa TeperissHyTH PO30OHTTSA Iepepisy Ha
CKiHYEHHI eJIeMEHTH 3 BUKOPHCTAaHHAM KHorku Meshview.

Iepepisu apmatyp iHmmx giamerpis, Hanpukiaan (06mm — ID2, Name
“SiX”),  CTBOpIOIOTBbCS aHAJOriyHO. IneHTH@ikaumiiauii Homep ID
HPUCBOIOEThCS aBToMaTndHo, Namecnizn Bkaszatu: Preprocessor — Section
— Beam — Common Sectionsit. 12).

8. BcranoBmoemo peanbHi koncrantn Real Constantsiis Gerony
(SOLID65) fpuc. 13a, ©0): Preprocessor — Real Constants -
Add/Edit/Delete.

V Bikui Real Constantsaruckaemo “Add”, y Bikui “Element Type for
Real Constantsiuoupaemo “Type 1 SOLID65” puc. 13a), micns doro y
BikHi “Real Constant Set Number for SOLID69u¢. 1306) natuckaemo
“Apply” Ta “OK”.
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Mein eny ®

'ﬁeferences - x = Centroid a = ShearCenter D |:|
2 Preprocessor
Element Type Name
Real Constants Sub-Type [ -
Material Props e —
B Sections Offset To Centroid >
Section Library
= Beam Oifzety Cl
= oz
Custom Sections _

Taper Sections
B Plot Section
B Sect Control
NL Generalized o
Composite Sections
Shell
Pretension
Joints
Reinforcing
Pipe
Axis
Contact
B List Sections

Delete Section

@ M dnliv =
= e

Puc. 12.BcraHOBIIEHHS T€OMETPUYHUX [TAPAMETPIB CIUCHHS apMaTypH

a) | SAvE_DB| RES |
—  Defined Real Constant Sate L
Main Menu NONEDEFINED mEIement Type for Real Constants !E ﬁ
— - Choose element type:
B Preprocessor
Element Tyt Type 2 BEAMIEE
Bl Real Constz
A
Thicknes

Material Pro
Sections
Modeling
Meshing
Checking C
Numbering
Archive Mot
CouplingIC " adg | Far
Multi-field S
Loads
Physics

Path Operat Close |

Solution

® General Postproc ||I. Ok | Cancell

TimeHist Postpro

16



6) =ivE DE| BESUM | |—<| Al | Elemerit Type Reference Mo, 1
| — — Real Constant Set No.

. = 1
viain hienu L' Real constants for rebar 1
2 Preprocessor Material number MATL
@ Element Type ‘olurre: ratio VR
= Real Constants

mlAddiEditiDelete) Orientation angle  THETAL

E Thickness Func Ovlentation angle BHTL
@ Material Props
Sections Real constants far rebar 2
Modeling Material number MaTZ
= Meshing .
@ Checking Ctrls E e Ig
B Numbering Ctris Oriertation angle  THETAZ

& Archive Model

: Orientation angle PHIZ
® Coupling i Cegn
Multi-field Set Up Rieal canstants for rebar 3
= Load_s Material numbsr MATS
= Physics
Path Operations AL R
= Solution Oriertation angle  THETAS

@ General Postproc
@ TimeHist Postpro
# ROM Tool = Crushed stiffness fackor  CSTIF
@ Prob Design

= Radiation Opt
E Session Editor

FH Eimimls 4

i |

Crientation angle PHIZ

LU

oK l Agply | Cangel I Help |

I Siateaimmaniiibameanambise A Arav

Puc. 13.BcraHoBIIEHHS pealbHUX KOHCTAHT JUIsI €JIEMEHTIB OCTOHY
(SOLID65)

9. CrBOpeHHS TPUBUMIPHOI MOBHOMACIITA0OHOT MOJIEN 3ai300€TOHHOT
Oanku. 3 ypaxyBaHHIM YMOB CUMETpii, MOJICITIOEMO UYBEPTh OAJTKH:

- CTBOPEHHS KIIOYOBHMX TOYOK Iepepidy Oanku B muromuHi OYZ, 3
KoopauHaTtamu (y MeTpax, M.):

.1, x=0y=0,z=0;

1.2, Xx=0y=0,16,z=0;

1.3, x =0,y = 0,16, z=0,05;

1.4, x=0y=0,z=0,05.

Yeaza! Ilepepi3z 0ajqku moBHHEH OyTH NMOOYIOBAaHUI B TUIOUIUHI
OYZ, 10610 Bich OX mMOBMHHA JIeKATH B3I0BXK IPOJILOTY O0aJIKu
(apmatypu). ¥V inmomy BHmaaky ejeMeHT apmatypu Beaml188 oyne
NMPaINOBATH HEMPABWILHO i pe3yabTaTH OyAyTh HeAOCTOBipHUMMH!

Ha puc. 14 nmogmano mpukiax cTtBopeHHs Touku T.4.. Preprocessor —
Modeling — Create — Keypoint — In Active CS.
17



hlain Menu @&

5 Preferences =
= Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
B Keypoints
2 0nWorking Plane
= L
Z0nLine
#0n Line wiRatio
#0n Node
# KP between KPs
A Fill between KPs
KP at center
Hard PT on line
Hard PT on area
Lines
Areas
Volumes

Nodes

1
FOINTS ANSR
TEPE NUH 2 B OCT 22 201
08:19:%
ﬁ Z 4
fA\Create Keypoints in Active Coordinate System [<]
[K] Create Keypoints in Active Coordinate Systsm
WPT  Keypoint number
%¥,Z Location in active C5 ‘ 0 | | 0

| —

oK | Apply | Cancel | Help |

Puc. 14.CtBopeHHs KIIIOYOBUX TOUOK mepepily O0anku B miomuHi OYZ

- CTBOPEHHS IUTOLIMHHK (TOpLs OGankm) 3 KIo4oBuX TO4Yok (puc. 14):
Preprocessor — Modeling — Create — Areas — ArlyitraFhrough KPs.

V BikHi “Create Area thru KPsBsonumo ximrouosi Touku 1, 2, 3, 4i
Hatuckaemo “OK”. Ilto omeparmiro, TakoXX, MOXHa BHKOHATH MIUISIXOM
MOCJIIIOBHOTO BUOOPY TOUOK Ha €KpaHi MHIIKOIO.

hain Menu @
1 Preferences = POINTS
I Preprocessor TYPE NUM 2 3
Element Type & Pick  Unpick
Real Constants
Material Props F single {Box
Sections Ol Polyaon ¢ gircle
2 Modeling ¢ Loop
E Create
Keypoints By = O
Lines Maxinum =
E‘Areas L Minimum =
= Arbitrary FevP He. =
A ¢

Elements

# Overlaid on Area

p2l BY Lines " Min, Max, Inc
2 By Skinning
A By Offset 1,7,3,4
Rectangle
Circle -
Polygon Apply |
# Area Fillet
Volumes ﬂl ﬂl
MNodes Pick Alll Help |

 List of Items

Puc. 15.CtBopeHns moBepxHi mepepisy (Topiist 0anku) 3 KIIFOYOBHX TOYOK

B rwrommHi OYZ
18



- CTBOpEHH: 00’ €My Oaliku LUIIXOM BHTSTYBaHHS IOBEPXHI Iepepizy
B310BK HOopMaii(oci OX) mo OYZ wa 1 m (puc. 164, 6, B): Preprocessor —
Modeling — Operate — Extrude — Areas — Along Normal

IMpu nosBi BikHa “Extrude Area by Normal’mwumikoro Buainasemo
IUTOIIUHY [T BUTATyBaHHs (prc. 16a) i Hatuckaemo «OK».

ITortim, y Bikui “Extrude Area along Normal’pfic. 166) BHOCHMO

3HAYCHHS Bimgami BuTsaryBaHus “‘Length of extrusion” Im. Ilicas
HaTrcKaHHs «OK» orpumyeMo 00’ €M uBepTi OasKH.
a) _Main Menu @
Preferences = AREAS
et e TIEE
Real Constants @ pick " Unpick
Material Props
Sections (o) Single " Eox
B Modeling €l Polygon (¢ pircle
Create ) Loop
B Operate ..
= Extrude rowne
Elem Ext Opts Haimam =L
E‘Areas Minimum = 1
Area HNo. = 1

7 I
& By XYZ Offset
2 About Axis
2 Along Lines
Lines
Keypoints
2 Extend Line
Booleans
Scale
Calc Geom ltems
Move | Modify

(* List of Items

(o Min, Max, Inc

|

()24

Reset

Pick A1l Help

I
i

Copy
0) MainMenu @
Preferences = AREAS
B Preprocessor TYPE MU

Element Type
Real Constants
Material Props
Sections
& Modeling
Create
B Operate
B Extrude
E Elem Ext Opts
B Areas
Al long Normal il
A By XYZ Offset
A About Axis
2 Along Lines
Lines
m Kaunninte

19

f4\Extrude Area along Normal
[WOFFST] Extrude Area along Mormal
NAREA Area to be extruded

DIST Length of extrusion

KINC Keypaint increment

3 Apphy

ANSY
R1

0cT 23 201!
12:56: 28

1L,

P | Help |




B) TYPE NUM

Puc. 16.CrBopenns 06’ eMy O0ainku HUIIxoM ii Butsarysanus “Extrude”
B310BX HopMmaui (oci OX) mo o OYZ

10. Po3ourrsa 00’'emy Oanku Ha ckinueHHi enementu SOLID65, ski
NIPU3HAYCHI TSI MOJICITIOBAHHS OCTOHY:

- BHOIp THIy CKiHYCHHUX eJIEMEHTIiB, Matepiainy (puc. 17):
Preprocessor — Meshing — Mesh Attributes — Defattitbs.

VY Bikni “Meshing Attributes”Bkazyemo: THn CKiHYEHHOTO eleMEHTa
“[Type] Element Type Number’” — 1 SOLID65jopsakoBuii HOMEp
Mmarepiany "Material Number” — 1Hartuckaemo «OK».

htain ienu ® ANSYS
Preferences = VOLUMES R14.5
& Preprocessor TYPE UM

OcT 23 2015
Element Type 12:58:32

Real Constants
Material Props
Sections

Modeling
9 Meshing
= 'ée' Default Attributes For Meshing
B Al Keypoints [T¥PE] Element type number 1 SOLIDES
A Picked KPs
B All Lines [MAT] Material number 1 -
# Picked Lines | [REAL] Real constant set number I
B All Areas
# Picked Areas [ESYS] Element coordinate sys 0 -
B All Volumes

A Picked Volumes
Volume Brick Orient
B MeshTool
Size Cntrls
B Mesher Opts oK |
Concatenate
Mesh

[SECHUM] Section number

G | Help |

Puc. 17.Bubip Tumy CKiHYeHHUX €JIEMEHTIB Ta MaTepiaixy OeToHY

- TOIiN TOpIEBMX TpaHel Ha Binpisku moBxuHO0 0,025M (puc. 18 a,
6)). Ilicna Bubopy B Menio “Picked Lines” puc. 18 a) Ta mosBu BikHa
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“Element Size on Picked LinesfiBoio KHOMKOI MHIIKH 00HUpaemMo 8
TOPIIEBHX IpaHei mapanenerinena (puc. 18a) ta Hatrckaemo «OK». TTicas
nosiBu BikHa “Element Size on Picked Linespyc. 186) nasnpotu “SIZE
Element Edge Lengthmcyemo 0,025m ta Hatnckaemo «OK>».

a)

ain Menu

®

B Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
& Meshing
Mesh Attributes
MeshTool
B Size Cntris
SmartSize
B ManualSize
Global
Areas
B Lines
B All Lines
7
# Copy Divs
Z Flip Bias
A ClIr Size
Keypoints
Layers
Concentrat KPs

©) Main Menu @&

= Preferences =
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
B MeshTool
B Size Cntrls
SmartSize
B ManualSize
Global
Areas
B Lines
B All Lines
PP icked Lines
2 Copy Divs
Z Flip Bias
A Clr Size
Keypoints

- VOLUME S

TYFE NUN

Element Size on Picked Lines

4 pick ™ Tinpd ck

" Box

" Polygon (" circle
" Loop

(* single

Count = 8
Maximum = 12
Minipum = 1

Line No. = &

@+ List of Items

" Min, Max, Inc

|

i
Elil

RBeset
Pick All

Cancel

Help

VOLUMES
TYPE NUIM

ANSYS

R14.2

OCT 23 2015
12:58:32

—
f4\Element Sizes on Picked Lines

[LESIZE] Element sizes on picked lines
SIZE  Element edge length
NDIY Mo, of element divisions

(NDIV is used anly if SIZE is blank
FNDIY SIZE,NDIV can be changed

SPACE Spacing ratio

L

=

or zero)

0.025
v e

<

ANGSIZ Division arc (degrees)

[ ]
L]

{ use ANGSIZ only if number of divisions (NDIV) and
element edge length (SIZE) are blank or zero)

Clear attached areas and volumes

0K |

q

No

Ay | Gorel |

Puc. 18.1Toxin TopueBux rpaneii Ha Biapizku goexuHow0 0,025M

- TOiN YOTHPHOX TIOB3JOBXKHIX TpaHedl Ha BIAPI3KKM JOBKUHOIO
0,05Mm. (puc. 19a, 6). ITicis Bubopy B menro “Picked Lines” puc. 19a) ta
nosien BikHa “Element Size on Picked LinesfiBolo KHONKOI MHILIKH
obupaemMo 4 MOB3JOBXHI TpaHi mapanenenineaa (puc. 19a) Ta HaTHCKAEMO

21



«OK». Ilicns mosiBu BikHa “Element Size on Picked Linespic. 19 6)
masnporu “SIZE Element Edge Lengthémucyemo 0,05M Ta Hatnckaemo
«OK».

a) Wain Menu @
Preferences = VOLUMES
= Preprocessor B——
Element Type &
+ Tick i Unpick
Real Constants
Material Props @ single ( Box
Sectio_ns " Polygon (" Circle
Modeling " Locp
B Meshing
Mesh Attributes Count = 4
MeshTool Mazimam = 12
B Size Cntrls Miniman = 1
SmartSize Line Mo, = 8
2 ManualSize
Global o % List of Iteus
A_reas ¢ Min, Max, Inc
B Lines
All Lines l‘—
PAlPicked Lines|
A Copy Divs S ——
A Flip Bias hpply
A Clr Size
Keypoints Reset Cancel
Layers Pick Al1 Help
M Cancantrat KPe —I —I
6 ain Menu @
) E Preferences Pl VOLUMES ANSRTJ
B Preprocessor TYFE NI OCT 23 2015
Element Type 12:58:32

Real Constants
Matetial Props
Sections
Modeling
B Meshing
Mesh Attributes
E MeshTool
B Size Cntrls
SmartSize
B ManualSize

Global e

Areas
B Lines
& All Lines
7
2 Copy Divs
Z Flip Bias
2 Clr Size
Keypoints

Layers
[ A brmb LD

fi\Element Sizes on Picked Lines

[LESIZE] Element sizes on picked ines
SIZE  Element edge length
MDIY Mo, of element divisions

(WDIV s used only IF SIZE is blank or zsro)
KYNDIV SIZE,NDIY can be changed

SPACE Spacingratio

[ tes

ANGSIZ Division arc (degrees)

element edge length (SIZE) are blank or zero)

L |
L |

{ use ANGSIZ only if number of divisions (MDIY) and

Clear attached areas and volumes

oK | Apply |

~
3

Cancel | He

Puc. 19.Tloxin 90THPBOX MOB3IOBXKHIX IpaHeli Oanku Ha Bigpi3KH

nosxuHaor 0,05m

- crBopeHHs (nmoain Ha perymsapHi (Mapped) ckiHYeHHI eIeMEHTH)
Mozeal Oanky, ska Mae€ MexaHIiuHI BJIACTHBOCTI OeToHy. Preprocessor —
Meshing — Mesh — Volumes — Mapped — 4 or 6 sided.
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IMicns mostBu BikHa “Mesh Volumes” niBor0 KHOMKOI MUIIKH
Bigmiuaemo Ganky 1 mHatmckaemo «OK» (puc. 20). Otpumyemo
CKIHUCHHOCJIEMEHTHY OBHOMAcIITaOHy MOJ1e)Tb 06 TOHHOT Oaiku (puc. 21).

Main Menu ®

Real Constants
Material Props
Sections
Modeling
= Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
B Mesh
2 Keypoints
A1 Lines
Areas
B Yolumes
B Mapped
A
Concatenate
Del Concats
Z1Free
Volume Sweep

Preferences = VOLIMES
B Preprocessor S [Mesh Yolumes |
Element Type * pick  Unpick

(% Zingle 1 Eox

" Polygen (" Circle
' Loop

Count =

(S SR

Minimuam =

@ List of Items

(" Min, Max, Inc

|

Apply |
Reset Cancel |
Pick a4ll Help |

Hdl

Puc. 20.CTtBOpeHHS CKIHUCHHOCIEMEHTHOI MOJIE)I OCTOHHOI Oaliku

3in Menu

@

2references
2reprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate

-

B2 Mesh L
& Keypoints
A Lines
Areas
B Volumes
2 Mapped
7
Concatenate
M Al Y anmbs

Puc. 21.CkiH4eHHOEIIEMEHTHA MOJEIb OETOHHOT OaIKH



11. CrBopeHHs apMaTypHUX MPYTKiB BcepeIuHi OETOHHOT OaKu:

- BCTAaHOBIIOEMO aTpHOYTH cTajieBoi apMaTypH, Hampukian [110 mm:
Preprocessor — Meshing — Mesh Attributes — Defattitbs.

V Bikai Element Attributes pac. 22) Bkasyemo: THI CKiHYEHHOTO
enementa apmatypu ‘[TYPE] Element type number” — 2 BEAM 188;
HoMep Matepiany crami “[MAT] Material type number” — 2;Hna3Ba
npodinto apmarypu [110mm “[SECNUM] Section number” — 1 ten.

hain Menu @

E Preferences

E Preprocessor
Element Type
Real Constants
Material Props
Sections

il ELEMENTH

A Picked Volumes
Volume Brick Qrient
B MeshTool
Size Cntrls

ANSYS

R14.5
OCT 23 2015
13:14:28
Ay

Default Attributes for Meshing

FE RAaaban

Frmde

Mode"ng [TYPE] Element type number 2 BEAMISE

E I\Igel\flzlsnhAttributes [MAT] Material number 2 -
8 [REAL] Real canstan: set number [
& All Keypoints
7 Picked KPs [ESVS] Element coordinate sys o =
B All Lines
A Picked Lines [SECKUM] Section number 1 ten -
B All Areas F
2 Picked Areas
& All Volumes

] | Help |

Puc. 22.Bcranornenns arpu0yTie apmatypu 110 MM

- BU3HAUYEHHs BY3IiB I CTBOpeHHs apmarypu [110 mm: Select —
Entities.V Bikui “Select Entities” puc. 23)3 BunagHoro cnucky ooupaemMo
“Nodes” — Byzimu Ta “By Num/Pick” — 3a HOMepoM 4Yu BUIICHHSM.
Hatuckaemo «OK». ¥V Bikui “Select Nodes” BigmiuaeMo Kpamkoio
HaBMpoTH “BOX” — BUIUICHHS paMKOr. BHIIIseMO pamMKoIO psia BY3JiB,
sKi po3MimieHi Ha rauOunHa 3anmsranHs apmatypu 0,025 m. Hartuckaemo
«OK».

Ilum By3maMm MOTPiOHO HAZaTH TEOMETPII0 Ta MEXaHidHI BIACTHBOCTI
apMarypH.

- BigoOpaskeHHS Ha €KpaHi BUIICHUX y MONEPEIHbOMY IIYHKTI BY3JIiB
(puc. 24): Plot — Nodes.

- CTBOPEHHS CKiHUYCHHUX €JICMEHTIB apMaTypd 3 BUAUICHHUX BY3JiB!
Preprocessor — Modeling — Create — Elements — Autmbered — Thru
Nodes.

JIiBOt0 KHOIIKOIO MMIIIKH, 3J1iBa — Ha MPaBO, ITOCTIIOBHO 3’ €MHYEMO IO
IBa cycifHi By3nmu 1 Hatuckaemo “Apply” (puc. 25 a). [Totim HactymHi i
T.JI. 10 00’ €IHAHHS BCiX By3iB (puc. 2506).
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File Select List Plot PlotCtrls

f4\Select Entities 12

INudt:s vl

|By Num/Pick |

= From Full
" Reselect
" Also Select
" Unselect

Sele All | Invert |

Jalj Erutes [ Sele None| Sele Belo|
Tooll Component Manager ... |
9% Comp/Assembly b 0K | Apply |
SAV  Parts ..
— Plot | Fleplutl
Mair Ever\ftg!ngB | L b Cancell Help |
=0, verything Below 3
Mlain Menu @
Preferences 1= ELEMENTS
B Preprocessor
Element Type
Real Constants & pick " tmpick

Material Props
Sections
Modeling
B Meshing
2 Mesh Aftributes
All Keypoints
& Picked KPs
AllLines
A Picked Lines
All Areas o
# Picked Areas
All Volumes
2 Picked Volumes
Yolume Brick Orient
MeshTool
Size Cntrls
Mesher Opts
Concatenate
Mesh

' Single v

" Polygon (" Cirele
i« Loop

Count = 0

Maximam

n
w
o
I

Minimam

1
i

Node No.

(% List of Items

i Min, Max, Inc

L1):4 Apply

Reset Cancel

il
Pl

Pick All Help

Puc. 23.Buninenss By3:iB 4151 CTBOPEHHS HIDKHBO1T apMatypu 110 MM
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Eile Select List Plot PlotCirls WorkPlane Parameters Macro MMepuCtrls Help

Djsdg|g Repot

Toolbar Keypoints 4
Lines L,

SAVE_DB| RESL s al

hain Menu velumes

Preferences

Specified Entities *

B Preprocessor
Element Typ
Real Consta

MNod
Elements
Layered Elements ...

Material Prog
Sections
Modeling

Checking Ct

Waterials
Data Tables
Array Parameters ..

Numbering ¢

General Postproc
TimeHist Postpro
ROM Tool

Prob Design
Radiation Opt

Archive Mod el '
Couplingf C WulE-Plots
Multifield S COMPONents ’
Loads Parts
Physics
Path Operations

Solution

Puc. 24.BinoOpaskeHHs BUALICHUX BY3JIiB

a) Main Menu

E Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
Areas
Volumes
Nodes
8 Elements

At Coi
Offset

Elem Attributes
B Auto Numbered
A

Surfi Contact
SpotWeld
Pretension X oz
User Numbered
Write Elem File

- HNODES

ncid Nd
Nodes

26

ANS
Elements from Nodes

@ pick  Unpick

& gingle ) Box

£ Polygon () pirole
) Loop,

Count
Maximm

Minimum

Wowomom
™
o

Node No.

¥ List of Iteus

 Min, Maxz, Inc

0F {apply

Reset Cancel

Diok ALL Help




6) HODES

Puc. 25.CtBOpeHHs eneMeHTiB HIKHBOT apMarypu [110 Mmm

Hnsa Ttoro, mo0® y momanpmioMy BimoOpaxaBcs o0'€eMHUH Tpodisib
CTBOPEHOI apMaTypH HOTPiOHO:
- yBimkayTtH onuito [[ESHAPE] Display of elementBOn (uc. 26).

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtls Hell [N
E‘EIEI@I@I@I Fan Zoom Rotate [iSHRIMK] Shrink entities by 0 percent A4
Toolbar View Settings ' [/ESHAPE] Display of element "B 1
SAVE_DB| RESUM D Mumbering shapes based on resl
EeEee———— I constark descriptions
Main Menu SCALE Real constant multiplier l:l
E Preprocessor Font Controls. ’
lement Type Window Controls » [IEFACET] Facetsfelsment sdge 1 Facetfedge -
eal Constants Erase Options > Contours 3
aterial Props  Graphs N [/RATIO] Distortion of Geometry
i >
e m‘;ﬁ{r“z ﬁmgﬁon * Celors , W Windaw number [ormdowt =
B Create - LightSource RATOX X distortion ratio

[FCFORMAT] Component/Parameter Format

FIRST, NLAST Wikhs 2 I:l
[REFLOT] Replot upon Ok/Agpiy? et =]

@ Keypoints Device Options Tranchicency 4 RATOY ¥ distorti it

| nply | el | Hep |

Puc. 26.Bmukanns onuii neperisimy npogiito CTBOPEHOTO eleMeHTa

- BUAUIHTH yci emeMeHTH Mozeni Select — Everything susectu ix Ha
expan Plot — Elementspfic. 27).
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]

e Select List Plot PlotCtrls

m ¢ Entities ...

= Component Manager ...
M ComplAssembly r
Say Parts

=rything
Ewerything Below 4

H Prerererces

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls

Replot

=
[

Toolbar Keypoints 4
Lines

SAVE_DB| RESL ~H

4—|— Areas J

Iain Wenu Veltmze

Specified Entities ~ *

B Preferences

B Preprocessor
Element Typ
Real Consta
Material Pro
Sections Materials
Data Tables

gﬁ::mﬁg Ct Array Parameters
Numbering ¢ oo = s
Archive Mod
Coupling i C Multi-Plots
Multi-field S¢  COmponents ’
Loads Farts
Physics
Path Operations

Solution

General Postproc
TimeHist Postpro
ROM Tool

Prob Design =

Puc. 27.BinoOpaskeHHs eJIEMEHTIB 3a1i300€TOHHOT OaJIKK 3 apMaTypOIO
010 MM

s Bi3yanizamii apMaTypu ycepenuHi OETOHY ClliJl HaAaTH eleMeHTaM
OETOHY IIPO30POCTI, A1 YOTO MOTPIOHO:

- BUAUINTH CKiHYEHHI eleMeHTH OeTOHy 3a HoMepoMm Marepiany (1):
Select — Entities.

V Bikui “Select Entities”s Bunaguux MeHro obmpaemo “Elements”ra
“By Attributes”. Bigmiuaemo kpamkoro “Material num” ta y xowipii
“Min,Max,Inc” Bmucyemo 1 (matepian OetoHy) (muB. puc. 28). Takum
YHHOM TIporpama NpalioBaTUME TUIBKM 3 eJeMEHTaMH OE€TOHY, iHIIi
eJIeMeHTH irHopyBaTuMe. Taki fii, 3a HEOOXiIHOCTI, MOYKHA 3IHCHIOBATH
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Opy TOAANbINid poOOTi, IIsI BUOKPEMJICGHHS TUX YM IHIIMX €JICMEHTIB
MOJIEIII — HaPUKJII]] apMaTypH, Ta MaHIITyJIAIIA 3 HIMH.

FA\ANSYS Multiphysics Utility Menu

File Select List Plot FlotCtrls

Entiti

File Select List Plot PlotiCtrls WorkPlane Parameters M

Dlz|alol 8l & 2| =

fi\ Select Entities

[

Toolbar

[Eoments 3]
| save_DB| RESUM DE| aur| pe [y Aveiboies =]

-

Dl --

= H Component Manager ... |
te CompfAssembly 4
SAV  Pars ..

Mair Everyth?ng 1

e Ewverything Below 4

[ hain Menu

®

B Preprocessor
Element Type

Real Constants
Material Props
Sections
2 Modeling
B Create
Keypoints
Lines

M Aemmm

0]

Material num
Elem type num
Real set num
Elem C5 num

Section |ID num

o e Nin N in |

Layer num

Min,Max,Inc

]

Puc. 28.Bubip enemenTiB 6eToHy 3a aTpuOyToM Matepiany - Material num

HaJaHHS elleMeHTaM OeTOHY MpOo30pocTi. PiBeHb Mpo30pocTi MoXKe

npuiimaty 3HaueHHs Big 0 1o 1: O —nenpozopuit, 1 —mpo3zopwuii.

PlotCtrs — Style — Translucency — By Valped. 29).

V Bikui “Translucency”obupaemo “Elements”ta matrckaemo «OK».
[Micns wporo y BikHi “Translucency” y xowmipky ommii “TLEVEL
Translucency level (0O-1)8nucyemo 0,8 Ta Hatrckaemo «OK».

Eile Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

0|=|||@| 8| &] PenZoomRoiate
= View Setings >
Toolbar
SAVE_DB| RESUM_D  umbering
=== symbos
—— Hidden Line Options
e — Size and Shape
© Preprocessor Font Controls * Edge Options
Element Type Window Cortrols »
Real Constants Erase Options »  Contours o
Material Props Graphs »
Sections Animate o G ,
© Modeling Annotation oer
B Create T —
@ Keypoints Device Options ght LR
Lines Redirect Plots Dl iz
Areas Hard Copy o L : v(m, Sl
@ Volumes Backaround e

fi\ Translucency
Lab  Apply translucency to

oK |

cancel |

e |

A\ Translucency (=]

[/TRLCY] Entity Transhucency
TLEVEL Translucency level (0-1)

Rande of entities or araphs ta be shown translucent (defaults ko ALY

i1, H2,NINC [

[IREPLOT] Replot upon OK/ARRIY?

oK | Apply |

0 ot replot ~|

Cancel | Help |

Puc. 29.Hananus enemenram 6erony nposopocti Translucency level - 0,8
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Jns BimoOpaXkeHHsT MOJIENi TIOBHICTIO CITiJl 3HOBY BIAMITHTH BCi ii
enementu Select — Everythingpfic. 30 a) ta BimoOpasutu ix Plot —
Elements ffuc. 300).

File Select List Plot PlotCtrls WorkPlane

A ANSYS Multiphysics Utility Menu

EIEIEI@I@ Replot B

File Select List Plot PlotCtrls W B
EI ¢ Entities ... Toolbar Keypoints [

= Component Manager save el reESL Lines o
Togh ComplAssemily 4 4"- Areas o
SAN  Parts P Main Menu Yolumes

Specified Entities 4

v Hing g B Preprocessor

Al a Element Typ  Rod
Everything Below L odes

B Prewr I Real Consta IS o

Material Prog
M Rartinne

a) 0)

Puc. 30.BinoOpaskeHHs BCiX €IEMEHTIB MOJIEII

Layered Elements ..

V pe3ynpTaTi OTpEMaHO TPUBHMIPHY MOENb 3a1i300€TOHHOI Oainkd 3
HIDKHBOIO HeCy4uoro apMatyporo [110mwm (puc. 31).

ELEMENTS

Puc. 31.Tpusumipna CE Mozess 3a1i300€TOHHOT 0aJIKU 3 HIXKHBOIO
Hecy4oro apMmatyporo [110 MM

AHAIIOTIYHO CTBOPIOIOTHCS BepxHS (MOHTaXkHa) apmarypa 16 mMm
(0,006m).
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3ayeaxncenna' Ilpu cmeopenni

enemenmie apmamypu [J6 mm

nompiono ecmanosumu i ampuoymu (puc. 32).

savE_DB| REsum_oB| qu| PowRGRPH|

Main Mienu ®

E Preferences = HODES
& Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
Areas
Volumes
Nodes
& Elements
=
Auto Numbered
Surf/ Contact
SpotWeld
Pretension
User Numbered
E Write Elem File
E Read Elem File
Superelements

ANSYS|

Define attribLtes for elements

[TVPE] Element type rumber [2 eeamss =]
[MAT] Material number ,2—;[

[REAL] Real constant set number ,1—;[

[E5Y5] Element coordinate sys ,0—;[
[SECMUM] Section number ,W
[TSHAP] Target element shape ,W[

ok Cancel | Help

Puc. 32.BcraHoBiieHHs aTpHOYTIB Mepei CTBOPEHHSIM €JICMEHTIB

apmarypu [16 Mmm

Pe3ynpTaToM MOCIIOBaHHSA € TPUBUMIPHA 3ajli300€TOHHA Oalika, sKa

nokasasa Ha puc. 33.

ELEMENTS

Puc. 33.CumeTpuuna uBepTh 3a71i300€TOHHO1 OaNKu



Yacruna 2. HaBaHTaKeHHs Ta OLIHIOBaHHS pe3yJbTaTiB
PO3PAaXyHKY HANPYKeHO-1e(OpPMOBAHOI0 CTaAHY 0AJIKH

2.1 HaBaHTaKeHHA 0AJIKH

- Iepm 3a Bce HEOOXITHO 3aJaTH YMOBH CHMETpIl OajKd, OCKUIbKH
MOJIEITIOETHCA ii UBEpPTh Bij ekcriepuMeHTanbHoi: Preprocessor — Loads —
Define Loads — Apply — Structural — Symmetry — Ored@s.

JIiBOIO KHOIIKOIO MHIIKH OOMpaeMo mMoBepxHi (0aHy OOKOBY 1 OIHY
TOPIIEBY) TI0 SIKHUX 3MIHCHEHO YMOBHHM CHMeTpuuHH# po3pis (puc. 34).
Hatuckaemo «OK».

hain Menu @
E Preferences = ELEMENTS ANSHYS‘
Preprocessor
B Solution
Analysis Type  pick @ i
B Define Loads @ gingle (" Box
Settings € Polygen (" Circle
= Apply " Loop

B Structural
= Displacement
A 0nLines
A 0n Areas
F0n Keypoints L
2 0n Nodes
& 0n Node Components
= Symmetry B.C.
A 0nLines
A .with Area
A
B On Nodes

z
&
= 4
s

% List of Ineus

" Min, Max, Ine

Antisymm B.C.

—_—

Puc. 34.Bulip cumMeTpuYHHX MTOBEPXOHb MOZEII

- zakpimmoemMo (0OMEXYEMO TMEPEMIIIEHHs. psI BY3IB HIDKHBOI
oropu) (puc. 35). Obupaemo MUMIKOW KOHTYp “BOX” KpailHBOTO psimy
BY3JIB HIDKHBOI omopu, HaTuckaemo «OK» i y BikHi “Apply U,ROT on
Nodes”simmiuaemo UY i UZ ta Hatuckaemo «OK». TakuMm 4uHOM, Oasika
3MOXE IEPEeMIlyBaTUCh JIMIIE B3IOBXK IOB3I0BXKHBOI oci OX, 110
BiJIMIOBi1a€ €KCIIEPUMEHTY.

- HaBaHTaXXyEMO BEPXHIH psi/ By3JIiB BEPTHKAIbHUMHU 3yCHUISIMHU (IO
oci OY) (puc. 36): Preprocessor — Loads — Define Loads — Apply
Structural — Force/Moment — On Nodes.
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hain Menu

B Preferences = ELEMENTS AN SR\:&
Preprocessor OCT 23 2015
Ry
Analysis Type
B Define Loads & pick ¢ Unpick
Settings B T
B Apply € gingle  (* Bax
2 Structural € Polygon (" ircle
= Displacement € Loop
A 0nLines e - o
A On Areas e e e e e e e e e e ] o B
710N Keypoint 7 Haximm - 3
eypoints e e e e B e e e e e e e |
A

= 0

Hin
A 0n Node Components Hode Wo. =

Symmetry B.C.
Antisymm B.C.
orceiMoment

& List of Items

€ min, Hax, Inc
ressure
Temperature
Inertia
E Pretnsn Sectn
E Gen Plane Strain ﬂl
Other asat. ance
Field Volume Intr R—I ;I
Initial Condit'n pack A“l S |
[ =
rl\npply U,ROT on Nodes *
[D] Apply Displacements {U,ROT) on Nodes
Lab2 DOFs to be constrained
Apply as IConstant walus j

If Constant value then:

YALUE Displacement value

[a]4 | Apply | Cancel | Help |

Puc. 35.3axpimienas (06MeKEHHS y TIEPEMIIIIEHHSAX) HIDKHBOI OTIOpH
Oanku

OO0upaeMo MUIIKOI0 KOHTYp “BOX” psimy By3niB (y psai — 3 By3mu) s
HaBaHTa)KEHHS 3yCHIUIAIMH, HaTrckaemo «OK». V sikui “Apply F/M on
Nodes"y komipui HaBnpotu “Lab Direction of force/momBubupaemo FY
— HanpsaMm 3ycuuid. Y komipky Haemporu “VALUE Force/moment value”
BAPYKOBYEMO BEIMUYHMHY 3ycHUIA Ha 1 By3011.

Hanpukian, skimo Ha O6anka HaBaHTakeHa macoro 750xkr (F = 7500),
3HAUCHHS 3yCWIUIA Ha OAMH By3osl cTaHoButume — F/3 = 75001 / 3 =
0,0079vH / 3 =0,0025 MH.

e 3ycumis i3 3aakom "-" (Hampsm — npotu oci OY) moTpibHo BrmcaTn
y xomipky “VALUE Force/moment value” o3nauae,

IO 3YCHJUISL
cnpsimoBaHe BHU3 —poTH oci OY.
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Main Menu @

ferences = ELEMENTS ; i
\processor MAT HUM OCT 29 201!
lution * pick £ Unpick 18: 55: 5
Analysis Type D ——————

Jefine Loads C gingle & oy

@ Settings € Polygon " circle

B Apply  Loop

B Structural
Displacement :
& ForceiMoment ; Haximuw

Hinimum
Mode Ho.

Count

wonouo
=

27 0n Keypoints

7

#0n Node Components

B From Reactions

& From Mag Analy
Pressure

& List of Items

" Min, Max, Inc

Temperature
Inertia
B Pretnsn Sectn
& Gen Plane Strain Apply
Other Besat Cancel
Field Volume Intr
Initial Condit'n Pick ML|  Help
m 1 nadVartar
"‘ Apply F/M on Nodes
[F] Apply ForcefMoment on Nodes
Lab  Direction of forcefmam Iw vl
Apply as IConstant walue j

If Constant value then:

WALUE Faorcefmaoment walue -0.0025

(a4 | Apply | Cancel | Help |

Puc. 36.HaBanraxxenHns psny By3iiB (3 Byznn) sycwuisim 0,0025MH

Skmo, 3rigHO BapiaHTy, Oaika HaBaHTaXEHa TUIBKH PIBHOMIPHO
PO3MOIIICHUM HAaBaHTA)KECHHSM, TO CJiJl BHKOPUCTAaTH HABaHTa)KCHHS
THUCKOM Ha BEPXHIO TOPH30HTAIBHY I'PaHb OAITKH.

Js ioT0, 3HAXOAMMO TUIONTY TPaHi YBEPTI OATTKH:

s=btl (1)
4
ne b —mmpuna 6anku; | — JoBXKHMHA IPOIBOTY.
3HaXOJMMO THCK Ha BEPXHIO TOPU3OHTAIBHY TPaHb:
p=". )
S
Hanpuknan, sxmao b = 0,1m, | = 2m i 3ycumns F = 7500H, orprmaemo
THCK:
P = 150000Ta = 0,15 MIIa.
HapaHTaXeHHS THCKOM Ha BEPXHIO T'paHb OAJKH CIiJ| TPUKIATATH Y
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Meranackaisix. s 1poro BUKopuctaeMo KoMaHnay: Preprocessor — Loads
— Define Loads — Apply — Structural — Pressure -ADaas.

MHIIKOIO CITiJT BKa3aTH MOBEPXHIO HaBaHTaXeHHs (puc. 37a) Ta y BikHI
(puc. 37 0) y xomipky Load PRES valuenpykyBaTu 3HaueHHS THCKY, Y
nmanomy npukiani 0,15MIla.

a) hiain Menu 3|
ences - ELEMENTS
ycessor MAT HUM
on
lysis Type
ine Loads
ettings % pick " Unpick
Pply -
3 Structural  Single (" Box

Displacement

" Polygen ¢ circle
ForcefMoment

" Loep
B Pressure
A 0nlLines Count = 0
Blon Areas S
Z10n Nodes Mindwam = 1
Z 0n Node Components Area Na = 4

21 0n Elements
21 0n Element Components & List of Items
E From Fluid Analy
Z0n Beams

Temperature

Inertia

Prethsn Sectn

Gen Plane Strain

Apply
Other
0 Cimlel 3 imliemnma lemde Reset Cancel
I |» —I
Pick ALl Help

6) "‘ Apply PRES on areas E

[5FA] Apply PRES on areas as a

" Min, Max, Inc

|

fif

IConstant value j

If Conskant value then:

YALUE Load PRES value 0,15

LKEY Load kew, usually Face no.

{reguired onlv for shell elements)

[as | Apply | Cancel Help |

Puc. 37.Buninenns nmoBepxHi Ta HaBaHTaxxeHHs TUckoM 0,15MI1a

Slkmio BapiaHT 3aBmaHHS Tepeadadae oOWIBAa THIMHM HaBaHTAXCHHS
(3ocepemkene i po3MoOAiNICHE) TO CITiJT 3aCTOCYBATH 00U/ IBA (BHUIIE OMUCAHI)
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CHOCOOM MPHKIIAAaHHI HaBAHTAXKEHb O OaJKH, MOMEPEeIHbO PO3AUTMBILN
3arajibHe HaBaHTA)XEHHs Ha /Ba. [10JI0BUHY HaBaHTa)XEHHS NPHUKIJIACTH SIK
30CepeIKeHE 1HIY TOJOBUHY — SIK PO3IMOIiJICHE.

2.2 Po3paxynok HJIC 6anku

[Ticns npukiTagaHHs 3yCUIlb, MOJICIh TOTOBA JJIsl TOYATKY PO3PaXyHKY.

INMocTaBnena 3amaua BHMarae po3Aily po3paxyHKy Ha MiAKPOKH, JUIS
OTpPUMaHHSI MPOMIKHUX pe3yibTaTiB oouucnenas HJC.

Jns Toro, mo0 po3IUIMTH HaBaHTa)KEHHS Ha IJKPOKH 3aCTOCYEMO
koMmauay: Solution — Analysis Type — Sol'n Controls.

V Bikui Solution Controlspuc. 38)skasyemo:

- bac KiHIg Kpoky — Time at end of loadstep — 1;

- ximekicTs migkpokis — Number of substeps — 20;

- MakcHMaJbHa KiIbKicTh maKpokiB — Max no. of substeps — 50;

- MiHIMaJIbHA KUTBKICTB MigKpokiB — Min no. of substeps — 20.

Main Menu FiYsolution Controls
Prefe
P:::rl:::::or Basic ] Transient ] Sol'n Options 1 Nonlinear } Advanced NL}
B Solution
8 Analysis Type [ Analysis Options ——————————— | [ Write ltems to Results File
g g::\(::alysls |Smal\ Displacement Static | @ All solution itermns
[=)Sol'n Controls| " Calculate prestress effects ¢ Basic quantities
Define Loads
Load Step Opts e Contro € User selectod
SE Management (CMS)
& Results Tracking Time at end of loadstep |1—
Solve
Manual Rezoning Automatic time stepping Prog Chosen j
Multi-field Set Up & Number of substeps Frequency:
ADAMS Connection
Diagnostics © Time increment |Wnte every substep -l
B Unabridged Menu MNurber of substeps 20 where N = [1
B General Postproc
TimeHist Postpro Max no. of substeps 50
ROM Tool Win no. of substeps 20
Prob Design
Radiation Opt
Session Editor
E Finish
ol il

Pick a menu item or enter a comims ok | comcel | Hew

Puc. 38.Po3ain kpoky HaBaHTa)keHHs Ha 20 miAKPOKIB

3aysasncenns! Kinvxicmo nioKpokie moice iOPi3HAMUCH Y KOHCHOMY
eéapianmi. Y OeaKux 6unaokax, HANPUKIAO0 HPU NepPeCUUeHHI
Haeanmaxy@cewHs Ha  OaiIKy, KinbKicmb  RiOKpoOKi@  nompiono
30inbuLyeamu, a60 3MeHULy8amu HAGAHMAINCEHHS.

Jliis moyaTKy po3paxyHKy BHKOPHCTOBYEMO Komaumy: Solution — Solve
— Current LS.
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Hns 3pyuanocti, Bikao /STATUS CommandioTpiOHO 3akputu mepen
marrckanasm Ha OK y Bikai Solve Current Load Step.

Main Menu — @ll

T e—

E Preferences A S =

Ele

Prepre

& Solution SOLUTION DPTIONS -
Analysis Type | oo on pgisronarry, . .. ... ...
Define Loads Eiaﬁsﬁsnmssnon ......
Load Step Opts | plgeric mareari, sibeirics TuiLinga. | - [ . | V5

SE Wanagemers| DI

B Results Trackin| “ © T T

E Solve Loao §TEF [SOLVE]Begin Solution of Current Load Step
R | B
B From LS Files| i agerss. . - 000

Manual Rezonir| s e b

Multi-field Set Uj| THuat aelels 1 it s 11 S0IUtion.

ADAMS Connec| COMERGENE CONROLS, . . .. . . .

: : COPY INTEGRATION POINT VALIES 10’ hit
Diagnostics T |

C: A Hel
Unabridged Mer| FRN @ cimaLs . .. .. . . e 0 =

DRTRBRSE OUTPUT CONTROLS
General Postproc TTEH  FREQUENCY  CONPONENT
AL L =l

TimeHist Postpro

AT T

Puc. 39.Komania nouaTky po3paxyHKy

IMicns modaTKy po3paxyHKy Ha eKpaHi 3'sBHThCS BikHO (puc. 39), y
SKOMYy OyJe BHMBOIWTHCH iH(OpMallis Hpo 30DKHICTH PO3PaXxyHKy 3a
ABTOMATHYHO BCTAaHOBJICHHUMHU KPUTEPisMH. SIKIIO po3paxyHOK MOBHICTIO
3aBepIIeHHH, TO 3HaYeHHs Time Oyne piBHuM "1".

MOKIIHBO, IO PO3paxXyHOK HE BiAOymEThCS M0 KiHIS KpOKy (Hemae
30KHOCTI 32 BCTQHOBJICHHMH KpPUTEPISIMH), TOOTO HaBaHTaXCHHS HE
nocsirHe cBoro Makcumymy (puc. 40) Time = 0.87.

Time = .87
LOE+01
LOE+00
Z0E-01
_OE-D2 A N YA S Sy .
cop-oz | i CRIT

_OE-04 " Lz
_OE-0§

.0E-086
.0DE-0Q7
LOE-0&
.0E-02
.0E-10
.0E-11

.0E-12
LOE-1%
.0E-14

.0E-15
.0E-186

L0E-17
.0E-13
.0E-12

_OE-Z0

Absolute Convergence Norm
F R RERREBERRERRERRERRERRRERRERKBERRHR

0 0 40 &0 &0 1oa
10 20 50 70 0

Cumulative Iteration Number

Puc. 40.BikHO 301KHOCTI pO3paxyHKy
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Ha ue moxe OyTu Aekinbka OCHOBHUX IPUYUH:

- HEe3HayHe TMEPEeBHUINEHHS MaKCHMalbHOTO HABAHTAXEHHS KPOKY. Y
bOMY BHIIAAKY PO3PaxyHOK JIOCSTHE MiAKPOKY HaBaHTAKEHHS TMicCIs
SKOTO HacTynae pyiHyBaHHS KOHCTpyKuii (puc. 40). SIkmio pyiHyBaHHS
BiIOyBa€ThCS HA TIMOYATKOBUX IIJKPOKaX, TO HEOOXIMHO 3MCHIIUTH
MaKkCHMalbHE HABaHTAKEHHS. JSIKII0O Ha OCTaHHIX MiIKpOKaX, TO
pe3yabTaTH 00YHCICHb MOXKHA BHKOPHCTOBYBATH JUISI OOYAOBH KPUBHUX
HIC (upormHy, po3momily HampyXeHb Ta gedopMaliiii ereMeHTIB
KOHCTPYKIIii), OCKIIBKH Ppe3yabTaTH TOMEPENHIX MIKPOKIB OYIyTh
3anmcaHi Ha xopcTkuit auck [1K;

- HeIOCTOBIpHI YW TOMMWIKOBI JaHi BIAcTUBOCTEH MaTepiaiiB
KOHCTPYKIIii. Y IbOMY BHIAAKy HE30DKHICTh BiIOYIETHCS HA MOYATKOBHX
migKpokax po3paxyHky. CIif TepeBipUTH Ta BUIPAaBUTH HETOYHOCTI
MEXaHIYHUX BIACTHBOCTEH MaTepialis,

- TOMIJIKOBE 3aKpilVIeHHS Ta HaBaHTAXEHHS MoJemi. Y [IbOMY
BUMAAKY IMporpaMa BKaKe Ha TOMWJIKY Ha TOYaTKy po3paxyHky. Ciix
BUKOHAaTH MpPaBWIbHE 3aKpilUICHHS Ta HaBaHTAKEHHS MOJENi, 3TiIHO
BapiaHTy;

- iHIe.

Bapro 3ayBakuTH, IO NpH MaJUX 3HAYEHHSIX MAaKCHMaJIbHOTO
HABaHTAXKCHHS PO3PAaXyHOK 3aBEPIIUTHCA [0 HACTaHHA pPyHHYBaHHS
KOHCTPYKINii. Y IIbOMYy BWIIAAKy HEMOXXJIHBO BuKoHaTH aHam3 HJIC
KOHCTPYKITil B MOMEHT BTPATH ii HECYyJOl 3JaTHOCTI.

2.3 Anaqi3 pesyabTariB po3paxynky HIAC

[licna 3aBepuieHHS pO3PAaXyHKY MOXHA CKOPHUCTATHCh MOZYJIEM

Heperisany pe3ynbraTie oounciens (puc. 41).
Iviain Menu ®

Preferences Z

Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp

ElIResults Viewe

Nodal Calcs
Puc. 41.Bukiauk MOayIs eperiisiLy pe3yiabTaTiB
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Jns BUBEICHHS pe3yibTaTiB mepemimieHHs (MpOoruHy) Oaiku Ciix
ckopucTaTrch koMannor meHio (puc. 42): Nodal Solution — DOF Solution

—Y — Component of displacementjaTrcHyTy KHOTIKY :l

ANSYS
Fi\Results Viewer - file.rst E3|

Flle Edit Wiew Help
&l =

EH Y-Component of displacer 7| |C0ntour
T

Favorites
' [ Modal Solution ! ! r g !
& DOF Solution 0.05 |_1 |_1
@ Displaced structure
@ A-Component of displacement
& | nponent of di !
@ Z-Component of displacement
@ Displacement vector sum
@ H-Component of rotation
& Y-Component of rotation
@ Z-Component of rotation
@ Rotation vector sum
Stress
Total Mechanical Strain -

: ]

ELEMENT&

MAT  NUM

Puc. 42.BuGip pe3ynbTaTiB po3paxyHKy MepeMillieHb eJIeMEHTIB MO y
HanpsMKy oci OY
Y pe3ynapTari OTPUMAaEMO PO3MOLT TOJISA MEPEMIllleHh OamKy MiCs
MEPIIOro MiAKPOKY HaBaHTaxeHHs (puc. 43). 3HaueHHsS Ta JIOKaIi3aIlis
MaKCHMaJIbHUX IIepeMilleHb (MPOrHHy) GalKM TaKOX MOJaHO Ha puc. 43.

rava=0

MY =.9Z7E-03

HMN =-.%27E-03 . .

#MY =.301E-04 BIACOTOK Bl MaKc.

HO MY iTKpo
HABAHTLREHHST P TAKPOKY

mREsults Viewer - file.rst
File Edit “iew Help

El||‘(—(30mp2n9nt of displacer | [Comour -] | =8| =3

TIOB3YHOK 3MiHH [T/[KPOKIE HaB aHTaKEHHs

MAKC. TTepeMIITeHHs
(MpOoTHH) NpoTH oci O

-.714E-03 -.501E-03 -.289E-03 -.T6ZE-04
-.520E-03 -.608E-03 -.335E-03 -.133E-03 .301E-04

Puc. 43.Pe3ynbraTu po3paxyHKy HOJIs IepeMilieHb Oallky Micisl TPETHOTO
miIKpoKy HaBaHTaxkeHHs (15%Bin MaKCHMaJILHOTO)
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Pesynpratu mepemilieHb eleMEHTIB Oallki Ha HACTYMHHUX MiAKPOKax
HABaHTAXCHHS MOYKHA OTPUMATH MEPEMIIIlyI04H MOB3YHOK (puc. 43).

s moOynoBY KpUBOi MPOTHHY OAJIKK Y 3aJIEXKHOCTI BiJ] HABAHTAKCHHS
CITiJI BUKOPUCTATH aJanToBaHi Ul LOTO Mporpamu, 30kpema Excelabo
Microcal Origin. Ha puc. 44 nomaHo pe3yibTaTH 3a€KHOCTI MPOTHHY
OaNku BiI NPUKIAAEHOTO 3ycwurd. JIs OTpUMaHHS 3HA4YEHb 3yCHILIA
(cToBOemns C(Y) puc. 44) KOXKHOTO MIIKPOKY MOTPIOHO BiJICOTOK MiIKPOKY
(% Bim wmakcumamsHOro 3ycmiis crosoers B(Y)) mnomHOXuMTH Ha
MaKCUMalbHe 3ycuiuis LUKy (y nanomy Bunaiky 7/500H).

T o G

MporuH, M Jycuang, H
| o
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0000 0002 0004 00068 0008 0010 0012 0014 0016

Puc. 44.11o0ynoBa KpUBOi IPOTUHY OAJIKH Y 3aJIEXKHOCTI Bif
MIPHUKIIAJICHOTO JI0 Hel 3yCHILIs

Ha xpuBiii mporuHy OaJIKM y 3aJICKHOCTI Bij TMPHUKIAACHOTO A0 Hel
3ycminist (puc. 45)MoxKHa BUIUTUTH TPU JUTSHKY:

1) ninifiHa nOUISHKA A0 TOYATKy PO3TPICKYBaHHS, SKa 3aBEPIIYETHCS
3arHHOM KPHBOI, 1[0 CBIYUTH PO MOYATOK PO3TPICKYBaHHS OCTOHY;

2) poboua miHilHa IiISHKA pOOOTH OANKH 3 TPIIIHHAMH,

3) HenmiHiliHA AiTSHKA BTpaTH O0ankoro Hecyuol 3matHocti. it minstHIt
XapaKTepHEe pO3TPICKYBaHHS BEPXHLOI CTHCHEHOiI (iOpu OeToHy Ta
JIOCSTHEHHS pOO0Y0I0 apMaTypoI0 MEXKi TEKYJIOCTi.

AHAJOTIYHUM YHHOM, OOWparouum HeoOXimaHi mapamerpu (puc. 42),
MOKHa TIOKPOKOBO BHBOJIUTH Ha CKpaH pe3yJbTaTH pPO3PaXyHKY
HOPMaJIBHHMX HampyxeHb (Stress)rta medopmariit (strain) 6eToHy um
apMaTypH.

Hns ananizy HJIC apmatypu ciif 3acTocyBaTd BHIUICHHS Ta BHBIiJ Ha
eKpaH JIMIIe CTEPKHIB apMaTypH 3a HoMepoM Matepiany Material Num —
2. JTist 1ip0T0 BUKOPHCTOBYETHCS KoMaHaa (puc. 46): Select — Entities.

40



7000 o

| 3ycunna F, H
6000 .
B1para TpHMKOi
./ 3aTHoCTi GamkH
5000 o
7
n
/
4000 Va
] A
3000 /./ Hinsxka poGoTH GamH 3
| - TpillHHAMH
2000 _/
] el
Tloyatok
1900 @ PO3TiCKyBaHHS Moo £ 1
4 rf Ue‘l‘OHY Je] 3
0

T T T T L] i i T
0000 0002 0004 DOOE 0PO8 0010 0012 0014 0pP16

Puc. 45.Pe3ynbratu po3paxyHKy IPOTHHY OaJIKH y 3aJI€KHOCTI Bif
MIPUKJIAJACHOTO 10 Hel 3yCHIUIS

V Bikni Select Entitieso6upaemo Elements, By Attributesgasnporu
Material numcraBumo BiamiTKy i y komipii Max,Min,Inc BapykoByemo
HOMep Matepiany — 2. Y pe3ynbTari IUX Jill Ha eKpaHi BiIOOPa3sThCsS
aunre  crepxkHi  apmarypu  (puc. 46). Marepian OeToHy mporpama

ITHOpyBaTUMe.

Eile Select List Plot PlotCiis lane Pamameters Macro MepuCils Halp

Df s - T
-~ onent er -
Tooll Sk neg — =]
=  CompiAssembly ' I |
SAV  Fas gRoRPH| | ol
Mair E"’QWW 2 = Material num
5—; Evanyhing Below = WODAL SOLUTTON " Elem type mum
sTER=L
1 Solution 5 -1 U1 Feal set num
1 General Postproc FOmOR i) © Elem CS mum
@ Data & File Opts RY540 o " Section 1D num
B Results Summal B -, ZREE-0)
= Read Results W T »a6, EHT " Layer num
& Fallure Criteria T 8, 2308 Min.Maxine
& Plot Regults |2
B Deformed Shape
& Contour Plot 1+ From Full
[siModal Sol -
B Eiement Solu I Aesclect
Elem Table i Msn Select
B Line Elem Res ™ Unacloct
= Vector Plot -
5 Conaret Pit e
B Concrete Plot | L]
= ThinFlim Lok | tagaly |
i List Results Piat 1 Renlat
@ Query Results - -l::u-ll _"%.i
& Optians for Outp _Coneel] Hetp |
[0 Results Viewer
@ Nodal Calcs — S T T e
® Element Table B ~E. LETE 2. 30%F F47488 3, 40169 €. 2558
P, T, TR -t

Puc. 46.Bubip ta BuBig Ha ekpaH craipHoi (Material Num 2apmatypu
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AHaNOrYHUM YMHOM MOKHA BHBECTH Ha CKpaH JIMIIC MaTepian 66TOHy

(puc. 47).

Eile Select List Plot PlotCirls WorkPlane: Parameters Macro MepuCtis Help

EEEEEER-

EEEE]

Toolbar fi\select Entities [=] I:
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
| 5] ] | [Eiemens  5IIN
Miain Menu ® AN By Attributes
Preferences = NODAL S0LUTION = =
Preprocessor STEP=1 — Material num
Solution 50D -L sarae |C Elem type num
B General Postproc © Real set num
E Data & File Opts © Elem C§
Results Summary I E"_‘ num
Read Results Section ID num
Failure Criteria ' Layer num
& Plot Results Min,Max.Inc
B Deformed Shape 7
8 Contour Plot
=INodal Solul
E Element Solu = From Full
E Elem Table il © Reselect
B Line Elem Res £ Also Select
© Unselect
Sele All Invert
Sele None| Sele Belo|
Query Results _OK | _hpply |
Options for Qutp _Plot_| Replot|
B Results Viewer — —— - Cancel| Help
Nodal Calcs - 393734 - 56373z - las73 “z78ziz 702218
i s |

Puc. 47.Bubip ta BuBig Ha expaH Marepiany (Material Num 1)oetony

PesynpTaTi po3paxyHKy 3pyYHO BHBOJHUTH IOKPOKOBO. [lisi BHOOpY
MiIKPOKY HaBaHTaxeHHs (BHOip mumkoro — by pick) ta 3umryBanHs 3
YKOPCTKOTO JIMCKA PEe3yNbTaTiB OOYHCICHh BUKOPUCTOBYETHCS KOMAH/A!
General Postproc — Read Results — By Ppeic.(48).

V Bikni Results Filevoxaa BuGpaTi HEOOXiIHUI MM IKPOK i HATHCHYTH
kHomky Read.

Iain Menu
B Preferences
Preprocessor
Solution
& General Postproc
B Data & File Opts
B Results Summary
B Read Results
B First Set
B Next Set
B Previous Set
B Last Set
8
B By Load Step
B By TimeiFreq
E By Set Number
B FLOTRAN 21A
Failure Criteria
lot Results
List Results
Query Results
& Options for Outp
E Results Viewer
Nodal Cales
lement Table
Path Operations

FResults File: fle.rst [x] '_
Available Data Sets
Set Time Load Step Substep Cumulative A
1 5.00000E-02 1 1 1
2 0.10000 1 2 2
3 0.15000 1 3 3
4 0.20000 1 4 4
5 025000 1 5 5
6 030000 1 6 6
7 0.35000 1 7 7
8 040000 1 8 -3
9 045000 1 9 10
10 050000 1 10 "
" 055000 1 " 15
12 0.60000 1 12 20
13 065000 1 13 24 —
14 070000 1 14 26
15 0.75000 1 15 28
15 080000 1 16 41 (=
Read Next Previous

=k

Puc. 48.3unTtyBaHHs pe3ynbTaTiB pO3PaXyHKY 3 JKOPCTKOTO TUCKY Y

BHOpaHOMY TIiAKPOIIi
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Jns BuBOmy HEOOXiIHMX pe3yabTaTiB pPO3paxyHKy B OOpaHOMY
MiKpoOIi MOKHa BHMKOPHCTOBYBaTH Komaumy. General Postproc — Plot
Results — Nodal Solu.

VY Bikni Contour Nodal Solution Datapc. 49) moxna BHOpaTH
HeoOXimHI pe3ynbratd po3paxyHky HJIC KOMITIOHEHT Oajikh, a TaKoX
MacitabHui (hakTop:

Auto Calculated -aBroMaTHYHO BU3HAYCHUIA TIPOTPAMOIO;
True Scale peansumii MacmTad;

User Specified Bkasyerbest KoprcTyBadeM;

- Off — Bizyaumizauis nehopmMyBaHHs HE BiZOYyBaTUMETBCS.

[AYarsYS Multiphysics Utity Menu SEIES

File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help

NECEEE i”g JaYcontour Nodal Solution Data

[~ Item to be contoured

Toolbar | 9
Favorites =
1 SAVE_DB| RESUM_DB| QuIT| POWRGRPH| 2 Nodal Salion
o DOF Solution
Main Menu O ———m @ X [1x] ®
B Preferences = NODAL SOLUTION L=]v-Component of displacem
Preprocessor sTEp-1 @ Z-Component of displacel &I%
@ Soluti s -1
Seneratpostoroc e @ X Componentarotsion -
E Data & File Opts RS¥5-0 @ Y-Component of rotation
B Results Summary DX = 235E-03 P Zrcomgonem of rotation 8|2
= s . 2a5E-08
ReadResults. - 23580 S@ Rotation vector sum =l | B
tress
8 ';"é iesu'fz sh Total Mecharical Strain Bl
= Cz:t::: e ape Elastic Strain =l [
[E[Nodal Solu e E 2|
B Element Solu @
B Elem Table Ll ru shape key ;
S'e';g‘: EI':{" Res Undisplaced shape key [Deformed shape orly | —
Plot Path Itemn Scale Factor [True Scale ER k=
Concrete Plot L Ao Calouated al
ThinFilm Additional Options a
List Results - L o — =
Query Results ok | eey | cwesl | Hen | |
& Options for Outp ap
B Results Viewer =
Nodal Calos — il
EerartTable . - — J— o
| Pick a menu tem or enter a command (POST1) [mat=2 [type=2 [real=1 [csys=0 Jsecn=2 |
e | | W &) € [ 2 [#lFpa00 ih.=

Puc. 49.Komanaa BUBoay Ta BIKHO BUOOpPY pe3ynbratiB po3paxyHky HIAC

Pesynmpratn Ta JOKamizamilo  poO3TPICKyBaHHSA ~OETOHY MOXHA
BimoOpasuTH 3 BHKOPHCTaHHAM KoMaHau (puc. 50) ronoBHOrO MeHIO:
General Postproc — Plot Results — Concrete PlagekCrush.

VY nmanomy Bumanky (puc. 50) Ha ekpaHi BiZOOpaXCHO MOYATOK
po3TpickyBaHHs OeToHy — 441 minkpok HaBaHTaxeHHsS (20% Big
MaKCHMaJIBHOTO).

IIpu BUBemeHHI Ha €KpaH pe3yJbTaTiB PO3TPICKyBaHHS OETOHY BapTO
BUMKHYTH Bi3yamizamito aepopmyBanns Scale Factor — Offpfic. 49) i
BcranoButd moBHy (level 1) mposopicte Mmarepiany Geromy: Plot Ctrls —
Style — Translucency - By Value — Elements —Traseshey level - 1.
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Main Menu

B Preferences
Preprocessor
Solution
B General Postproc
E Data & File Opts
E Results Summary

ANC VS
T4 Cracking and Crushing Locations in Concrete Elements =]} 5]

STE [PLCRACK] Flot Cracking and Crushing Locations in Solidss

1t Plot symbels are lncabed at

Plat crack Faces For all cracks B

Read Results |

Failure Criteria

B Plot Results
Deformed Shape
Contour Plot
Vector Plot
Plot Path Item
B Concrete Plot

=

ThinFilm

List Results

Query Results

B Options for Outp

Apely | el | Help |

Puc. 50.Pe3ynbraTu TpiliMHOYTBOPEHHS B OETOHI Ha MOYaTKOBOMY €Tarli
ftoro posrpickysanus (41 miakpok (maus. puc. 45)

Pesynbratu po3TpickyBaHHS OCSTOHY Ha €Talli BTpaTH HECYy4uoi 3JaTHOCTI
3ami300eToHHOi Oanku mokazaHi Ha puc. 51. OdeBHIHO, MO TPIIIMHHA
6erony Tprox tumis (first — I tumy, second — lumy ta third— I Trmy)
3aIIOBHMJIM yYBECH Tepepi3 OaKu.

Toolbar
! SAVE_DB| RESUM_DB| aurT| PowRGRPH|

Wain Menu ® ENSYS
E Preferences = Bl 1)\ Cracking and Crushing Locations in Concrete Hlements 4.5
ngptr.acessar Z: [PLCRACK] Plok Cracking and Crushing Locations in SolideS s
=
= Solution 37 Plot symbols ars located st . B
B General Postproc e

Data & File Opts Plok crack Faces for [ cracks -

E Results Summary

Read Resuits oK Appl; | Cancel | Hedr |

Failure Criteria e =

B Plot Results

B Deformed Shape

Contour Plot
Vector Plot
Plot Path ltem
= Concrete Plot
=
ThinFilm
List Results
Query Results
Options for Qutp
B Results Viewer
Nodal Calcs
Element Table

Puc. 51.Pe3ynbraTu TpilIMHOYTBOPEHHS B OE€TOHI P BTPATi HECYUOi
3maTHOCTI Oaku (1741 miakpok (muB. puc. 45)

Ha puc. 52.mokazaHo nosst NOB3J0BXHIX HanpyxeHb (B3moBx oci OX)

B CTep)KHSAX apMaTypd IPH BTpaTi Hecydoi 3maTtHOCTI Oanku, Ha 17-My

MIIKPOIl HaBaHTAXEHHSI. MakcuMaiabHE HANpyKCHHs HIDKHBOI Po0O0dOi

apMaTypd Ha LbOMY MiAKpoOWi AocsIrHyno 3HaueHHs 519,525Mlla, mo
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NEPEBUILyE MEXY TEKY4OCTi MaTepiany

cram (517,2 MIla). Tobro,

PYUHYBaHHA Oanku CYIIPOBOIKYETHCSA BUHHUKHCHHAM IIACTUYHHUX
,Z[e(i)OpMaHII/I p060q01 apMarypu.
L) =) | @) &) &) v E 1) 1) <8 e
Toolbar [2YContour Nodal Solation Data
| save_pB| ResuM_DB| quIT| PowRGRPH| iz be @aiourey
- Favorites
Main Menu ® o Nodal Solution
B Preferences | | noos sovurzon AN DOF Solution
Preprocessor e o i Sress _
Solution SUB =17 08:3 =R Cc onent of ess|
& General Postproc TIE- 5 @ Y-Cormponent of stress
& Data & File Opts O @ Z-Componet of stress

B Results Summary
Read Results
Failure Criteria

& Plot Results 5=

X =519.525

@ XY Shear stress
@ YZ Shear stress
@ XZ Shear stress
@ 1t Principal stress

B Deformed Shape
8 Contour Plot

@ 2nd Principal stress
@ 3rd Principal stress

=] @ Stress intensity
& Element Solu o
B Elem Table l
B Line Elem Res
Vector Plot Y shape key
Plot Path Item Undisplaced shape key [Deformed shape orlly
Concrete Plot
ThinFilm / Scale Factor off
List Results X
Query Results ~E Additional Options

& Options for Outp
B Results Viewer
Nodal Cales
Element Table

—
355667 a17.837

I5z.251 110847
-293.575 -

50.6033 12973

14461
316.245

ey I

Puc. 52.1Tons OB3I0BXKHIX HampyKeHb (B310BX oci OX) B CTEpPKHAX
apMaTtypH IIpH BTpaTi Hecydol 3naTHocTi 6anku (1741 migkpok
HaBaHTAXKCHHS)

VY pesynbrati ananizy H/IC mokHa 3poOWTH BHCHOBOK, IIO 3YCHIUIA,
IpU SIKOMY BiIOYAETHCS BTpaTa HECY4Oi 3JaTHOCTI 3a1i300€TOHHOI OaIKu
(1741 miaxpox) cranosuth 60000H (600xkT).

2.4 3micT 3BiTY

1. TutynbHa cTOpiHKA.

2. 3wmicr.

3. 3aBmanHs (3rigHO BapiaHTy).

4. 3HadeHHs HENIHIWHUX TapaMeTpiB OSTOHY IPH PO3TPICKyBaHHI, SKi
BUKOPHUCTaHI MpH MOJENIOBaHHI. PO3paxyHOK MOMiMiHIKHOI 130TpomHOT
miarpamu geopMyBaHHsS OETOHY 38 YMOB CTHCKY (3rimHO Momeni YinbsiMa
- Bapake) y T.4. TaOar4dHi 3HAYEHHS.

5. KpuBa Ta omuc mnpyxXHO-IUIACTHYHOI OumiHiIMHOI  giarpamu
nedopmyBanHs Matepiany apmarypu (OuTiHIfHE KiIHEMAaTHYHE 3MIIIHCHHS).

6. ExpanHi KOIlii T€OMETPUYHUX MMapaMeTPiB CIiYCHHS 3MOJEIbLOBaHOI
apmarypu (K Ha puc. 44).

7. CkiHYCHHOENIEMEHTHA MOJENb 3alli300eTOHHOT Oanku (K Ha pHC.
31).
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8. Kopotkuii onmuc HaBaHTa)XEHHs BY3IIiB Ta/du MOBEPXOHb MOJEINI Y
T.9. 11 3aKpiIUICHHS 1 YMOB CUMETPIi.

9. Pozpaxynox H/AC:

- KpHBa 3aJIeKHOCTI POTUHY OAJIKH BiJ HaBaHTAXKCHHS;

- KpHWBa 3aJGKHOCTI MaKCHMAallbHUX TIOB3JIOBXHIX HAIPYXEHb
po60d0i apMaTypH y 3aJIe)KHOCTI BiI HABAHTAKCHHS,

- BHCHOBOK IIOJI0 HaBaHTa)X€Hb MOYATKY PO3TPICKYBaHHS Ta BTPAaTH
HECy4Oi 3JaTHOCTI OaJKH,

- eKpaHHa KoIlisg OalKky 3 TpIMHHAMH Ha II0YaTKOBOMY €TaIri
pO3TpicKyBaHHS;

- eKpaHHa Komisg Oalkd 3 TpilIMHAMH Ha eTami BTpPAaTH Hecydoi
3IaTHOCTI OaJKu.

10.BucHoBKkH.
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