injeanh , ]
gl T .

E ETE U ZAGREB
GRADEVINSK| FAKULTET

D ZA TEHNICKU MEHANIKU

_NELINEARNA STATIKA
STAPNIH KONSTRUKCIJA

Uvod u nelinearni proracun konstrukcija
GEOMETRIJSKA NELINEARNOST

UVOD- PRORACUN STAPNIH KONSTRUKCIJA

+ sustav diferencijalnih jednadzbi koje opisuju pona$anje
konstrukcije pod djelovanjem vanjskih utjecaja
« DIF.JED. RAVNOTEZE — veza vanjskih djelovanja i unutarnijih sila
» DIF.JED. KOMPATIBILNOSTI - veza pomaka i deformacija
+ DIF.JED. MATERIJALA - veza naprezanja i deformacija

« LINEARNI PRORACUN - pretpostavke
» pomaci mali; uvjeti ravnoteZze na nedeformiranom sustavu
» veza deformacija i pomaka — linearna dif.jed. | reda
» veza deformacije i naprezanja linearna — Hookeov zakon

+ TEORIJAI REDA - geometrijska i materijalna linearnost
+ TEORIJAII REDA — geometrijska nelinearnost i materijalna linearnost
+ TEORIJA Il REDA — geometrijska nelinearnost i materijalna nelinearnost
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UVOD - PRORACUN STAPNIH KONSTRUKCIJA

STATIKA STAPNIH KONSTRUKCIJA

LINEARNI PRORACUN

NELINEARNI PRORACUN

GEOMETRIJSKA
NELINEARNOST

MATERIJALNA
NELINEARNOST

'

!

* ravnoteza na
nedeformiranom sustavu

* Hookeov zakon
« jedinstveno rjeSenje

« vrijedi zakon superpozicije

* ravnoteza na
deformiranom sustavu

* Hookeov zakon
* rjeSenja nisu
jedinstvena

* ne vrijedi zakon
superpozicije

* ravnoteza na
deformiranom sustavu

* ne vrijedi Hookeov z.
* rjeSenja nisu
jedinstvena

* ne vrijedi zakon
superpozicije

UVOD- PRORACUN STAPNIH KONSTRUKCIJA

+ GEOMETRIJSKA

KRUTOST

+ Stap optereéen vlatnom silom— povecanje krutosti
+ Stap opterecéen tlatnom silom — smanjenje krutosti
» geometrijska krutost - funkcija opterecenja, duzine Stapa
{F}=[ke+kg]x{u}
* problem izvijanja - za vrlo veliku tlacnu silu ukupna
matrica krutosti moze postati singularna

17.1.2014.



UVOD- PRORACUN STAPNIH KONSTRUKCIJA

+ P-APOSTUPAK ZA ZGRADE

* uzima se u obzir geometrijska krutost i na taj nacin se
uklju€uju sekundarni efekti u proracun konstrukcije

» zgrade - popre€no optere¢enje—pomaci katova
- vertikalna opt.xpomaci—dodatni momenti

— UTJECAJ VERTIKALNOG OPTERECENJA NA
POPRECNU KRUTOST ZGRADE

+ DINAMICKA ANALIZA - produljenje vlastitih perioda

» dobro koncipirane zgrade s povoljnim omjerom odnosa
krutost/tezina za svaki kat - pomaci i un. sile se razlikuju
za manje od 10% (linearni i nelinearni proracun)

+ ako je teZina konstrukcije velika u odnosu na poprec¢nu
krutost, P-A ima velik utjecaj (>25%)

PRIMJER 1. - PROSTA GREDA

=

RASPON £=10m

PRESJEK b/h=20/40 cm [=1,067x104m*
MATERIJAL beton C35/45 E=3x107 kN/m?
OPTERECENJE g= 10 kN/m? poprecno optereéenje

H,=1000 kN tla¢na sila
H,=1000 kN vlaéna sila
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POPRECNI PRESJEK
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Property Medriers viaterisl
[£e: Hadiiers .| _+[eeTan |

Driner wior i
Decch [3]

widlh | t2 |

Cancrate Reinforcement

“ropeitwhittres s Madihzrs FarAnsiyz

Cross-gection (2dal) Ares
Sheal £rea in 2 diestion
Sheal Areain3

frestion
Torsional Corwtart

Momen: ef Inert a about 2 auis

T— 7

b

Display Color ||

CK Caneel

Momen: f Inert a about 3 axis
Mazz

“weght

Canadl

LOAD CASE

Opterecenje uzduznom tlaénom silom

Lved Case Data - Hunlinear Static Luad Case Data - Nonlinear Static

Loac Case Name- Netes: -oxdCase Troe: Lozad Case Name Holes:
ro_TL Set Dol Narre Mediy/Sho. ot =] Design. [RECH_TC SetDef Howe Madity/S o,
Iniia Condrions Aneiis Type il Corditors
& Zao ksl Cancbins - tad rom Unishossed St € Liax " Zoeo il Corvlions = St om Urmtiessod ke
£ Contiusefom Site 2 Endof Henlour Cove 2 % Cortins tom Staie ot End of Horirmae ok [FDT____ =]

mactan Hote: Losis hon s previou: cass s hehasedin e : : ate: Lo s care are =

CUITent Cae € Nonlinexr Staged Constiuction CUNErt CHTE

Madl Load Cave Seoretic Henlearty Pacemeters NodalLosd Cace
AlMods Luace Appiied Uss Modes i Cave. [MDDAL =] | | £ hios AlModd Loade AppiedUss Mode: fom Caes [MDDAL =]
Loacs Appled Lo Agoled

LosdTyne  LosdMame  SceleFacter # R LosdTyne  LozdMame  Scale Fack
LosdPanar < E

[e] |
Medis Moy
Dekte Delsic

Ol Pomelers Cibs Pasatreters
Losdbpgicaion [ Fllom  Nodiy/Show. Load Agckcakon FullLood Wasiy/Show..
Fesit: Saved FiralSaio0nly ModyShow. . Feuis Saved Pl Siae Gy HosiyShar.
Horiines: Peransier: Cofout Modiy/Sho.. Nonkies Passimisis Defaut Hesiy/Shom.

Load Case Tvoe

e =] pesin. |
Anshak: Type

7 Lnear

@ Morines

1~ Nonkrear Staged Consiuction
Geomeric Nonknesiy Parsmeters

€ Mone

@ PDela

© PDeba phus Lavge Displocement:
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LOAD CASE

Modal — za proracun vlastitih oblika

d Case Data

od

Load Czse Mams

Shftness to Llse

Numbzi ol Mudes

Loads Applied

Olher Parareters

MOCA_T_

©° Zew Iritial Zondifions - Insressed State
+  Ctifness ot Ead cf Honinear Case

Impartant bale: —cads fiom tre Henlnea: Case a s HE
rilbez Sunerd Uase

waimur N iumher f Wnres:

wiimur Mumnber of viodes

Fequency §ift (Centzr,
Cuitaf Frequency [Radius

Convzigence Tolerance

Moes

Set JefNiame |

Modiy/Stom . |

Load Case Typs

™ Show Advancac Load Parameters

[
o—
1.CO0E-13

[¥  Allow Automtic Frequency Shiftirg

“ype cf Modes
% Eigen Yechrs

Rtz Veclos

Cancel

Ml 2 DecoiNll

LOAD CASE

Opterecenje uzduznom viaénom silom

Load Csse Name: Nate:
PO Set Dl N MudyiSho..
Irstial Conditiors:

& ZerolniialConcitiens - Stat fom Unchassed Stale

€ Cerkinus hom Siats o Endof Monlnesr Cace E

Impotant Hoe: Lo 1 previous case s holidedin he

Modal Load Cace.

AlModal Loads Applied Use Mocesfrem Cate [MODAL -

Loads Appbed
Load Type Load Nane Scale Facta
[ecna +|

Ol Parsrnatare

Losjfocicatn | Fullosd ModhyShow..
Resubs Saved [ FnalStatleOnly  ModkyShow..
NorfnearPaoneters [ Deiuk  ModtyShow

osdCase Tipe

Staic | D
Analysis Type

€ Linsar

© Nonines Staged Constucion

Seonetio Norfnesciy Parametess
[

¢ FDgka ps Lerge Displacerents

Load Case Naine hotes
[HELIR_AL SelDef Hame Modly/Sho..
Iritil Coredtiors

~ Zseo it Condiions - St rom Unitressed State:
& Coniirwe rom State st End of Norlinewr Cace

importert N i previons e @

ModalLoad Case
AlModal Loods Appled Use Wodes hom Case  |[MODAL =
Loads apphed

Load Typs. Load Hame Scabe Factor
Load Fatterr v m’-‘ |
= a Add
Moy
Dlete

Cthor Paiameters

loadSpofieaton | Pullcad  Mod/Show. .
Reuls Saved FrdSen0ny _Madiv/Show. |
Honlres Faismetess Defout _ Modiy/shew... |

Load Cass Type

Static ] Besor.. |

" MNorlineas Slaged Construction

Geomelric Noninearty 2aamelsss

© Hone

« PDeta

© P-Detaphs Large Dirplacements
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LOAD CASE

Opterecenje uzduznom viacnom silom

Load Data - Modal
Lead Case Mame holes Loac Case Type
MEDeL WL St Dicf anc | MacitptShow.. ||| [Model ~| Desan.. |
Stffness to Vs Type of bodes
£ ZowIntial Cunditons - Unish e State & EigenVerias

G Stifness st End of Nerines Case £ Ritz Yeckors
Irnpetart Mk | s F 1R B, Ailing s s SR

s curer: caze

MNurrber of Modes
Maimam Mumber of Modes O
Hiumum kumber cf Modes ’7
Lcads Aopled

I Show Advarced Laad Paramesrs

Uther “arametzrz

Fiequency § hift [Center] 0

Liatoll brequency Hads] o
1.000E-03 _Concel |

Corvergence Toleranse

v Allews Autamatic Frequency Shifting

2 Moment 3-3 Diagram, (OFT_POPR)
Analosis vodel

v = gxI* _10x10

=125 kNm
8 8

=g

B Munenl 3-3 Diogram (NELIN_TL)

Analpsis Mocel

F—— ™~
o

x

BB Moment 3-3Diagram  (MELIN_¥L)
Anabpsis b odel 7

9413
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i3 peformed Shape (OPT_FOFRR)

i3 Deformed Shape (MELIN_TL)
Analyzis Model 7 Pt Obp 9

Ut = 0021
A !

u2=0
> X 3. . 059

Al=10
A2 =4 338E-16
A2-0

I8 Daformed Shape (NELIN_V1)
Anapsis Model z Pt Obj: 9

Ft Elm. 3
U1 = 03zt
&\R\ yw Uz=10

U3 =-0309

Al=
A2 =-9.346E17"
REEN

Analyziz Model z Probi 9
5xgx/* 1 PIEIT 3
w=—/—""""= Ut=0
384xExI ( Uz=0 ‘
13 =-04C7 _____P___,_..——J—— )
S R TS UTEUIRP SO . S -
~ 384x32010 ' Fi=0

D

T

PRIMJER 1. - PROSTA GREDA

Usporedba momenata i progiba — LINEARNI vs. NELINEARNI PRORACUN

TIR TIR - TLAGNA SILA TIR - VLAENA SILA
MOMENT U POLJU [kNm] 125 185 94
PROGIB [m] 0,041 0,06 0,031

povecéanje momenata i progiba
u odnosu na one

dobivene lin.proraéunom

za cca. 50%

smanjenje momenata i progiba

u odnosu na one
dobivene lin.proraéunom
za cca. 25%

MII,H _ 185

AM = —2 —
M, 125

=1,48| |AM =

MII,VI — 94 —
M, 125

I

0,75
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PRIMJER 1. - PROSTA GREDA

Usporedba perioda oscilacija — LINEARNI vs. NELINEARNI PRORACUN

DutpulCave | StepTppe StepNun Peiud|  Frequency)
Text Test Unitless Sec Cuctzec
LINEARNI ODAL Mods 1 115600 G400 I ’ '
. HODAL Mods 2 ooEre FEH T — 27-[
PRORACUN WODAL Mods 3 0o 57647 -
WODAL Mods 4 00733 92247 k
BUDAL Mode b LA e U2

OutpuiCaze | StepT, StopN Forod T
NELINEARNI e | Yo | Umlers “Ser  Cocdom
b 4 MODAL TL tod= 1 0188747 5.29E1) “ &S ”
PRORACUN S MODAL TL | Mads 3 odmss 245 — “OMEKSANJE
S MODAL TL | Mods 3 a7 1
TLACNOM MODAL TL tod= 4 D,D"\;HZ B3,2ﬂ7| KONSTRUKCLJE
SILOM MODAL TL | bads 5 ooogard 131,24
NEL|NEARN| UutputCase | Stenlupe StepNum Penod| krequency
v Text Test Unitless Sec Cycdsec - v 7 "
PRORACUN'S oo i weer : o ao | OCVRSCENJE
. = - ER =
VLACNOM MODAL WL | vhods 3 ol E8647] KONSTRUKCIJE
MODAL WL o 4 0.011332 0,247
S | LOM MODAL_JL \A:de B U,D](,EETL TD;,EQ

PRIMJER 1. - PROSTA GREDA

STABILNOST - problem tlacne sile

Load Case Data - Duckling

Lazd Case \ame Motes aatEaseTpne
STABILNOST 53t Def Nare | Modif/5how, \ +| =g

Stifinesz 1o Lize:
& ZeroInitisl Candiionz - Unstressed State

" Stffness &4 End of Norlinear Case J

Imzerkark Fcke: Load: fiom the Menlnesr Case ars MOT includsc
inthe curient szse

Lazds Applied
Load Type Load Yane Seale Faztar
LoadParerr w|[TLacda  w|[,

I
Add
Modiy
Delele

COther Paransters

Humaer of Buckling M odes E
Eigenvalue Conveigence Tolerance 10NNF-r3

Carcel
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PRIMJER 1. - PROSTA GREDA

STABILNOST - problem tla¢ne sile

I3 Deformed Shape (STABILHOSTY  Mode 1 Factor 3,15832
Aralyais Model

» _ ZEl _3,14x32010
il 7 10?
P > P_ — izvijanje Stapa

=3156,06 kN

PRIMJER 1. — PROSTA GREDA
STABILNOST - problem tlaéne sile

0Nk Objext 3 Joint Element 3

1 2 3
Trars -0.00658 0.00000 -£104.30
Fiotn 0.00000 0.00000 0.00000

L — NEMOGUCE!!!!
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PRIMJER 2. - OBOSTRANO UPETI STAP
g S
a R
ol %
RASPON =10m
PRESJEK b/h=20/40 cm 1=1,067x104m*
MATERIJAL beton C35/45 E=3x107 kN/m?
OPTERECENJE g=10 kN/m? poprec€no opterecenje
H,=1000 kN tlacna sila
H,=1000 kN vlaéna sila

B Moment 3-3 Diapranm (OPT_POPR)

gxl? 10x10? gxl* 10x10?
, = = — 83,33 kNm| |M,,,, = =
e 12 12 ' pove 24 24

=41,66 kNm

& Moment 3-3 Diagram, (NELIN_TL)

Arialysis Model z

@ Moment 3-3 Diagram (HLLIM_¥L)

Lnalysis Mode
u? == W =1

17.1.2014.
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i3 Deformed Shape (OFT_POPR]

Anasis ¥ odel FtOby 3
Pt Elm: 3
Ui=10
x [ Uz=10
o 9X z 11 = - 0081
384xEXI

R1=10
R2--6.222E13

g ] __10x10° ~0,0081 m * X R3=0 ///—/ﬂk
384x32010

Liridpsis Mude| FLOL;. 3
Pt Elm; 3
. U1 =021
: uz-1q
03 =-0038
Fi-0
B XB2 -4 116E17 ﬂ
—_— R2-10 -
I

i Deformed Shape (MELIN_YL)
Miralpsiz M odsl

J; ’
»
—CcCcmmDm
pEu SN -

Lo k2 L

o

. FE
“Huwo
~

-M7hR ___.—'—'-——:"K
Z4E7

= T

|

ua s i

== e ]

PRIMJER 2. - OBOSTRANO UPETI STAP

Usporedba momenata i progiba — LINEARNI vs. NELINEARNI PRORACUN

TIR TIIR - TLACNA SILA TIIR - VLACNA SILA
MOMENT U POLJU [kNm] 42 46 38
MOMENT NA LEZ. [kNm] 83 88 79
PROGIB [m] 0,0081 0,0088 0,0075
povecanje momenata i progiba smanjenje momenata i progiba
u odnosu na one u odnosu na one
dobivene lin.proracunom dobivene lin.proracunom
za cca. 10% zacca. 10%
M
M = Mus _ 46 _y 95| am = Mus _ 38 _ g 905
M 42 M, 42

17.1.2014.
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PRIMJER 2. - OBOSTRANO UPETI STAP

Usporedba perioda oscilacija — LINEARNI vs. NELINEARNI PRORACUN

Tlupuiloza | StepTypa | CtopRum Parod Flnquanq
Tent Tead Uriit Ser  Cyurver]
LINEARNI FOBAL Hods I T
PRORACUN ST T i orzm A
HnA Mork 4 nmiTe FR74
WODAL o= ] 0007743 123,09
TuipulCase | StepT, SwEpl Fered] T
NELINEARNI o | T | Usdless “Soe|  Cpudmet]
X MODal_T1 wnre 1 NnN71R44 -1 954 b3
PRORACUN S MODALTL | vioue 2 nozsdes 35264 — “OMEKSANJE”
X MODALTL | vloce 3 noizeE 77544
TLACNOM MUDAL IL | viace PR HH24 KONSTRUKCIJE
SILOM MODALTL | laee 5 nocoo -1
NELIN EARN | D“ll;':}ﬁﬂc 51:[»;;»: Slllx::'hll:u F:g:g F.E.;:;-:;g — — -
MODAL L Mods 1 0.0GCII7| 15075
PROVRACUN S MODAL_WL Mod= 2 02452 £0.793 - OCVRSCENJE
VLACNOM MODAL WL | Mode 3 ooizear] m% KONSTRUKCIJE
MODAL L Mods 4 0.011332] 00.24;
SILOM MODAL L Mode 5 @ uu?gg; 12;,91|

PRIMJER 2. - OBOSTRANO UPETI STAP

STABILNOST - problem tla¢ne sile

L Deformed Shape (STABLNOST) - Mode 1 - Factor 12,63577

, __mEl _3,14x32010
“~ (0,50) 5

P > P_ — izvijanje Stapa

=12624,23 kN

17.1.2014.
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PRIMJER 2. - OBOSTRANO UPETI STAP
STABILNOST - problem tlagne sile

oad Case Data -

Honlinear Satic

il fom Slele ol Evd of Nundoea Case

mportan! hole: Loads emihie pravious caza 2w incuded in he
cuIrent case

Load Case Nam= Noes _cad Care T,pe

NETIN_STAR G T e | MedipsThos | [Gatic ] Crsian
Inital Crdiions Anabsis Type

& Zerc Initial Zorditons - Start frow Unstieseed State © Lirear

& Henlinear

" Henlinear Staged Conatriction

17.1.2014.

Modal Load Caac Seometr o Monineaity Paramcters

Al Mcdal Loads A ppled Usc Modes frar- Case WO0AL j 7 Nome
i PDela

Loads Applied P Dot e Lovis Dok
It & l
LosdType Losdbame  Scale Factor o P T Bephemment
|1 Patter- | [nPT_PrPR [T

OPT POPR 1
TLatma  C_[12Ese

add
ity
Dielete

Load Patter

Othe Faramelets

Load Applicalion Full Load Modify /5 how..

Reaults Gaved | Final State Crly Modiy /5 how.. cencel
Nonineas Paianse's Dl Madit /5 haw..

PRIMJER 2. - OBOSTRANO UPETI STAP
STABILNOST — problem tlacne sile

ST Juin Disprldces re s

Joirt Jbject 9 JoinkElerent 9

1 ? 3
Tiany -0.02532 0.00000 3796.284
Rotn 0.00000 0.00000 0.00000

[F54 Deforme d Shape (MODAL STAB) - Mode 1 - Period -46.48265
Bnalysis Model

. T_, | —>NEMOGUCE!!!
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PRIMJER 2. - OBOSTRANO UPETI STAP

- AKO POSTOJI POCETNA IMPERFECIJA — npr. 1 cm u sredini nosaéa
Kako zadati pocetnu imperfekciju u SAPu?

St

PRIMJER 2. - OBOSTRANO UPETI STAP

- AKO POSTOJI POCETNA IMPERFECIJA — npr. 1 cm u sredini nosaéa

Ll Wark] Prithy 4
Mt e 0
U1 =- 00006343
1I7=1

I R % U3=-01 o
—_— -

Al=10
T e —R=3F7
R3-10

H Moment 3-3 Diagram, (NELIH_TL)

Aralpsis Model

, i M, .. 51
i — — AM = —timp _ 2= 1, 11
Dl:\ -r\ s ‘———Jij]\»_#_li—'( /r 1 MH,tI 46
AM = MII,t/,lmp _E =121
= = =4
M 42
Analss el Promb: 3
z PtElm: 9
U100
XH%T 0EIEIGE —k
T —_ - —

0
—_— RocamIEIET
" Ri=0

17.1.2014.
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PRIMJER 2. - OBOSTRANO UPETI STAP

- AKO POSTOJI POCETNA IMPERFECIJA — npr. 1 cm u sredini nosaéa

2 Defornmizd Shape (PRISILNIPOKAK)

Airalysis Heds! Tt Okj 4
z ]
111 =- NMNRA43

. p
X U3=-01 k -2
BT RT= N — L

— e RE-3EET T

3 Munneiil 3-3 Didgidm (MELIN_VL)

Anass v e - y.
:’\_ T /’l Ovisnost kritiéne sile o
T . A e pocetnoj imperfekciji za
[mim] =3l "7 =" elasti¢ni Stap
4 Doformad Shaps (MELIN_WL) M
Aralyes el N FLObi 9 AM = —Hlimp E =0,9
PiEln. 3
T b =‘“ﬂuc|2| M. 38
o ——H_\HH ERY 063 [ o —— X AM = M"M’/_mp B 33 ~0.8
Tr— Z= LIBEIET - - =M
- . :E:umagm MI 42

PRIMJER 3. — OKVIR
o
m 5|
RASPON PRECKE f=6m
VISINA STUPA f=4m
PRESJEK HEB300 1=2,517x10“4m#*
MATERIJAL CELIK S235 E=2x108 kN/m2
OPTERECENJE V=1000 kN vertikalna sila
H=120 kN horizontalna sila
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LOAD CASE

Opterecenja - vertikalne sile i horizontalna sila

1000.00

1000.00

120,00

R Joint Loads (VERT) (ks Dafined) 2 Joint Load: (HOR) (As Defined)

LOAD CASE

Opterecenje uzduznom tlaénom silom

Load Case Dala - Honlinear Static

Load Case Name:

Ndtes
FO St Del Mame. Madily/Shows .
Indtia Cornfvions

& Zawalniis| Cendtions - Stad foen Lnshassad Siate

© Contirass fioem Si
It

End of Nenlinas Ca:

Modsl Lozd Case
A1 Modal Loads hipphed Use Modesfon Care  [MODAL -
Luads dppied
LosdTipe  LoadMame  Scee Faslol
Pallerr -

Lozl ——
d 44
_Mosly |
Calste.

Ohhes Faromeless:

Losdsppicaben | Fulload  MadiySton. |
PResul: Saved [ TwalStateOrly  MoiyShon

MovlnearParemeters | Cofsd  MadiyShow..

Load Caze Type:

Statc =] Desion.
Anolyis Type

© Linss

© Hotimes Staged Corctruction
Geometiiz Noninsaity P arameler:
Mo

= PDea

T POl -age Diplhacsmer

Lead Case Data - Manlinear Static

Load Case Vame Noles
MELN SelDsiiame Modis/Show..
Iniisl Condions

" Zeio lnitial Corditors - Stadt fiom Untressed State:
& Cortinuefrom State at Znd of horines|

mportant Mot Losds emthis o

Modal Loac Case:

&1 Marial | nads Appled L2e Medes fiom Case MOOAL -

Losds Appled

Loadlyoe  LosdName  Seale Fachr

Lood Paterr - [HOR -

Ade
iy |

Dl

Dtres Paranaters

LosdAgpicatior Full Luac Modifn/Show. .
Resuls Sared Findl Stats Orlv Modifo/Sher. .
Menlingas Pasameters Detzult Modifs/Shavi.

Load Case Type
Static
Anaysis Type
~ Loest

& Horinear

™ Morineas Staged Conshuction

Gzomesic Nonkneaisy Parameters:

& Mone
© el

 2Dokaplus Large Displacements

_ Cameel |
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LOAD CASE

Load Case Mams Hetes
LIN Set Def Name Modiby/S hows.
Siffres: to Lze:

& Zeo rifal Condtions - UnsTessed Stae

 Sifiness st End of Nonlivear Caz
Impodant Notz

Loacs Apched
LosdTyse  LoscName  SCoe Facior

LoadPatterr ~ |{HOR 5

e

LosdPatien | VEFT 1. B
Moddy
Cektz

Load Cass Type

|Static v | Desgn.
Anass Tvce

& Linear

€ Hovlea:

€ Moninea $iaged Consinustion

Lo Cae Name Hoes
[FEUN  SeDclNam Huadly/Sho..
Inial Condbons

© Zewo lnial Condiions - Startfrem Unatressed State
& Contirue from State at Erd of Nonknea Case

impontent Mote: Load: from s previos caie
cunent caie

Modl Load Casz

£l Modal Load: Appied Use Modes kom Case MODAL hd

Load: Aspied

LosdType  LosdName  Seabs Facior
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PROJEKTIRANJE CELICNIH KONSTRUKCIJA

UCINCI PREMA TEORWJI Il REDA

- ucinci prema teoriji Il reda moraju se uzeti u prora¢un ako utje€u na
ukupnu stabilnost gradevine ili dostizanje grani¢nog stanja nosivosti

- grani¢na vrijednost kad se ucinci Il reda mogu zanemariti:

F
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 pomicni okviri: . // Y § ,,‘
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Ed H,Ed Fe,

* u nedostatku drugih podataka - grani¢na vrijednost svedene vitkosti:

NEd nisu zanemarivi

1> 0,3\/’4 X1, —kad uginci Il reda

PROJEKTIRANJE CELICNIH KONSTRUKCIJA

STABILNOST OKVIRA

+ PREMATIPU OKVIRA | GLOBALNOJ ANALIZI, UTJECAJI Il REDA |
IMPERFEKCIJE MOGU SE PRORACUNATI PREMA SLJEDECIM
METODAMA:

+ oboje pomocu globalne analize

+ djelomi¢no preko globalne analize i djelomi€¢no kroz provjeru
stabilnosti pojedinacnih elemenata

+ osnovni slu€ajevi stabilnosti pojedinacnih elemenata uzimajuéi u
obzir odgovarajuce duljine izvijanja prema globalnom tonu izvijanja
konstrukcije

+ JEDNOKATNI OKVIRI — povecanje horizontalne sile Hq i ekvivalentnih
vertikalnih opterecenja Vg4 zbog imperfekcija za faktor

1
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GLOBALNE IMPERFEKCIJE OKVIRA

« pretpostavljeni oblik globalnih imperfekcija mozZe se dobiti iz elasti€nog
moda izvijanja konstrukcije u promatranoj ravnini

» uzeti u obzir za najnepovoljnije optereé¢enje

o =do0,; ¢ =1/200
a, =2/h; %Sah <1,0

h —visina konstrukcije
o, =40,51+1/m)

+ za okvire osjetljive na izvijanje u pomi€nom modu, utjecaj imperfekcija
uzima se u obzir preko po€etne hor. imperfekcije

m - broj stupova u redu

PRIMJER 3. — OKVIR

PROPISI - da li je trebao proracun po teoriji Il reda?
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