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lllustration av begreppet granslast. Inspand balk belastad
med utbredd last.
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Spanningar. Strackgrans

uppnas vid stdd for en relativ

last pa 0.5.
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For hogre last ar plastiska tojningar (=gratt) mer
Illustrativa an spanningar. Utvecklad flytled vid stod for
relativ last pa 0.75.

NCDAL SCLUTTICN
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SUB =20
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Begynnande plasticering i falt, bibehallen flytled over
stod for relativ last pa 0.9.

NCDAL, SCLOTICN
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Utvecklad flytled aven i falt, konstruktion

en kollapsar for
relativ last pa 1.

NCDAL SCOLUTTCN

STEP=4

SUB =35
TIMF=1
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Skillnad mellan tva tidpunkter vid kollaps. Kollaps sker
under konstant last dvs noll elastiska tojningstillskott. All
deformation ar plastisk.

NCDAL SOLUTTICH

OCT 20 2014
STEP=9999 13:03:10
EPFLECV  (AVG) PLOT NO. 1
DMK =.902438
SMH =.004081
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Deformationer och tdjningar vaxer over alla granser nar
granslasten uppnas.
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Men med en sakerhetsfaktor 1.5 i brottgranstillstand ar
deformationer i bruksgranstillstand beskedliga.
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» Enklare konstruktioner sasom statiskt obestamda
balkar, rektangulara plattor odyl analyseras med
fordel medelst analytisk granslastteori

» Antingen mha statiska teoremet (nedre
granslastteoremet, lower bound theorem) som ger
l6sningar pa saker sida alternativt réatt [6sning

» Eller mha kinematiska teoremet (6vre
granslastteoremet, upper bound theorem) som ger
l6sningar pa osaker sida alternativt ratt [6sning
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Forutsattningar for analytiska granslastberakningar

» |dealelastoplastiskt material (inget hardnande)

» Sma deformationer (linverkan odyl tillgodoraknas

e))
» Seg konstruktion (segt material, ingen instabilitet,
inga understarka snitt)
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FE-berdkning av granslast: Anslutning VKR 120 x 5
diagonaler mot VKR 200 x 12 ramstang

BRFAS
OCT 19 2014
REAL NOM 18:48:49
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Plastiska tojningar skalade mot 5 % vid 2/3 N,
diagonalen for N=0 i ramstang

NCDAL, SCLUTICH

CCT 20 2014
STEP=3 08:40:09
SUB =6 PLOT NO. 1
TIME=.67
EPFLECV  (AVG)
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Gratt = plasticerade omraden for diagonalkraft 2/3 N,

NCDAL SCLOTICH
OCT 20 2014
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Plastiska téjningar skalade mot 0.2 % vid 2/3 N,/ 1.5.

NCDAL SOLUTICH

OCT 20 2014
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Interaktion mellan diagonalkraft Ny och ramstangskraft N,
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EC3 1-5 Plated Structures, Annex C
Annex C [informative] — Finite Element Methods of analysis (FEM)
C.1  General

(1)  Annex C gives guidance on the use of FE-methods for ultimate limit state, serviceability limit state or
fatigue verifications of plated structures.

NOTE 1: For FE-calculation of shell structures see EN 1993-1-6.
NOTE 2: This guidance is intended for engineers who are experienced in the use of Finite Element methods.

(2) The choice of the FE-method depends on the problem to be analysed and based on the following

assumptions:
Table C.1: Assumptions for FE-methods
No Material Geometric Imperfections, Example of use
behaviour behaviour see section C.5
1 linear linear no elastic shear lag effect, elastic resistance
2 non linear linear no plastic resistance in ULS
3 linear non linear no critical plate buckling load
4 linear non linear yes elastic plate buckling resistance
5 non linear non linear ves elastic-plastic resistance in ULS
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Anvisningar om imperfektioner

C.5 Use of imperfections

(1)  Where imperfections need to be included in the FE-model these imperfections should include both
geometric and structural imperfections.

(2)  Unless a more refined analysis of the geometric imperfections and the structural imperfections is
carried out, equivalent geometric imperfections may be used.

NOTE 1: Geometric imperfections may be based on the shape of the critical plate buckling modes with
amplitudes given in the National Annex. 80 % of the geometric fabrication tolerances is recommended.

NOTE 2: Structural imperfections in terms of residual stresses may be represented by a stress pattern from the
fabrication process with amplitudes equivalent to the mean (expected) values.

(3)  The direction of the applied imperfection should be such that the lowest resistance is obtained.
(4)  For applying equivalent geometric imperfections Table C.2 and Figure C.1 may be used.

Table C.2: Equivalent geometric imperfections

Type of imperfection Component Shape Magnitude
global member with length 7 bow see EN 1993-1-1, Table 5.1
global longitudinal stiffener with length a bow min (a/400, b/400)
local panel or subpanel with short span a or b bli;];g:g min (a/200, b/200)
local stiffener or flange subject to twist bow twist 1/50
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Kranbana i tva fack, imperfektioner enligt Annex C
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OCT 20 2014
EEAL, NUM 09
1
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Animering (rod = strackgrans uppnadd)

NODAL SOLUTION
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Annat perspektiv

NODAL SCOLUTION
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Plastiska tojningar 6gonblicket innan kollaps
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Granslastberakning av bro i kurva under lansering pa

NCDAL SOLUTICH
JN 9 2013

STEP=1 16:16:34
SUB =44 PLOT NO. 1
TIME=3.601
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Avslutande reflektioner

» Granslastanalys, bade analytisk for enklare

problem och medelst FEM for mer komplicerade, ger

en mycket noggrann uppskattning av konstruktionens

barférmaga.

» Med FEM kan inverkan av instabilitet inkluderas.

» En stor finess ar att granslastanalys behover vare

sig klassificering av spanningar (membran, bdj, peak,

sekundar, primaér) eller nan utvéardering av dessa for

att uppskatta barférmagan. Losningen ar

barférmagan.

» Och det ar enkelt — och snabbt.
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