Uvod

U ovom dokumentu je prikazan kratki opis programskih paketa koji se koriste na predmetima
Numericko modeliranje konstrukcija, Gradevna Statika 2 1 PloSni nosaci, a napravljen je na
zamolbu studenata. Bitno je imati na umu da je dokument radni i da se kontinuirano
prilagodava studentskim potrebama s obzirom na teme koje se obraduju na vjezbama. Opisi
izravno slijede primjere numerickih modela koji se obraduju (na web stranici) i ne mogu se
promatrati odvojeno.

Programski paketi su dio ponude Computers and Structures, Inc., a sadrzava SAP2000
(najopcenitiji modul), ETABS (specijaliziran za zgrade), SAFE (modul za dimenzioniranje
ploc¢a), Section Builder (dodatak za kreiranje razli¢itih presjeka) i sli¢éno (slika). Bitno je
napomenuti da su svi programi medusobno kompatibilni te je na¢in rada (uporaba) uglavnom
ista. Gotovo svake godine izlaze nove inacice programa pa dijelovi sucelja danas izgledaju
malo drugacije (ovisno kad je koji dio programa obraden), ali sustina (bitna za rad) uglavnom
ostaje ista.

https://www.csiamerica.com/
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Kratki opis Tollbara

. SAP2000 - primjer2Ms

File Edit “iew Define Draw Select Assion  Analyze Display Design  Options  Help

D | Hi S &y P@ea@L M iy = G & BT E Bl
Ly | % X-Z Plane @ Y=0 re
<
AN
AN
M
7 VIEW — naredbe:
O Zoom Window — odabir pogleda prozorom
) Zoom All Object — prikaz cijelog modela
- Previous Zoom — predhodni pogled
all® Zoom IN
pe Zoom OUT
al Pan — ru¢no pomicanje pogleda
‘. 3D pogled
: pogled XY
;@ pogled XZ
e pogled YZ

OSNAP — naredbe:

Odabir ve¢ def. tocke i tocaka grida
Odabir krajnjih 1 Srednjih tocki elemenata
Odabir tocke na sjecistima

Odabir tocke na okomici

Odabir tocke na elementu



Kratki opis menua File

FILE

%, SAP2000 - visa primjer

File Edit W“iew Define Draw Select  Assign

L biemMocicl ekl | o - kreiranje novog modela

- Open .. Ctri+O T - otvaranje ve¢ kreiranog

& save Chrl+s - brzo snimanje
Save fis... F12 - snimanje pod drugim imenom
Impart 3

- importiranje iz drugog softvera (*1)
- export u drugi softwer

Set Default File Paths. .. -

Eatch File Contral. .. - paralelno vodenje vise projekata

— - 'Sminka' - video

Export g

Create Videno... r
Print Setup For Graphics. .. Chr+P - definiranje parametara za printanje
4 Print Graphics Chrl+G - direktno printanje slike
T Prink Tables... > - printanje rezultata u oblika tablica
Capture Enhanced Metafile L . . . .
. - snimanje slike kao posebni file
Capture Picture g
Custam Repart Writer. .. - kreiranje deafaultnog izlaza
radifyfShow Project Information. .. - osnovni pOdaC| 0 pl’OjektU )
e Tt B e o . - prostor za komentare o projektu

Show InputfCutput Text Eiles. ., - p“kaz kreiranih file-ova

1 D, wisa primjer, SDB
2 D\, .. \kant. SOE

3 D:l...\3 PRIMIER. SOE
4 D:l...\4 PRIMIER.SDE

- nedavno koriSteni projekti (brzi open)

Exit Shift-+F4

(*1) — SAP je softwer koji dolazi u prosirenom programskom paketu koji obuhvaca softwere
SAP, ETABS(specijaliziran za zgrade), SAFE(modul za dimenzioniranje ploca), Section
Builder(dodatak za kreiranje najrazli¢itih presjeka) + dodaci za armiranje. Svi su medusobno
kompatibilni.



Kratki opis menua Edit

% SAP2000 - visa primjer

File | gdit “iew Define Draw Select

[
uv’
b Cut
By Copy
-'Bt- E Paste...
> Delete
&dd to Madel Erom Template. .

EY Interactive Dakabase Editing...
A &dd Grid at Selected Points. ..
W

11l Replicate. ..

i=i Extrude

Mowe. ..

= Align Paoints. ..

L7

4 Merge Joinks, ..
|:| H g [}
=

4 Divide Frames. ..
Mesh Curved Frame/Cable, .,
a||t% i Jain Frames

-
0
0

Trim)Extend Frames. ..

clf®
! Disconnect
e Conneck
__I Show Duplicates
Y Merge Duplicates. ..
4

Change Labels. ..

Assign Ao

Chrl4-i
Chrl4-C
el

Delete

Crl+T

CErl+R
b
CErl4+M

klasi¢ne Windows naredbe

dodatak na grid

kopiranje
produzivanje elemenata
pomicanje elemenata

spajanje ¢vorova

razdvajanje Stapova

mesh, zakrivljenih elemenata
spajanje elemenata

skra¢ivanje / produzivanje elem.

razdvajanje elemenata
povezivanje elemenata
prikaz duplih elemenata
razdvajanje duplih
promjena oznaka elemenata



Kratki opis menua View

Sve klasi¢ne naredbe AutoCAD ili Office:

i3 SAP2000) - (Untitled)

File  Edit | Wew Define Craw  Select  Assign  Anpalyze  Display  Design  Options  Help
Shift+F3 Fﬁ) 2| [y 3d wy xz uz & g o
Sek 20 Yiew, ., Chrl+Shift+F1
all®
Set Limits...
Set Display Cptions. .. Ctrl+E
Hk JB Rubber Band Zoom F2
4 ,© Restore Full Yiew F3
,@ Previous Zoom
R B zoom In One Step shift+Fs
2 Zoom out One Step shift+Fg
Ll ] pan Fg
Show Grid
N [
o Axes
s

Irevert Wiew Selection

3D pogled  ravnine:xy, XZ, i yz rotiranje 3D prikaza

Set 3D View.

- View - Set 3D View (op¢i 3D prikaz):

iews Direction Angle Fast Yiew
225 ﬂ Flan
35 g Elevation

Wz | 2
B0 ﬂ Aperture
Ok Cancel

- View > Set 2D View (prikaz po ravninama)

- View - Set Display Options (kakav prikaz zelimo na ekranu):

Display Options For Active Window:

Jaints Frames/Cables/T endons General “iew by Calors of
[™ Labels r [~ Shrink Dbjects i+ Objects
I¥ Festraints r [~ Estruds Yiew " Sections
v Springs r [ Fill Objects " Materialz
[ Local Axes r v Show Edges ™ Colar Printer
¥ Invisible r ¥ Shaw Ref. Lines " White Background, Black Objects
[ Mot in View r r " Selected Groups
r
Areag Solids Links
r r r [ Apply to Al Windows
r r r
r r r
r r r Cancel




Kratki opis menua Define

[menu u kojem definiramo sve relevantne podatke vezane za konstrukciju]

% SAP2000 - (Untitled)

File Edit Wiew | Define Draw Select  Assign  Anc
0 & ! FE Materials. .. - def. materijala
o ; UT Frame/Cable Sections. .. - def. poprecnih presjeka
E. I E K g .
= Area Sections...
F'E ‘j:‘: 1D Vie Salid Properties. ..
ﬁ Link Properties... k
Freguency Dep, Link Props. ..

Hinge Properties...

@7 Mass Source...

Coordinate Systems/Grids. .. def. grida, modificiranje, kreiranje

v

T8¢ Jaink Constraints...

Joink Patkerns. ..

“0 Graups...
Section Cuks, ., -

Genetalized Displacements. ..

BL | nad Cases... - definiranje opterecenja
Bridge Loads »

Functions L4

Analysis Cases. ..

Combinations. ..

Mamed Yiews, ..
Mamed Sets »

program automatski pridruzuje neke defaultne presjeke, materijale ili bilo koji podatak
koji mi nismo definirali (bitno provjeriti)



Kratki opis menua Draw

[menu u kojem crtamo sve elemente konstrukcije]

Display

Draw Select  Assign  Analyze
![ﬁ Set Select Mode
T Set Beshape Element Mode

o Draw Special Joink

E Draw ErameCablefTendon
“n, Quick Draw FramefCable/Tendon
o CQuick Draw Braces

i=! Quick Draw Secondary Beams

l:-"" Draw Poly Area
|:| Draw Rectangular Area
[=] Quick Draw Area

Draw 1 Jaoink Link,
Draw 2 Jaoink Link,
Quick Draw Link.

Draw Section Cuk, .,

n:]" Draw Developed Elevation Definition. ..
= Draw Reference Poink
Draw Genetal Grid Line

Draw/Edit General Reference Line. ..

Snap ko

Mew Labels, .

4

- crtanje tocaka
- crtanje linijskih elemenata
- Quick Draw (pojednostavljeno crtanje
linijskih elemenata vezan za 2D

poglede)

- crtanje povrsinskih elemenata (ploce,
zidovi, rampe...)

- crtanje Linkova izmedu ¢vorova
(definiranje specijalnih uvjeta
izmedu elemenata, npr.
Gap, Rigid......)

- pomo¢ne linije za prikaz

- crtanje ostalih pomoc¢nih linija/to¢aka

- Snap (Autocad)
- numeriranje elemenata



Kratki opis menua Select

[cijeli Menu sluzi za odabir elemenatal

J74 SAP2000 - 2005 test

File Edit Wiew Define Draw | Select Assign  Analyze Display  Design  Options  H
D = ﬁ {? & Painterswindow

s Deselect L4 N*@ Intersecting Line
12 X7 Plane @ Y=0 Irvert Selection 30 Box
Lﬁ 2% Plane
i& &2 Plane
ﬂ?} ¥Z Plane
Groups...

k,

clr™ Clear Selection

DIR‘ Frame Sections. ..
Cable Properties. ..
Tendon Properties. ..

‘:‘=‘§ Area Sections. ..

E;t% Solid Properties. ..

E‘\E‘ Link. Properties. ..
Joink Constraints. ..
Labels. ..

all® &l

Chrl4-4

- obratiti paznju na naredbu Clear Selection jer program ne deselektira elemente sa Esc
kao na ostalim programima



Kratki opis menua Assign

[menu u kojem nacrtanim elementima pridruzujemo definirane karakteristike]

fssign  Apalyze  Display  Desit

Jaink b - pridr. vezano za tocke
Frarne/Cablef Tendon y - pridr. vezano za linijske elemente
Jaink Loads ¢ - pridr. tockasto opterecenja
Frame/Cable/Tendon Loads  » pridr. linijskog opterecenja

Joink Patkterns. ..
“0 Assign ko Group...
Clear Display of Assigns

_opy Assigns



[menu u kojem nacrtanim elementima pridruzujemo definirane karakteristike]

fssign  Analyze  Display  Design  Options  Help

ErameiCable/Tendon »

- pridr. rubnih uvjeta - lezajeva
- pridr. veza izmedu ¢vorova
pridr.
pridr. masa (potres)

Local dxes, ..

Joint Loads y 2 Panel Zones...

FramefCable/Tendon Loads Merge fumber...

fssign  Analyze  Display  Design  Opions  Help

Jaink Flav wz wz a4 & . . . .
Frame,/Cablej Tendaon 3 I Frame Sections. .. - pridr. popreénih presjeka

Property Madifiers. ..

Material Property Owverwrites, .,

Joink Loads k

FramefCable/Tendon Loads  + 1= Releases|Partial Fixity.. .

= Local Axes...
Reverse Connectivity. ..
H End {Length) Offsets. ..
Joink Patterns. .. Insertion Poink. ..

“0 Assign ba Group... End Skews. ..

123 )
Clear Display of Assigns LLh OuFpuE Stations...

P-Cielta Force...

Copy Assigns

Tension/iCompression Limiks, .,
Hinges. ..

ML | ime Springs...

@@
=+ Line Mass...

Material Temperatures, .,

Automatic Frame Subdivide. .,



Kratki opis menua Analyse

7. SAP2000 - 2_VJEZBE

File Edit Wiew Define Draw Select  gssion | Apalvee Display Design  Options  He

- def. prametre proracun

=" [F] A n
= = l.;ﬁ i 3 3et Analysis Optians. .. . J. . .
D ‘;? : Set Analysis Cases ko Run - §to Zelimo racunati
wogm NE .| an nd +I = - X
b Z | o732 ¥ RME |, s - proradun

ro.- -7

Kratki opis menua Display

[menu gdje mozemo prikazati sve podatke vezane za konstrukciju]

Display Design  Options  Help

[1 show Undeformed Shape F4 - prikaz pocetnog stanja
- prikaz definiranog opterecenja

Show Load Assigns r i ot

Show Misc Assigns , - Prikaz definirani parametara
FF Show Defarmed Shape. .. F& prikaz deformiranog sustava
$=F show Forces/Stresses » - prikaz dijagrama U.S.

£/ Show Yirtual Work Diagram. ..

Show Tables... Shift+F12 tabli¢ni ispis rezultata




POCETNI KORACI

PRVI korak : promijeniti mjerne jedinice [KNm]

Kip.in.F =

u SAP-u po defaultu su jedinice Kip,in

vrlo je vazno promijeniti jedinice na pocetku.modeliranja (posebice za import iz
AutoCAD-a)

HELP
- Help aktiviramo sa tipkom F1 (svi relevantni podaci vezani za software)
- ako pokrenemo help(F1) unutar pojedine naredbe program ¢e pokazati sve
podatke vezane za tu naredbu



FILE - NEW MODEL

% SAP2000 - (Untitled)

File
[ @&

Mew Model. .. (Cerl+M) |

Help

i

o

prilikom kreiranja NOVOG modela programski paket nudi inacice nekih standardnih
konstrukcija, ako odaberemo neku od predlozenih konstrukcija program ¢e sam odabrati

neke standardne presjeke.

GRID ONLY je standardna varijanta u kojoj dobivamo mogucnost zadavanja rastera
konstrukcije (najcesc¢e zadano arhitektonskim projektom)

NOTHING/BLANK je varijanta ako Zelimo sami kreirati konstrukciju ili ako zelimo
model importirati iz AutoCAD-a (detaljno opisana u Dodatku)

W

"

MHew Madel Initialization

(+  Initialize Model fram Defaults with Units

" Initialize Model from an Existing File

Select Template

AT

KEN.m.C -

jitl

A

Grid Only Sloped Truzz  Portal Frame Perimeter Barrel Shell Wl
Frare:
Mothing Vertical Truzs Braced 30 Frame Cylinder Flat Slab
Frame
—| & 7
Beam 30 Truss Eccentric Bridge Dome More...
Frame [BAG]



NEW MODEL - BEAM

- zadajemo broj polja (Number of Spans)
- karakteristi¢ni razmak (Span Length)

- u Menu Section Properties trebamo odabrati popre¢ni presjek grede od defuultno
ponudenih

- ako odaberemo Restraints opciju program ¢e kreirati karakteristi¢ni kontinuirani
nosac

- opcija Use Custom Grid Spacing and Locate Origin je napredno zadavanje
parametara Grida

Beam Dimenzsions

Mumber of Spanz |2 Span Length |E,
[ Use Cugtom Gnd Spacing and Locate Origin

Section Properties

Beams [w18:35 -

p Restraints - \ Cancel |




EDIT - GRID

[pomocne osi kojima definiramo konstrukciju, najcesée odgovaraju osima arhitektonskih
nacrtaj

- zadajemo broj osnih linija u svakom koordinatnom smjeru (X,Y,Z)

- udrugom koraku zadajemo vrijednosti udaljenosti osnih linija u metrima
- sve moze biti zadano okvirno i kasnije promijeniti u obradi modela

- GRID se isklju¢uje View = Show grid = Current/All/None

lew Coord/Grid System

Cartesian ] Cylindrical

System Name
Mumber of Grid Spaces

# dirgction 2
' direction 2
£ direction [

Grid Spacing

= direction 5
' direction 5
Z direction k|

ak. | Caticel |
,stl SAP2000 - {Untitked) - :"Lf_M
B L% Uen Dufre Dy o ipen Mpives Diger Doy Qe (0
D HY% P ey PP Ny up & G W Bl et

EH 2N W AR, 5 . oINS
iy | K30 View (=] %

30 Viw 000 Y000 200 [oomaL v][Ksi.m



PRILAGODBA (MODIFICIRANJE) GRIDA

SAP2000 - (Untitled)
Ele Edit ‘iew | Define Draw Select Assign Apalyze Display Design Op
D oo | B8 LS ter. Y EN-IE
i
v loe | [; T Frame/Cable Sections. .
& <] ap 02 3
< L Eg frea Sections. . g 2ol
& G xZple 5ol Propertiss...
£ E
£ Link Properties. ..
Fraquency Dep. Link Praps. ..

Coordinate/Grid System Data

Systems Click ta:

o e < GLOBAL Acld New System. Sz (e
AN INEES SR Direction
AN Coordinate Systems|Grids. ., Add Copy of System.. & I oy -z
4 247 Joint Constraints. . Modiy/Show System % Location Click to,
Joink Patterns...
SR Add Grid Line

“0 Groups...
Section Cuts. ., [~ Convert to General Griid .5

° Hinge Eroperties. ..

Generalized Displacements...

“E04

O Load Cases... 0K Cancel

Bridge Loads

Delete All

alf® Functions

ZF Analysis Cases. . I Hide Grid Line

B combinations. ..
Vg& v Lock Grid Lines

Mamed Yiews...
[~ Snap toGrid Lines
[ Glue Joints to Grid Lines

i Cancal

Named Sets

- u prikazanom Menuu primje¢ujemo ispisane vrijednosti onoga sto smo zadali

Define Gr.
Edit  Format
Urits
System Name KM, m, C -
# Grid Data
GridID | Ordinate | Line Type | Visiilty [ Bubble Loc. | Grid Color «
1 w1 o, PFrimnary Show End
2 wl 1 Frimary Show End
3 u3 3 Prirnary Show End _
4 x4 5 Frimary Show End
]
3
7
o] -l
¥ Grid Data Display Grids as
GridID [ Ordinate | Line Type | ishily | Bubble Loc | Grid Color < @ Ordinates  Spacing
1 vl 0. Frimary Show Start
2
3 [ Hide All Grid Lines
—g [~ Glue to Grid Lines
E
7 Bubble Size  |1.25
e =
Z Gnd Data
FReset to Defaulk Color
GridID | Ordinate | Line Type | Vishily | Bubble Loc. | ﬂ
1 21 1 Primnary Show End .
— Reorder Ordinat
2 22 1 Primary Show End e e
3 23 2 Primnary Show End
4 z4 4 Prirnary Show End
]
[
7 J 0K Cancel
a -

- promjena zadanih vrijednosti



DEFINE - MATERIJAL

[definiramo zadane materijale]

Materials

Click to:
Add New Material...
Madify/Shaw Material...

Ok

Cancel

Material Property Data

Material Name

Type of Material

i+ lzotropic " Orthotropic

Analyziz Property Data
Maszs per unit Yolume
‘wigight per unit Yolume
Moduluz of Elasticity
Paiszon's Ratio
Coeff of Thermal Expansion

Shear Modulus

Dizplay Color

Calar

Tepe of Design
i Diesign

M aterial Property Data [AC1 318-99)

Specified Conc Comp Strength, o |27579.032

4028
[2ag631
[24221128
’027
[9.800E-06
Moz

Bending Reinf. ‘vield Stress, fy
Shear Reinf. ‘vield Stress, fps

I™ Lightweight Concrete

I aterial Damping - Advanced... |

Cancel |

—

[Concrete ]

4136855
275790,32

—

menu nije napravljen u obliku da odabiremo klasu materijala po nekim propisima ve¢
sami upisujemo osnovne karakteristike materijala

mi mozemo modificirati definirani materijal (Slika gore) ili kreirati novi (Slika dolje)

zadane vrijednosti upiSemo u jedinicama kN, m, C

laterial Property Data

Material Mame

Type of Matenal

f* lzotropic

Analyziz Property D ata

Mazs per unit Volume

Weight per unit Walume

Modulug of Elasticity

Poizzon's Ratio

Coeff of Thermal E xpangion

Shear Modulus

WO

(" Orthotropic.

[Foe3
.
o0
e
MoEss
AisEs

I aterial Damping - Advanced... |

[ o< ]

Dizplay Calor

Coler [

Type of Design

Steel hd

Dezign

Design Property Data [A15C-45083)

Minimum vield Stress, Fy 248211.28
Mirirurn Tenzile Stress, Fu 39598396,

Cancel




DEFINE AREA SECTIONS

. SAP2000 - (Untitled)

File Edit View | Define Draw Select Assign
D & | [ LE Materials. .

m .
e W = ;\[ T Frame/Cable Sections...
h— 52| frea Sections...

l} }-{: 3-D Vi Solid Properties. ..
& Link Properties...
_%_ Freguency Dep. Link Props... Sections Click ta:
i i Section Name PLOCA
Hinge Properties... 5
PLOCA Add New Section..
~ 27 Mass Source... tdaterial
~, Coordinate Systems/Grids. .. Modify/Show Section... Material Mame CONC -
3 )
0% Joint Constraints,.. Material Angle ’07
Joint Patterns...
¥ Groups... Area Type
& Section Cuts... ak. + Shel
Generalized Displacements. .. " Plane
Cancel ) . )
! Bl Load Cases... " Axigprmetric Solid [Azolid)
Bridge Load:
Hege toacs Thickness
a||l3 Functions
I3 ~D Membrane 0.25
ps ~E Analysis Cases,., X
Bending 0.25
‘%& B Combinations. ..

Mamed Yiews. ..
Mamed Sets

Analyze Display Design

Options  Help

PRRL M 3y w2

Area Section

Type
i

i

Set Modifiers...

ok ]

" Membrane

" Plate

Dizplay Color ’_

zadajemo Materijal i kut materijala (O je defaultna vrijednost)
izabiremo tip presjeka :
o PLANE (krutost na savijanje samo van ravnine presjeka)
o MEMBRANE (krutost u ravnini presjeka)
o SHELL (sve krutosti u ravnini presjeka i van ravnine)

zadajemo debljinu na savijanje i za membransko djelovanje presjeka

sve karakteristike presjeka mozemo dodatno modificirati mnozeci ih proizvoljnim
koeficijentima



DEFINE FRAME SECTIONS

[definiramo poprecne presjeke stapoval

Reinforcement Data

Froperties Chooge Propertp Type for Add Drezign Type

Type in property to find Impatt |7Wide Flange. = Section Name |GREDA  Column + Beam
el

Add Rectangular - Concrete Cover to Rebar Center
WE Dlick Section Properties... | Property Modifiers.. | Material  |CONC - Top 0,0457

ick: to:
WEK4D ,7
WS Add New Property... Dimersions Battam 00457
WEXET P
W12 Depth [t3] 05
W49 Reinforcement Overides for Ductile Bearns
WlKES “wiidth [£2] 025 Left Right
WKas &
WIDKT12 3 Top 0. |o.
w1214 bl

0K Cancel Botom |0, |0,
Dizplay Colar ,_
Concrete Reinforcement. . I
0K Cancel

Cancel

menu ve¢ ima definirane standardne presjeke koje automatski pridruzuje modeliranim
elementima ako mi ne definiramo drugacije

e definiramo traZeni presjek tako da iz padaju¢eg Menua izabiremo oblik presjeka (npr.
Add Rectangular) i izaberemo opciju Add New Property.
e zadajemo osnovne podatke presjeka (u programu imamo samo kvadratni presjek pa
zadajemo visinu[Depth] i Sirinu [Width])
e softwer automatski iscrtava presjek na skici tako da mozemo provjeriti zadane
podatke.
e izabrati ve¢ definirani Materijal

Property/Stiffness Modification Factors

e A u opciji Section Preoperties i Property Modifiers
TOPEITY, INhEss Moainers 1or Analyss v . .. v - -

s socton i A T moZemo zadati faktore kojim 'rucno’ mijenjamo

Shear Area in 2 direction 1 karakteristl ke pOpr@énOg prESjeka.

Shear Areain 3 direction 1

Torsional Constant 1

Moment of Inertia about 2 axis 1 P R E DAVAN\\]{A L . .y

Moment of Inettia about 3 o — (prelaz sa tocne metode pomana na inZenjersku mozemo

Mass I napraviti tako da pove¢amo uzduznu krutost)

Weight n

(0] I Cancel ‘

Betonski presjeci

Celic¢ni presjeci



DEFINE SOLID PROPERTIES

5% SAP2000 - model tla-pilta-optploca

File Edit “iew | Define Draw Select  Assign

0@ | | & EE materials. .
“-_"‘1 Frame/Cable Sections. ..
Q Ek: 3-D Vie 2 Area Sections. ..
Solid Properties. ..
& Link Properties. ..

Hinge Properties. ..

@7 Mass Source...

I&? Joint Constraints. ..
Joink Patkerns, ..

“a GrOUpS...
Section Cuts,.,

DEL Load Cases...
Etidge Loads

Functions

“:? Analysis Cases...
B Combinations. .

Mamed Views. .,
Mamed Sets

Coordinate Systems/Grids. ..

Ang

Freguency Dep. Link Props...

Gener alized Displacements. ..

—F .
¥
|
Properties

zadajemo volumni element

SOLIDT

Click ta:

Add Mew Property...
Modify/Show Property...

Solid Property Data

Property Name Souopd
I aterial
Material Name ’m
I aterial Angle & ’07
Matenial Angle B ’07
Matenal Angle C ’07

Tupe
v

Display Calor .

Ok I Cancel |




DRAW FRAME

[definiramo geometriju konstrukcije u nasem slucaju zadajemo Stapove]
. SAP2000 - (Untitled)

File Edit Miew Define | Draw Select Assign  Analyze Display Design  Options  Help

DE HiE| o By set select Mode M| 2d w w2 we
. _?g_ Set Reshape Element Mode

e T & - a

EL 3D View

o Draw Special Joint

s, Draw FramefCable
., Quick Draw FramefCable

=0 a7

U Draw Quad Area

v
4

Draw L Joint Link.

Otvara nam se novi Menu:

Iroperties of Object %

Froperty GREDA - odabiremo def. Poprecni Presjek
Moment Releases Continuous - zadajemo Gredu(Continuus) il
# Plane Difset Mormal 0, Stap (Pinned)
Drawing Contral Type !Nune <space bary j

MNone <space bar:

Horizontal <H:

- Drawing Control Type (nacin
odabira tocki elemenata, vezan
isklju¢ivo za 2D crtanje — U
ravnini):

Yertical <\

Farallel to dngle <é:
Fixed Length <L
Fixed Length and Angle <5
Fived dh and dv <D

None = misem zadajemo tocke [na gridu ili ve¢ definiranim elementima, dodatna

O
pomo¢ su Osnapi]
o <H> horizontalna linija
o <V> vertikalna linija
o <A> paralelna sa zadanim kutem
o <L> linija definirane duZine
o <S> linija def. duzine i kuta
o <D> linija definirana pomocu x i y udaljenosti

e ako smo pravilno definirali grid moramo samo ‘popikati’ to¢ke i definirati geometriju
konstrukcije. U slacaju da moramo dodatno definirati neke tocke onda koristimo
navedene opcije.

e USLUCAJU POGRESKE:
= odaberemo gredu miSem i obriSemo je tipkom Del

= odaberemo gredu i pridruzimo joj pravi presjek (vidi dodatak)



DRAW - QUAD

H SAP2000 - (Untitled)

File Edit “iew Defing | Draw Seleck  Assign Analyze Display Design Options  Help
BN = By set select Mode M| 3d w w2 e

Ve T = RS e?

B | 5% 3D View

o Draw Special Joint

™, Draw FramefCable
, Cuick Drave Frame/Cable

7 Draw Quad Area

Draws 1 Joink Link
Draw 2 Joint Link Element
Quick Draw Link,

:)} Draw Developed Elevation Definition, , .
Draw Section Cuk...

Snap ko

Mew Labels. ..

Property PLOCA
Drawing Control Type MNone <space bary

povrsinske elemente zadajemo birajuci karakteristicne tocke
moramo zadati min. 3 tocke, a max. 4 tocke



EXTRUDE

3% SAP2000 - model tla-pilta-optploca

Eile | Edit Wiew Define Draw Select Assion Analyze Display Design  Options Help
PP PR M = »

@ &7 Undo Mesh shell Chrl+Z
4 Redo Extrude Areas

& & cut i+
ﬁ Copy CtrHC
L | R paste... Clrl+v

¥ Delets Delste

Y Add ta Model From Template. .. Chrl+T
., Interactive Database Editing. ..

Add Grid at Selected Points...

:II Replicate, .. ChrHR =t e
&7 Extrude b 22 Extrude Points to Frames(Cables. ..
Move... Ctrl+M 58 Extrude Lines ta Areas...

Merge Joits. .. Convett Lines To Areas

T oe?

Convert Lines To Solids

4 [= align Points. .
= @ Extrude Areas ta Solids, .,
=
i - Divide Frames... Convert Areas To Solids
2 B Mesh Curwved Frame/Cable, .,
ps z Join Frames
k

Trim/Extend Frames. ..

% [E Mesh areas...

Mesh Solids. ..
_::1 Disconneck
iy Conneck

Show Duplicates
34 Lp

Merge Duplicates...
4

. Chanae Labels. .,

Extrude Areas to Solids

ve¢ definirane povrsinske elemente mozemo pretvoriti u Solide pomocu naredbe Extrude
tako da joj zadamo debljinu na jedan od predlozenih nacina:

Extrude Areas to Solids

Extrude Areas to Solids

Extrude Areas to Solids

Linear Radial ] Advanced

Linear Radial ] Advanced]

Direction of Extruzion

Direction of Extrusion
" Mormal to Area Surface

" Uszer Defined

Increment Data

dx 0.
dy 3.
dz 0.

Ca—

Jv Delete Source Objects

Incremert D ata

+3 Dir Thickness  [0.125
+3 Dir Mumber 1

-3 Dir Thickness 10129
—

[v Delete Source Objects

MHumber
-3 Dir Mumber

Linear

Rotate Abaut Axiz
v H I i 2

Fotate About Point

—
—

Paint v

Paint £

Increment D'ata

Angle 10,
’97
,&7

Mumber

Tatal Rise (]

[v Delete Source Objects

Advanced ]

Extrude Areas to Solids

Linear ] Radial

Type of Extrusion

+  Abszolute Coordinates

" Relative Coordinates

Start at »
Start at %
Start at £

Define/Modify Path.. |

|v Delete Source Objects

Cancel

Cancel

Convert Lines to Solids / Convert Areas to Solids

Ok I Cancel

l:l Cancel

Naredba CONVERT pretvara ve¢ definirane linijske i plosne elemente u njihove 3D
varijante pomocu dimenzija kojima smo ih definirali




MESH

% SAP2000 - (Untitled)

Ele | Edit View Define Draw Select Assign Apalyze Display Design Options Help

[* =2 Undo Mesh Shell 2 B A BEE M 3d oy e ow & gy 9% b
i . LS Ee | E
% ocut el
Ey B2 copy Chrl+C
¥ Delete Delete
B
Add ko Madel Erom Template. ., Chrl+T
5 Interactive Database Editing. ..
AN
1l Replicate. .. Ctrl+R
Extrude 3
Mave. .. Chrl+M
7
1
alf*
PSR
olf | [E pesh Areas...
1
e Conneck
__' Show Duplicates
i
4
u Merge Duplicates. ..
4
A Change Labels,..

svaki povrsinski element mozemo Meshirati na proizvoljan broj elemenata

elemente nije nuzno diskretizirati jer softver ima Automatski mesh (druga naredba)



DEFINIRANJE TOCAKA ISPISA REZULTATA
(OUTPUT STATION)

definiramo tocke ispisa neovisno o meshu

5 SAP2000 - 1 primjer

File Edit ‘Wiew Define Draw  Select | Assign  Apalyze Display Design  Options  Help
SICE A, e w oo ar 2@ %. 1@ ]n
— Frame(Cable/Tendon r Il=". Frame Sections...
B 3D View Property Modifiers. .
“R‘ Material Property Overwmtites, .,
o
™ FramefCable/Tendon Loads ¥ K= Releases/Partial Fixity. ..
S %" Local Axes...
Reverse Connectivity. ..
ﬁ End {Length) Offsets. ..
Insertion Point...
Z: Assign ko Group. .. End Skews. ..
1eE L |
Clear Display of Assigns R L S
. R P-Delta Force...
al®
S Tension/Compression Limits., ..
pe Hinges. ..
cift
| =< Line 3prings...
e . 0
. =, Line Mass...
Material Temperatures..,
i
—id
= Autornatic Frame Subdivide. ..
i
Sl

odabiremo broj ¢vorova (Min. Number Stations) u kojima nam softwer prikazuje
rezultate proracuna ili razmak ¢vorova (Max. Station Spacing)

Assign Cutput Station Spacing

—
a—

" Max Station Spacing

* Min Number Stations

Cancel |




ASSIGN JOINT RESTRAINS

[definiranje lezajeva]

- (Untitled)
! Define Draw 3Select | assign Apalyze Display Design  ©ptions  Help
E;Q K g & Jaink b 1% | Restraints... 2 G g 0¥ [
: Ev a9 oL 4}.__\ - ?:urlustralnts... ]
£ SPHngs

Tew

-
ik Panel Zones. ..

Joink Loads k

Joink Patterns. ..
“O Assign to Group,..
Clear Display of Assigns

Copy Assigns

PAZI:  prilikom zadavanja lezajeva prvo moramo izabrati tocke

loint Restraints

Restraintz in Local Directions
¥ Translation 1 [# Rotation about 1 U prostoru to¢ka ima 6 stupnjeva slobode

Iv Translation 2 | HRotation about 2 . . .
Smjerovi 1,2,3 su propadne lokalne osi x,y,z ***

v Translation 3w BRotation about 3 . . .. .- e v . .
u smjerovima oznacenim kvaéicom su sprijeceni pomaci

Fast Restraints

L ]

A%

Klasi¢ni lezajevi (upeti, nepomic¢ni, pomiéni)

QK | Cancel |




DEFINIRANJE CONSTRAINTA

- ako zelimo definirati posebne odnose izmedu pojedinih tocaka
- zaopis tipova Constrainta unutar svake naredbe tipkom F1 dobivamo opis

5 SAP2000 - model spoja grde 1 ploce

File Edit Wiew Define Draw Select | gssign Anslyze Display Design  Options  Help

D Hi g | & Zeint b T3 Restraints... 2
Constrainks., ..
o aE .| an 17 I e
eV 28 e B R .
S @
B | B X-Y Plane @7-3 % Masses...

Local Axes, ..

y ‘2 Panel Zones...

Joink: Loads Assign/Define Constraints
Consztraints Choose Constraint Type for Add
NULL Body 57
PLATED J
Joink Patterns, ..
. Plate
“4 Assign to Group... Rod
Clear Display of Assigns E;s:}
Copy Assians I\ﬁeclzl v

0k Cancel



ASSIGN RELEASES

[otpustanje unutarnjih veza — definiranje zglobova unutar konstrukcije]

3 SAP2000 - ttt

File Edit Wew Define Draw Select | pssign Anpalyze Display Design  Options Help

D HS J| & E‘"ﬂ}dw W v ar & % | T @ % % BEE Xl =
FramefCable ¥ =% Sections...
Yl |EY | B o = =& 2F et e % | L gD R
<0 B . R ———— it ¢ 2lLdil | n .
B :ja,{: X-Z Plane @ Y=0 Material Property Overwrites, ., [:]@ :ﬁ:

-?{- 15=| Releases/Partial Fixity. ..
% Local Axes...
° FramefCable Loads Reverse Connectivity.. .
H End {Length) Offsets. ..
Insettion Point. .,

1% output stations...

Prestress...
“0 Assign ko Group. .. P-Dela Force...

Clear Display of Assigns

Copy Assigns Tension/Compression Limits...
. Hinges...
< Line Springs...
alfs i Line Mass. ..
DSR IMaterial Temperatures...

clr Automatic Frame Subdivide. ..

PAZI: prije zadavanja moramo izabrati grede

Assign Frame Releases

Frame Releazes

Release Frame Partial Fixity Springs
Start  End Start End
fvial Laad rar | |
Shear Force 2 (Major) [ [ | |
Shear Force 3 (Minor) T T | |
Torsion rro| |
Maoment 22 [Minar) ~ | |
M oment 33 (M ajor) - I | |

v MoReleazes Ok, | Cancel |

Kvacicom biramo otpustenu unutarnju sile (na pocetku ili kraju elementa)
Axial Load - Uzduznasila
Shear Force 2 - Poprecna Sila
Moment 3-3 - Moment

Softver c¢e nacrtati shematski prikaz otpustenih veza

Ako zelimo provjeriti koje su nam veze otpustene odaberemo opciju :View = Set Display
Options = Frame/ Cable Releases



DEFINE - LOAD CASES

[definiranje opterecenjal

i SAP2000 - 2_VJEZBE

Ele Edit Wew | Define Draw Select Assign  Analyze

D = (& Materials. ..

T Frame/iCable Sections. ..

T
LTI LN
E\‘ I h £ frea Sections. ..

:j:,{; 3D Vie Solid Properties. ..
& Link Properties. .. 3
Freguency Dep, Link Props. ..

Hinge Properties. ..

@7 Mass Source...

Coordinate Syskems/Grids. ..

E&? Joint Constraints. ..

Joink Patterns. ..

“a Groups...

Section Cuts. .,

Define Loads

Generalized Displacements. ..

Loads

Bl Load Cases...

] Self Weight Auta =
Bridge Loads Load Mame Tupe Fultiplier Lateral Load
13 : |DPT LvE ﬂ |U J todify Load
all Functions OEAD ] :
X OFT LIvE 1}
ps® YE Analysis Cases. .. ﬂ
13
i:& PE“‘ Combinations. .. ﬂ Delete Load
. Mamed Yiews. .. —
Mamed Sets
) Cancel

ime opterecenja zadajemo sami i pridruzujemo mu karakteristicni tip (Type) optereéenja
definiranje i promjena parametara se vrsi na nacin da prvo promjenimo Ime / Type /

Multiplier a onda odaberemo funkciju ADD NEW LOAD ili MODIFY

neka opterecenja su vezana za propise te je potrebno zadati dodatne parametre
prilikom zadavanja Load Casea moramo paziti da samo jedno opterecenje ima pod
opcijom Self Weight Multiplier vrijednost 1(za nase opterecenje treba biti 0 )

ime opterecenja zadajemo sami i pridruzujemo mu karakteristicni tip (Type) opterecenja
(za nas zadatak nije bitan)

neka opterecenja su vezana za propise te je potrebno zadati dodatne parametre



ASSIGN = JOINT LOADS - FORCES

[definiranje optereéenja u ¢vorovimal

3 SAP2000 - tit

File Edt View Define Draw Select | pssign Analyze Display Design Options Help

D HE < J & ot L R T e | 4 4
|S[EF | [ | 1T TR OB R

Frame Releases

g

Joint Loads » £} Forces. .

b Displacements. ..

(% LSS

Joint Patterns. ..

“4 Assign to Group. .

Clear Display of Assigns

BO4

Copy Assigns

al®

PAZI: prije zadavanja moramo izabrati tocke

oint Forces PathI
Units
Load Case Name |°Ptﬂ |KN» m, C ﬂ - pridruéeno ’Load Case Name’
Loads Coordinate System

F Glabal = 0, P ..
e Hene Goeel x| | - globalni ili lokalni sistem
Force Glabal % o0,

Optiohz
Foree Blobalz 5 ~ sddwEdsnglosds | - aktualnu opciju pod 'Options'
Moment about Global < |0, i+ Replace Existing Loads
Moment about Global v |0, " Delete Existing Loads

tdoment about Global Z |0, ’TI

Cancel

vrijednost zadajemo u kN, m tj. onome Sto smo zadali na pocetku definiranja projekta



ASSIGN = FRAME/CABLE LOAD = POINT

[definiranje koncetriranog opterecenja na elementima — gredama/stupovima]

F SAP2000 - 11t

Fle Edit Yiew Define Draw Select | pssign Analyze Display Desiogn  Options  Help

D @ - /&

ST 2w,

Ex 7 Frame Releases

PAZI:

‘rame Point Loads

“a Assign to Group...

FramefCable »

3d wy w2 w2

B~ fwf JE R

gat | &

Do i s

FramefCable Loads * Gravity. ..

2 Pairt...
2 Distributed. .

u; Temperature...

Reference Temperature. ..

Prestress...

Clear Display of Assigns

Copy Assigns

Urits

Load Case Hame 0L e

Load Type and Direction

f+ Forces { Moments

Coord Sy |GLOBAL v
Direction | Grawity -

ol [KN.mC =]
Optiohs

(™ Add to Existing Loads

f* Replace Existing Loads

" Delete Existing Loads

Foint Loads
. 2 3 4
Distance |0 |.25 |75 [1
Load |0, |0, [0, 0.

{* Relative Distance from End

" Absolute Distance from End-l

[ox ]

Caticel |

vrijednost zadajemo u kKN, m

prije zadavanja moramo izabrati element

- ime opterecenja (definirano)

sile ili momente
lokalno ili globalno

udaljenost od pocetka Stapa

relativno(u postocima) i apsolutno( u
metrima)



ASSIGN = FRAME LOAD - DISTIBUTED

7% SAP2000 - 2_VJEZBE
File Edit Wew Define Draw Select | Assign Analyze Display Design  Options  Help
D E EQ P @Iﬂ 3d wy mz yz &P g

I
E 'Cahl »
e T @ N - ez gy Comeioe B e 2 L ogmiE |

& | 23D View =)ok

A0
B
E=

Frame Loads Gravity...

*_ Point...
& Distributed. ..

U.L Temperature. .,

Reference Temperakture. .,

“a Assign ko Group... e

Clear Display of Assigns Auto Wave Loading Parameters, .,

Copy Assigns

[definiranje koncetriranog opterecenja na elementima — gredama/stupovimaj

PAZI: prije zadavanja moramo izabrati element

‘rame Distributed Loads

Units
Load Case Name  |OFT | KN.mC v - ime opterecenja (definirano)
Load T d Directi Opt o .
S pHans - sile ili momente kontinuirane
+ Forces { Moments (" Add to Existing Loads

- lokalno ili globalno (osi)

Coord Sys |GLOBAL - i+ Replace Existing Loads
Direction | Gravity - (™ Delete Exizting Loads

Trapezoidsl Loads _ - udaljenost od pocetka Stapa

: 2 3 4 . . y
Distance |0, 0,25 075 I, - vrijednost optere¢enja (mozemo

definirati promjenjivo
Load |0, |0, |0, |0, , .
opterecenje)
o Relative Diztance from End- " Abzolute Distance from End- _ relativno(u pOStOCima) |
Uriferrn Laad apsolutno( u metrima)
Load 0, (] I Cancel |

'

- zajednoliko opterecenje trebamo unesti iznos u opciju Uniform Load



ASSIGN = FRAME LOAD - TEMPERATURE

[definiranje temperaturnog opterecenja)

1 SAP2000 - tit
File Edit Wiew Define Draw Select | assign Analyze Display Design Options Help
D i o /& | 3d w w2 w2 ar | o 4
1 Erame(Cable 3 _—
IR B R | T i

B ﬁ: Frame Releases

- | =

FramefCable Loads 3 Gravity,..

1 Point...
1 pistributed. ..

u.; Temperature. ..

/7

...... Reference Temperatur. ..

“f Assign ko Growp,..

Prestress...

Clear Display of Assigns

Copy Assigns

SEOQ)

7

PAZI: prije zadavanja moramo izabrati element

Frame Temperature Loading

- ime optereéenja (definirano)

Load Case Hame

Tupe Options Tvpe:
+ Temperature = Add to Existing Loads 1¥grﬁperature —t
- -
" Temperature Gradient 2-2 {+ Replace Existing Loads T dient 2-2
- lemp. gradient 2-2 =
" Temperature Gradient 3-3 (" Delete Exizting Loads P-9
TerrE - Temp. gradient 3-3 =

f+ By Element

Temperature o Temperature:

h
h

® it L Cancel - upiSemo vrijednost, tsili A%

Patterm
Fultiplier

o temperaturni gradijent je vezan za lokalne osi Stapa, nama za zadatak treba
Temp. gradient 2-2. (ako zadamo pozitivnu vrijednost znaci da je 'toplije’ na gornjoj

strani Stapa)



ASSIGN = JOINT LOADS - DISPLECEMENTS

[definiranje prisilnih pomaka i rotacija u ¢vorovimal)

i, SAP2000 - ttt

File Edit Yiew Define Draw Select | Assign Analyze Display Design  Qptions Help

D =% | & Dot MEM | 3d ow s g2
e : . o yul

Rl A I A ] A B R

=
L ¥, Frame Releases

<

Juint Loads » £, Forces...

w5 | Displacements. ..

Joint Patkerns. ..

X: Assign ko Group..,.

Clear Display of Assigns

Copy Assigns

"B04

PAZI: prije zadavanja moramo izabrati tocke
Ground Displacements Paziti:
Units . 5 , ,

Load Case Name  |opt < | [eime =] - pridruzeno 'Load Case Name
Displacements Coordinate Syztem
Tranzlation Global 3 0. ; ; I .

WBLOBAL T v - globalni ili lokalni sustav

Translation Global 0.

) Dptiors .. . . '
Translation Global Z 0.  Add o Esisting Loads - aktualnu opciju pod 'Options
Rotation about Global 3 0. f* Replace Existing Loads
Ratation about Global Y 0. i Delete Existing Loads
Rotation about Global 2 |0. lTl Cancel |

pomake i rotacije zadajemo u kKN, m #. onome sto smo zadali na pocetku definiranja
projekta



DEFINIRANJE POVRSINSKOG OPTERECENJA

5 SAP2000 - model spoja grde i ploce

File Edit Wiew Define Draw  Select Assign Anslyze Display Design Options Help
B = ] Select ¥ Pointer/Window

Deselect 3 ’%& Intersecting Line
ke Ty 2 - ey 7!
Invert Selection 3D Box

];:_E =Y Plane
*® ol Clear Selection

ako zelimo odabrati karakteristicne
elemente postoji vise razlicitih nacina

Foa .
U Joint Restraints  pd% Get Previous Selection

,}; %2 Plane
%_,% YZ Plane

GFOUPS. ..
DIR’ FramefCable Sections. ..
D.:‘.t’ Area Sections. .,
Egk‘ Salid Properties. ..
% Link Properties. .,

Joint Constraints, ..

Labels...

Al Al Ctrita

kako izabrati elemente (moramo prije izabrati onda pridruziti):

po presjeku tj. izbrat cemo sve elemente kojima smo pridruzili Area Section — PLOCA
klikom misa
prozorom obuhvatimo

pridruzit cemo povrsinsko opterecenje
zadajemo

o Load Case

o Vrijednost opterecenja

o smjer

5 SAP2000 - model spoja grde i ploce

Eile Edit Yiew Define Draw Select | Assign Anslyze Display Design  Options  Help

D | % 7| & Bl 3d w w2 = » G i B
[ = R LR R N SEAE F

Area Uniform Loads

area 3

Units

N 7 Joint Restraints
Load Case Mame |Iive j |KN, m, C j

Uniform Load Optionz

Load ’2[‘7 " Addto Existing Loads

Coord Systerm |GLOBAL - i+ PReplace Existing Loads

Directi m (" Delete Existing Loads
irection

OF. | Cancel

Area Loads 13 Graviby {al)...
5\ & Gravity (Al

A i} Uniform (Shell). .

Surface Pressure (All)...

P Gl G Pare Pressure (Plane, Asolid)...

I& Temperature [All...

Clear Display of Assigns
Reference Temperature (All)...

Copy Assigns
Rokate (Asclid). .




ANALYSE - RUN ANALYSE = RUN NOW

# SAP2000 - 2_VJEZBE

File Edit ‘iew Define Draw Select Assion | Analyze Display Design  Options  Help
D 3 E:"j f 3 3 Set Analysis Options. . w2
. Set Analysis Cases to Run...
be T 2 pE- ) er 7| (R UF

[y | 7% Frame Distributed Loads (OPT)

¥ | Bun Analysis [FS

o

S
.

t Analysis Cases to Run

Click, to:
Casze Name Type Status Action
DEAD Linear Static Finished Flun
MODAL Modal Finished Fiun

oPT Linear Static Finighed Fiun

Fun/Do Mot Fun &l
Delete All Results

v Allow &nalysis to Be Cancelled

Run Mow Cancel |
] sap Analysis Monitor [._]E]E
File Mame:  D:\PLOSNI MOSACIN2 VJEZBE SAPS2_VJEZBE.sdb
Start Time:  25.3.2004 18:56:21 Elapzed Time: 00:00:03
Finish Time: 25.3.2004 18:56:24 Fun Statuz:  Done - Analysis Complete

NIMEEE. OF E ¥ i ~

HEEEEEEEEEEE

ANALTS IS COMPLETE 2004703725 18:56:24 (v

ok ]




ANALYSE - SET ANALYSIS OPTIONS

[podesavanje parametara analize]

Analysis Options

Available DOFs
W U< Uy w U2 [ R WABY [ RZ

Fazt DOFs

Space Frame  Plane Frame Plane Grid Space Tuzs

0k

m Cancel

LA P o L

¥Z Plane = Plane
Accezs Databaze File

[ Autornatically save Microsoft Access or Excel tabular file after analpsis

| [ | []

odabirom varijante XZ Plane osiguravamo prijelaz 3D sustava na 2D, sve
parametre definirane izvan ravnine program ignorira.



DISPLAY = SHOW FORCES / STRESSES = JOINTS

% SAP2000 - 2 primjer

Eile Edit ‘iew Define Draw  Select  Assign  Analyze | Display Design  Options  Help
- E‘Q g? » @ ;é} ﬁ-} ﬁ-} }E) E‘E [1 Show Undeformed Shape Fa ’ﬁ . I-
Show Load Assigns 3
T c = T
& %, Joint Reactions  {opt) Show Misc Assigns [ @ i

FF show Deformed Shape. ..
H Show Farces)Stresses Joints. ..
/4 Shaow Yirkual Work Diagram. .. FramesfCables, ..

Show Tables. .. Shift+F12

Joint Reaction Forces

Caze/Combo

Case/Combo Hame |opt

o~
=

Tupe
IV Show as Armows




DISPLAY - SHOW FORCES / STRESSES - FRAMES

5 SAP2000 - ttt

File Edit Wiew Define Draw Select Assign Analyze | Display Design

Options  Help

D &5 F 1 & » | B ® I Undsformed Shaps Féfrgr| & @ |02 )
Load Assigns (3
S sl B || B 4 oo aE. S .
<Y E S AL ETE R Mist Assigns e L Fr

B 3 Moment 3-3 Diagram {opt)

Member Force [Magram for Frames

FF Deformed Shape. ..
ﬁ ForcesjStresses »
f Virtual Wark Diagram.. .

Madel Definition Tables, ..
ﬂ Analysis Results Tables..,
Design Results Tables, ..

Al Table Types...

F&
Joints...
Frames/Cables, ..

shift+F12

Caze/Comnbo

Caze/Combo Mame

~
FY

¢ =
Campanent

(" Axial Force " Tarsion

(" Shear 2-2 O Mament 2-2

" Shear 3-3 + Moment 3-3
Scaling

o Auto

—

" Scale Factor

Options
I
W Show Yalues on Diagran

Cancel

izabrati opterecenje (pazi DEAD)

izabrati dijagram:

o Axial Force — dijagram uzduznih sila
o Shear 2-2 - dijagram poprec¢nih sila
o Moment 3-3 — momentni dijagram

-promjena mjerila: automatski ili ru¢no

izabrati tip prikaza dijagrama



DISPLAY - SHOW TABLES

[tablicni prikaz svih podataka vezanih za konstrukciju]

4 SAP2000) - 2005 test

File  Edit ‘iew Define Draw  Select  Assign  Apalyze | Display Design  Opkions  Help
D 5% & » B @ ®® 2| 1 showUndsformed shape Fd B
- Show Load Assigns
M & Deformed|Shape (DEAD) S e ey

E

FF Show Deformed Shape. ..
.’&i,% =% Show Forces/Stresses
% Showe Wirtual Work Diagram. ..

Choose Tables for, Display

Edit

=WS]MODEL DEFINITION (0 of 58 tables selected) Loze/Cares |l Del]

=[] System Data Select Load Caszes...

= [ Property Definitions 2 of 2 Selected

# O Load Definitionz -

4[] Other Definitions Apalysiz Cazes [Fesults)
#-0 Analysisz Case Definitions Select Analyzis Cazes. .
#-[0 Connechivity Data 3 of 2 Selected

#-[0 Joint Agsignments

#-00 Frame Assignments Madify/Show Dptions. ..

= [0 Options/Preferences Data

#-0 Miscellaneous Data Options
= ANALYSIS RESULTS (5 of 8 tables selected) I
=& Joint Output [ Show Unformnathed

#-E Element Dutput
=B Structure Dutput

Mamed Sets

Save Mamed Set...

Cancel
Table Formats File.. | Cument T able Formats File: Program Default

- izabrati koje podatke Zelimo u prikazu

- tekstualni ispis: File > Print Tables



Tabelarni prikaz:

Element Forces - Frames

File View Options  Faormat

Units: &3 Moted
Frame ‘ Station | DutputCase | CaseTppe P‘ V2 E] T| M2 M3
Text m Text Text KN KN KN KH-m KH-m KH-m
L » | 1 0 DEAD LinStatic 0 0 0 0 0 0
L 1 05 DEAD LinStatic 0 1.368 0 0 0 0342
| 1 1 DEAD LinStatic 1} 2,736 0 0 0 -1.3682
| 1 1} opt LinStatic 1} 100 0 0 0 -7 A05E-15
| 1 05 opt LinStatic 1} 100 0 0 0 50
| 1 1 opt LinStatic 1] 100 0 0 0 -100
L 2 0 DEAD LinStatic -1.031 £.124 0 0 0 -4.4604
| 2 05 DEAD LinStatic 1,03 -4,756 0 0 0 -1.7408
| 2 1 DEAD LinStatic 1,03 3,387 0 0 0 0,2352
| 2 15 DEAD LinStatic -1.03 2049 0 0 0 1.6468
L 2 2 DEAD LinStatic -1.031 0651 0 0 0 23144
| 2 1} opt LinStatic -75,305 8,826 0 0 0 74,0865
| 2 05 opt LinStatic -75,305 28,826 0 0 0 E4.6734
| 2 1 opt LinStatic -75,305 48 826 0 0 0 45,2603
| 2 15 opt LinStatic -75,305 68,826 0 0 0 15,8473
L 2 2 opt LinStatic -75.,305 88,826 0 0 0 -23.5658
| 3 1} DEAD LinStatic 0,268 -1.,189 0 0 0 23144
| 3 1.41421 DEAD LinStatic -3,005 1547 0 0 0 20613
| 3 282843 DEAD LinStatic 674 4,283 0 0 0 20615
L 3 1] opt LinStatic 116,058 9,561 o o 0 -23.5658
L 3 1.41421 opt LinStatic 116058 9561 0 0 0 -37.0874
| 3 282843 opt LinStatic 116,058 9561 0 0 0 -60,603
| 4 1} DEAD LinStatic -7.083 1,03 0 0 0 20615
| 4 1 DEAD LinStatic 9,825 1,03 0 0 0 -1.0308
L 4 2 DEAD LinStatic -12.561 -1.031 o o 0 0
ispis je vezan za numeriranje (label) elemenata ili ¢vorova.
Prikaz numeriranih elemenata i ¢vorova: View = Set Display Options

Display Options For, Active Window

Joints Frames/Cables/Tendons General Wiew by Colors of

IV Labels V¥ Labels Shrink Objects # Ohjects

¥ Restraints [” Sections Extrude Yiew " Sections

V¥ Springs [ Releases Fill Dbjects " Matenals

™ Local Axes ™ Local Axes Show Edges " Color Printer
r
r

¥ Invisible Frames Mot in Yiew Show Ref. Lines ™ white Background, Black Objects

™ MotinView Show E xtruded Boxes " Selected Groups

-

Solids
[T Apply to Al'Windows

Cancel




DISPLAY = SHOW FORCES / STRESSES = SHELLS

% SAP2000 - 2_VJEZBE

Filz Edit View Define Draw Select #Assion  Apalyze | Display Desion  Options  Help

B E-j ‘f 3 }@ @ 1 Show Undeformed Shape F4 E'H" e T
Show Load Assigns 3
T & AE .| g n? i v Iul =
G - R N T Show Misc Assigns N .

R

i Deformed Shape (MODAL) - Mode 1 - Peric

T show Deformed Shape... F&
ﬁ Show FarcesiStresses » Joints, ..
/ Showy Wirtual Wark Diagram. .. Frames)Cables...
Shells...

Shows Model Definition Tables. ..
ﬂ Show Analysis Results Tables... Shift+F12
Show Design Resulks Tables, ..

Show All Table Tvpes. ..

Element Force/Stress Contours for Shells

Caze/Combo

Caze/Combo Hame

T T
¢ ER—

Component Type
(v Forces  Shesszes

Camponent

M M1 W13 O M1

~ Fz2 M2z - owe3 O N2

~ F12 o M1Z 7 WM O N12
" FMax 0 MMak " NMakx
" FMIN " MMIN = NMIM
v Pyt

Contour R ange

i |0, Maw |0,

Stressz Averaging
" Mone

& atAldoints

" aover Objects & Groups

[~ Show Deformed Shape [ Show as Arows

ak. | Cancel |




DRAW SECTION CUT

%, SAP2000 - FOR IMPORT
File Edit Wiew Define | Draw Select Assion  Analyze Display Design Op

D HiE B set Select Made m | -
Ve T & | a2

Q J‘-f: Resultant M’

Draw Section Cuk, ..

Snap ko

- ako zelimo dobiti unutarnje sile u presjeku mozemo presjec¢i plocu
- PAZIL moramo biti u ravnini ploce

- dobijemo presjek zadane unutanje sile i izracunate rezultante

f(: Section Cut Stresses & Forces H@w

Section Cutting Line

b i z
Start Paint 15, |3.7004 [
End Pairt 15, |-4,0705 [

Resultant Farce Location and Angle

s N Z Angle
[15 |-0185 [3 -0,
Include W Framez [ Shels Iv Asolids | Planes [ r
Integrated Forces
Right Side Left Side
#® hd z *® hd Z
Force | .31BEE-12|  1,035E12 | 591123 | -3167EA2[  -1048E42] 591123
Moment | 26,1637 109388  A400E12 | -26,1537 | 104388 [  1.786E-12

Cloze




IMPORT .dxf

- Kreiranje dxf.-a:
o 1D elem. (line...) u AutoCAD-u SAP pridruzuje FRAMES tj. grede ili stupove
o 2D elem. (3dface..) u AutoCAD-u SAP pridruzuje SHELLS tj. ploce ili zidove

jednostavne plohe Meshiramo naredbom 3DMESH
plohu opéeg oblika Meshiramo naredbom surftab1(2)

o 3D elem. (box,...) u AutoCAD-u SAP pridruzuje SOLID tj. 3D elemente

5% SAP2000 - (Untitled)

File Help
[ Mew Model... Chrl+N
& Open.. - . . . v 1 v
= o - importirati mozemo .dxf ili ak
odmah .dwg file
Impart » SAPZ000 M3 Access Database .mdb File. ..

- pronademo i odaberemo file

SAP2000 M3 Excel Spreadsheet .xds File. ..
SAP2000 ¥8 .52k Text File..,

SAP2000 Y6 or W7 .52k File...

SAP30 Text File...

Batch File Contral...

CI5/2 STEP File ..,

AukaCAD dxf/.dwg File. ..
FrameWorks Plus File...
16ES .igs File...

Capture Enhanced Metafile

Capture Picture

Cuskom Repork \Writer, .

Show InputOutput Text Files...
1Dh,..\model spoja grde i ploce. SDE
Z DiY...\MA WIEZBAMA, SDE
30:...\2_WIEZBE.SDB

4 G, \most-Mlploca, SDB

Exit Shift-+F4

Import Data
Global Up Direction
s - IMPORT DATA
Cx oy -z - moramo uskladiti koordinatni sustav iz
AutoCAD-a sa SAP-ovim
Units KN.mC = - jedinice
Cancel |
FOXF import B=1/X] - DXF IMPORT
Asign Layers - izabiremo layere iz AutoCAD-a i unosimo u
Special Jaints NONE - SAP
Frames NONE - - najbolje je unositi layer po layer i odmah u
L Lirks NONE - SAP-u mu pridodati njegove karakteristike
Shells NONE - - Frames — unosimo grede i stupove
Soid PLOCA - Shells - unosimo ploce i zidove

STUP

omoche
oK Cancel




PRIDRUZIVANJE DEFINIRANIH PRESJEKA

‘r‘ SAP2000 - (Untitled)

il Edit Wiew Define Draw Select | Assign Analyze Disglay Design Options Help
ER I A (M1 3d w w2 v w o ar =Nl iz~

Erame/Cable » 13| Sections. .
e T @ NE~|ap Dy > B ==
ke 2 il Frame Property ModFiers. .

5 3D View Material Property Overwrites...
% = ReleasesiPartial Fixity. ..
E Local Axes..,

Frame Loads 3 Reverse Connectivity. .
i End (Length) Offsets...
Insertion Point.

12 output Stations...

Prestress...

“h Assian to Group. .. P-Delta Farce...

Clear Display of Assigns

Copy Assigns Tension/Compression Limits. .
Hinges...

> Line Springs.

2 Line Mass...
Material Temperatures. ..

Automatic Frame Subdivide.

Frame Properties

Properties Chooss Froperty Type for Add

g (i eyt Inpatt [Pwide Flange =
Pom
FOM ] Add |Aide Flange -

UE
Click to.

Madify/Show Property...
Dielete Property

Cancel

- ako smo Imortirali .dxf presjeci su automatski odabrani i samo trebamo pridruziti
presjeke

- Assign = Frame - Section

- program odmah ispisuje sve definirane presjeke u cijelom modelu

- ako smo izasli iz naredbe 1 moramo ponovno definirati MORAMO prvo izabrati
presjeke rucno i onda ponoviti naredbu

NA SLICAN NACIN PRIDRUZUJEMO I SVE DRUGE KARAKTERISTIKE




FRAME INSERTION POINT (TOCKA SPAJANJA)

5 SAP2000 - ploce sa gredama

Eile Edit Wiew Define Draw Select | Assign  Apalyze Display Design  Options  Help

0 & niﬁhﬂ J § |IIWI 3d W omz w2 el
Frame/Cable » I8 sections...
TN e e

Frame Property Modifiers. ..

[% ‘:‘ﬁf; Frame Insertion Points Material Property Overwrites. ..
—!&— ii=l ReleasesiPartial Fixity. ..
€ Local Axes...
2 Frame Loads » Reverse Conneckivity...

F=i End {Length) Offsets...
Insertion Point. ..

ﬁ Cutput Stations. ..

Prestress. ..

Z: Assign o Group,.. P-Delka Foree. ..

Clear Display of Assigns

Tension/Compression Limits. ..

Copy Assigns

Hinges. ..

242 |inge Springs. .

2 Line Mass...
Material Temperatures. ..

Automatic Frame Subdivide. ..

- ako ne zelimo da, npr. greda i ploca, leZe u istoj ravnini onda mozemo izabrati to¢ku
spajanja.

- znaci pomi¢emo gredu iz njenog defaultnog polozaja (os grede i ploce se poklapa) i
pomicemo je u izabrani

- CARDINAL POINT : na popre¢nom presjeku grede moZemo izabrati bilo koju
karakteristi¢nu tocku.

Frame Insertion Point

Cardinal Paint

|8 [Top Center] ﬂ

[~ Miror about Local 2

Frame Joint Offsets to Cardinal Point

Coard Spstem | Local -

End-

[v Do not transform frame stiffness for
offsets fram centroid

Rezet Defauls

Cancel |




REPLICATE

- najprije izabrati elemente koje zelimo kopirati

5% SAP2000 - rampa za vjezbe

Fle |Edt Miew Define Draw Select Assion Ansbze Dispy Design Options Help

C PRAL M w e ow o Gar 2E %, |0 . e mex ¥
IQ% . JBEd FE WL, niltelad, T IR
cut ki
& | B2 copy ctri+C
¥ Delete Delete
° add to Model From Template. crleT
~ Interactive Database Editing. .
A Add Grid at Selected Paints. ..
11 Replicate. .. Chrl+R.
Extrude »
Mave. kb
&

T Merge Joints...
IE. aign Points...

ol | [T mesh areas

Disronnect
Connect
Show Duplicates

d Merge Duplicates. ..
4

I Change Labels...

4

- varijante: Linearno (zadajemo udaljenost / koliko puta)

Radijalno (kopiranje + rotiranj oko osi)
Mirror (simetrija oko neke ranvne — PAZITI na osi poslije mirrora)

- Replicate Options: mozemo izabrati koje parametre Zelimo kopirati

Replicate

{les | Radel | Minor

Increments Replicate Optiong

dx o, Modify/S how Replicate Options...
dy lﬂi T of ¥ active boxes are selected
dz 0, [~ Delete Original Objects

Increment D ata

MNurnber |1

aF. | Cancel




DEFINIRANJE KUPOLE

- prilikom kreitranja Novog model (New model) program nudi:

:New Model

New Model Initialization

£+ { Initialize Model from Defaults with Units KM, m.C =

" Initislize Model fram an Existing File

Select Template - ved pr lpreml.] cnu
jednostavnu varijantu za
JAVA%AN , @ @ / definiranje kupole
Grid Only Sloped Truss  Poital Frame F'T:r'\;n;::r Barrel Shel Ywdall /
@ @ : - veé pripremljenu ali
el detaljnije razradenu
Mothing Vertical Truss BFrraaCnfed 30 Frame Cylinder Flat Slab / Val’i 'I antu

—| & HH | &) |2

Beam 30 Trusz Eccentric Bridge [iome More...
Frame [BALG]

£

Jednostavnija varijanta:

Mumber of Circumferential Spaces
MHumber of Segmentz

Radius

Iv Restraints

v Gridlines

Roll Down Angle

- zadajemo osnovne podatke vezane za kupolu:
o broj segmenata po radijusu kupole
o broj segmenata po visini kupole
o radijus

o kut kojim odredujemo strelicu kupole



Razradenija varijanta:

SAP lemplate Structures

Plane Frames

Plane Trusses

Shells Storage Structures Transmission Towers

Solid Models

Box Girder Bridges Pipes And Plates

SAP Template Structures

Multi-bay Cylindrical Shells Cylindrical Shell

Next >

Spherical Dome

Partial Sphere

- biramo tip konstrukcije

uEneran 1empae CUOnen - JPnercan e

- odabiremo tip kupole

JORll s JUIPE

¥ Automnatically Refresh Yiew

Parametric: Diagram | |

Dimensions

Parameters and Options

Mesh Type

{+ Shell

(" Frame

" Shell and Frame

I” Triangulate Frames

Divisions, m
Parameter ‘ Dimension 10
Divisions, n
1 | Diameter, D 40 %
2 |Height, H 20
3 |
L Iv Assign Restraints
5

Ingertion Paint |

Jv Include Grid Lines

o]

- zadajemo podatke vezane za kupolu:

o broj segmenata po radijusu kupole

o broj segmenata po visini kupole

o radijus

o visinu kupole

o tip elemenata od kojih je kupola sastavljena

Cancel |

Hyperbolic Paraboloid

Parabolic Dome




DODATNO

e PROMJENA POGLEDA — RADNE RAVNINE

e prilikom odabira tocaka za definiranje lezajeva moZemo se prebaciti u ravninu u
kojoj nam je 'zgodnije' izvesti naredbu

e moramo zadati visinsku koordinatu

. SAP2000 - model speja grde i ploce
File Edit | view Define Draw Select Assign Analyze Display [

0= Set 30 View. .. shift+Fa | B @ @ @ ¢

Set 2D View. .. Chrl+Shift+F1
Ie T

Tt
B [25%  setlimis...
Set Display Options. .. Chrl+E

-4

,@ Rubber Band Zoom Fz
,@ Restore Full Yiew F3
ﬁ') Previous Zoom

B zoom In Ore Step shift+Fg
2 zoom out ore Step Shift+Fa

] pan Fa

]

s s

Show Grid 3
W show Axes

] Show Selection Only

"EOA4

Invert Wiew Selection

Remave Selection fram View

Restare Previous Selection
al show gl

K’ Refresh Windaow ChrlH
Refresh Yisw F11

Create OpenGl Yiew. ..

BRISANJE ELEMENATA

Set 2D View

Flane
 ¥Z plane

" ®Z plane

@ XY plane

View Direction
" Front Face (" Back Face

Ok

T SAP2000 - model spoja grde i ploce

File Edit Wiew Defne Draw | Select Assion Apalyze Display Design Oy

[ | % 3D View

D H Select »  Pointer/Window
Deselect » B8 Irtersecting Line
ke T 2 | er ! ’
Invert Selection 30 Box

i(_ff ¥ Plane
i‘f 22 Plane
fﬁ *fZ Plane

psk‘ Get Previous Selection

o Clear Selection

Broups...

Labels. ..
alf® &l

DIk’ Frame/Cable Sections. ..
D.:.k’ Area Sections. .,
Egk’ Solid Properties...
5 Link Properties. .
Joint Constraints. ..

Chrl+A

ako Zelimo izbrisati neke elemente
dovoljno ih je odabrati miSem ili nekom od
naredbi Select Menua i stisnuti tipku DEL

ako Zelimo izbrisati pomocne linije
izaberemo ih pomoc¢u naredbe SELECT -
Select = Frame Section - POM

DEL




OBABIR ELEMENATA

SAP2000 - model spoja grde 1 ploce

File Edit View Define Draw | Select Assign Analyze Display Design Opfions Help

(B = R Select »  Pointer/Window
Deselect » B8 Intersecting Line
e B 2 N e nd ! )
Inwert Selection 30 Box

i(_ff ¥ Plane
H‘f 22 Plane
%ﬁ ¥Z Plane

Groups...

Tl "
[ i 3-D View pd Get Previous Selection

clf* Claar Selection

':‘1[:s FramejCable Sections...
D.:.Q Area Sections..,
Egk’ Solid Properties. ..
% Link Properties. .
Joink Constraints...

Labels. ..

alf® al Chrlea

ako Zelimo izbrisati neke elemente dovoljno
izaberemo ih pomocu naredbe SELECT

INFORMACIJE O ELEMENTIMA KONSTRUKCIJE

desnim klikom miSa na bilo koji element konstrukcije dobijemo sve informacije vezane za

njega

PRIKAZ NA EKRANU

3% SAP2000 - primjer2MS

File Edit | Yiew Define Draw Select  Assign
D D”‘ Set 30 View. .. Shift+F3
S8 D o, ChrbShift+FL Display Options For Active Window
E— Jaints Frames/Cables
Q Set E:ml |SI”O . P ™ Labels ™ Labels
[+
_.K SR P i |¥  Restraints ™ Sections
. JB Rrubber Band Zoom F2 I~ Springs I~ Releases
@ Restare Full View F3 ™ Local Aves " Local Axes
B Previous Zoom ¥ Irwvisible ™ Mot inView
S Zzoom In One Step Shift+Fg ™ MatinView
5 ZoomoutOne Step Shift+Fo View by Colars of
E'E Fan Fa &+ Objects " Sections
U Show Grid o " Selected Groups
.&' Shiow Axes
Bl [ Apply to All'Windows
!Il Invert Yiew Selection
all®
Hl Show Al
{’ Refresh Wwindow Chrl+iw
&% Refresh view F11
4 Creake OpenGL Yiew. ..

- kvacicama biramo Sto Zelimo vidjeti na ekranu

Areag Solids
r r
r r
r r
r r
" Materials ™ Color Printer

Ok

Lirks General
r~ ™ Shrink Objects
r [~ Shade Objects
r~ [~ Fill Objects
r v Show Edges

Iv Show Ref. Lines

" ‘white Background, Black Objects



Options
View

Options

> Windows

9

9

Show Axes

Colors

Dizplay

Faints

Frames
Cables

Tendons

Springs/MLLinks
Restraints
Releases
Axes
Text
Shadow Lines
Guide Lines

l

Olutput

(prikaz globalnih osi)

l

Area Fil Face 5
Area Fil Face B
AreaEdge

Solid Fil/Face 1
Solid Face 2
Solid Face 3
Solid Face 4
Solid Face §
Solid Face B

Solid Edge

Background

(sredivanje boja u prikazu)

hssion Colors

(broj otvorenih prozora u programu)

Darkness
I
Transparency
Line: hd
Area hd
Salid hd

Device Type

+ Screen
" Printer
" Color Printer

Reset Defaults

[v Use Color Printer [Graphics]

T

Cancel




Primjeri

U nastavku su izdvojeni karakteristicni primjeri "manuala" zadataka koji se rjeSavaju na
vjezbama. Ostali zadaci su sljede¢im linkovima:

http://www.grad.hr/nastava/nmk/MODELIRANJE/KONSTRUKTIVNE VJEZBE.htm

http://www.grad.hr/plosni/



http://www.grad.hr/nastava/nmk/MODELIRANJE/KONSTRUKTIVNE_VJEZBE.htm
http://www.grad.hr/plosni/

PRIMJER 1 (pocetak modeliranja)
[F sap2000 - (Untitied) BEX|

Fle Edt Wsw Define Draw Select Assign  Anslyze  Display Design  Options  Help

D HiE - 12 » PR E2EL T 3dy e v G 5 & ST - -0
G |30 View - o&d| =

- promjeniti mjerne jedinice [kNm] LINK
- NEW MODEL LINK - krec¢emo sa potpuno novim modelom
- BEAM LINK - Number of spans(broj raspona) = 1;

Span Length(duljina nosaca = po volji)

DEFINE - LOAD CASES LINK > definiramo bilo koje opt.
- DEFINIRANJE LINIJSKOG OPTERECENJA LINK > po cijeloj gredi
- ANALYSE - RUN ANALYSE - RUN NOW LINK 2>
- DISPLAY - SHOW FORCES-> FRAMES LINK > prikaz rezultata

UNLOCK (ako zelimo poslije proracuna ponovno editirati model)

AN

[ SAP2000 - 1 primjer ™\
File Edt ‘Wiew Define Draw  Select  Assign  Apalyze  Display Design  Options  Help

D His 7 r B ® e®e | M I ow ow oyz o & g

B | % 3-D View

ASSIGN = FRAME / CABLE - OUTPUT STATION LINK -

definiramo diskretizaciju elementa = variramo 2, 3, 4, 5 (testiramo)

ANALIZA REZULTATA




PRIMJER 2 (pajanta)

- promjeniti mjerne jedinice [kNm] LINK
- NEW MODEL LINK - krec¢emo sa potpuno novim modelom
- GRID LINK > linina 5x1x3, razmaci:1x1%2

- DEFINE FRAME SECTIONS LINK - GREDE Add ;celik
- DEFINE FRAME SECTIONS LINK - ZATEGA Import; celik

- DRAW FRAME LINK = nacrtamo dvije GREDE u obliku krova(Continuous) 'pikajuci'
¢vorove grida

- DRAW FRAME LINK = nacrtamo ZATEGU (Pinned)
- ASSIGN JOINT RESTRAINS LINK > definiramoRubne Uvjete — Lezajeve

(nepomicne lezajeve)

- ASSIGN RELEASES LINK => definiramo zglob izmedu dvije GREDE (M33)

DEFINE - LOAD CASES LINK = definiramo bilo koje opt.
- DEFINIRANJE LINIJSKOG OPTERECENJA LINK > po gredama 10 kN/m'

- ANALYSE = RUN ANALYSE = RUN NOW LINK =
- DISPLAY - SHOW FORCES/STRESSES = JOINTS  LINK -> prikaz reakcija
- DISPLAY = SHOW FORCES / STRESSES-> FRAMES LINK - prikaz momenata

UNLOCK

- ASSIGN JOINT RESTRAINS LINK —> promjenaRubnih Uvjeta — zadajemo klizni lezaj



PRIMJER (modeliranje spoja stupa i ploce)

- IMPORT .dxf LINK -> predhodno definirani model importiramo u SAP

(odabiremo samo jedan layer)

- DEFINE FRAME SECTIONS LINK > STUP 60/60cm; beton
POMOCNA 1/Icm; Celik

- DEFINE AREA SECTIONS LINK - PLOCA D=20cm ; beton

- IMPORT .dxf LINK = unesemo layer POMOCNE linije i pridruzimo presjek POM
unesemo layer PLOCE i pridruzimo Area Section PLOCA

- PRIDRUZIVANJE DEF. PRESJEKA LINK-> ako smo nesto propustili ili krivo
definirali, mozemo ponovno definirati
- DRAW = QUAD  LINK = nacrtamo plocu (d=20cm) pomocu pomocnih linija
- MESH LINK > izmeshiramo ploce = 12x12 elemenata
(moramo prvo izabrati ploce)
- ASSIGN JOINT RESTRAINS LINK = definiramoRubne Uvjete — Lezajeve

Uvjete simetrije na svim rubnim
4 nepomicna lezaja na '¢oskovima’
Upeti lezaj na dnu stupa

DEFINIRANJE CONSTRAINTA LINK = definiramo posebne odnose izmedu

pojedinih ¢vorova u modelu, master-slave

(zelimo povezati ¢vorove ploce tako da simuliramo poprecni presjek stupa u s time izbjegnemo koncetraciju
naprezanja na spoju stupa i ploce)

DEFINE - LOAD CASES LINK > definiramo bilo koje opt.
- DEFINIRANJE POVRSINSKOG OPTERECENJA  LINK = po cijeloj ploci
- ANALYSE = RUN ANALYSE - RUN NOW LINK >
- DISPLAY = SHOW FORCES / STRESSES LINK - prikaz rezultata

- DRAW SECTION CUT LINK = ako Zelimo prikaz U.S. u nekom presjeku



PRIMJER (modeliranje ploce sa gredama)

b=
o

- promjeniti mjerne jedinice [KNm]
- NEW MODEL LINK - krec¢emo sa potpuno novim modelom
- GRID LINK > linina 3%3 %3, razmaci:9x9x3

- DEFINE FRAME SECTIONS  LINK = GREDA 25/50cm; beton
- DEFINE AREA SECTIONS LINK - PLOCA d=25cm ; beton

- DRAW > QUAD  LINK = nacrtamo plocu (d=25cm) pomocu grida —
4 odvojene ploce u '¢oskovima'
- MESH LINK = izmeshiramo ploce —9x9 elemenata (moramo prvo izabrati ploce)
- DRAW FRAME LINK > nacrtamo po dvije grede u svakom smjeru na 1/3 raspona
- FRAME INSERTION POINT LINK = pomaknemo gredu van ravnine ploce tako da je

greda spojena sa plocom u Top-Center tocki(na gornjoj plohi grede u sredini presjeka
PAZI:  iskljuci opciju: Do not tranform frame stiffness for offset centroid
- ASSIGN JOINT RESTRAINS LINK > definiramoRubne Uvjete — Lezajeve

Uvjete simetrije na svim rubnim
4 nepomicna lezaja na '¢oskovima'

DEFINE - LOAD CASES LINK —> definiramo bilo koje opt.
- DEFINIRANJE POVRSINSKOG OPT. LINK > po cijeloj ploci 10 kN/m*

- ANALYSE = RUN ANALYSE - RUN NOW LINK =
- DISPLAY = SHOW FORCES /STRESSES LINK -> prikaz rezultata
- DRAW SECTION CUT  LINK = ako zelimo prikaz U.S. u nekom presjeku



PRIMJER  (modeliranje rampe)

- IMPORT .dxf LINK > predhodno definirani model importiramo u SAP

(odabiremo layer rampa)
- DEFINE AREA SECTIONS LINK 2> PLOCA - SHELL D=20cm ; beton
PLOCA — MEMBRANE D=20cm ; beton
PLOCA — PLATE D=20cm ; beton

- PRIDRUZIVANJE DEF. PRESJEKA  LINK- ako smo nesto propustili ili krivo
definirali, mozZemo ponovno definirati
- ASSIGN JOINT RESTRAINS LINK = definiramoRubne Uvjete — Lezajeve

nepomicne lezajeve na krajevima ploce
suprotno od rampe i na dnu rampe

DEFINE - LOAD CASES LINK —> definiramo bilo koje opt.

- DEFINIRANJE POVRSINSKOG OPTERECENJA  LINK - 10 kN/m2
(ploca i rampa)
- REPLICATE LINK -> definiramo udaljenosti  dy=15, n=2

- PRIDRUZIVANJE DEF. PRESJEKA  LINK-> drugoj rampi = Membrane

trecoj rampi 2 Plate

- ANALYSE - RUN ANALYSE - RUN NOW LINK -

- DISPLAY = SHOW FORCES /STRESSES LINK -> prikaz rezultata



PRIMJER (modeliranje kupole)

- NEW MODEL LINK - krecemo sa potpuno novim modelom

- DEFINIRANJE KUPOLE LINK - definirati kupolu sastavljnu od frameovea
R=40m, H=20m;

- DEFINE FRAME SECTIONS LINK - GREDA 50/200cm; beton

- PRIDRUZIVANJE DEF. PRESJEKA LINK-> def. grede pridruzimo kupoli

- ASSIGN JOINT RESTRAINS LINK = pravilno definirati leZajeve

(jedan x+y+z, jedan y+z, ostali z)

- ANALYSE - RUN ANALYSE - RUN NOW LINK =
- DISPLAY = SHOW FORCES /STRESSES LINK -> prikaz rezultata
- DODATNO:
- DEFINIRANJE KUPOLE LINK = definirati kupolu sastavljnu od shellova

- DEFINE AREA SECTIONS LINK - PLOCA - SHELL D=14cm ; beton
- DEFINE FRAME SECTIONS  LINK - PRSTEN 50/200cm; beton

(zadati vlacni i tlacni prsten)

usporeba reziltata, radijalne i merdijalne sile




PRIMJER (slozenica)

- IMPORT .dxf LINK = predhodno definirani model importiramo u SAP

- DEFINE FRAME SECTIONS LINK - VJESALJKE d=15cm; Celik

- DEFINE AREA SECTIONS LINK = SLOZRNICA D=I4cm ; beton
GREDA D=30cm ; beton
DIJAFRAGMA — D=30cm ; beton

- PRIDRUZIVANJE DEF. PRESJEKA  LINK-> importiranim elem. pridruzimo presjeke

kontrola lokalnih osi

- ASSIGN JOINT RESTRAINS LINK = pravilno definirati leZajeve

DEFINE - LOAD CASES LINK = definiramo bilo koje opt.
- DEFINIRANJE POVRSINSKOG OPTERECENJA  LINK = 10 kKN/m? na slozenici

- ANALYSE - RUN ANALYSE - RUN NOW LINK =

- DISPLAY > SHOW FORCES / STRESSES LINK > prikaz rezultata



PRIMJER (piloti + temeljno tlo)

IMPORT .dxf LINK -> predhodno definirani model importiramo u SAP

SOLID  [boxili bilo koji 3D element] — tlo;
AREA  [2D face] —ploca;,
FRAME [line] —piloti

DEFINE FRAME SECTIONS  LINK = PILOTI d=20cm;beton
DEFINE AREA SECTIONS LINK - PLOCA D=20cm ; beton

DEFINE SOLID PROPERTIES LINK = TLO D=20cm ; beton

ASSIGN JOINT RESTRAINS LINK - uvjeti simetrije + z nadnu
MESH LINK = izmeshiramo plocu —10x10 elemenata

DEFINE - LOAD CASES LINK —> definiramo bilo koje opt.
DEFINIRANJE POVRSINSKOG OPTERECENJA  LINK - 10 kN/m? na ploci

ANALYSE = RUN ANALYSE = RUN NOW LINK =

DISPLAY = SHOW FORCES / STRESSES LINK - prikaz rezultata

SOLID LINK = pomocu naredbi Extrude i Convert mozemo pretvoriti 2D
elemete u 3D



