CALCUL FUNDATIE
UTILIZAND PROGRAMUL

SAP2000

Fundatii
Izolate




Etapele proiectarii fundatiei utilizand programul SAP.

> Discretizarea fundatiei

Se va imparti fundatia, in prima etapa, in “fasii” pentru a putea defini sistemul de axe. Se
recomanda ca zona de discretizare sa delimiteze suprafata stalpului. Amprenta stélpului va fi definita DESCRIERE
ca zona rigida (Plate), indeformabila. Dimensiunea fasiilor sa fie multiplu sau apropiat de B/6, ETAPE
recomandare pentru modelarea neliniara a terenului.
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p
134/ Define Grid System Data

Edit Format

IR

Units

System Name [GLOBAL

X Gid Data

[KN. m,C |

1 0.75 Prirary
0.225 Prirnary
0225 Frirnary
075 Prirnary

2
3
1
5 1] Prirary

Show
Show
Shiow
Show
Shaow

End
End
End
End
End

GidID | Spacing | Line Type | Wisiblity | Bubble Loc | Bubble Loc. &

-

0.75 Prirary
015 Prirnary
015 Frirnary
075 Prirnary

1] Prirary

on

a

Show
Show
Shiow
Show
Shaow

Start
Start
Start
Start
Start

GidID | Spacing | Line Type | Wisiblity | Bubble Loc | Bubble Loc. &

GidID | Spacng | LineTyps | Wisihiity | Bubble Loc

21 1] Prirary

o1
0 [~ | T || || P = o
=]
o

S-a propus o discretizare de 15x15 cm, zonele hasurate sunt

Show

End

Grid Lines

Quick. Start...

Dizplay Grids as

I~ Hide Al Grid Lines
[ Glue ta Grd Lines

Bubble Size  |0.125

Fieset to Default Color

oK Cancel

ariile aferente nodurilor. Programul, utilizdnd shell-uri, va da reactiunile in
nodurile shell-urilor, astfel pentru a determina presiunile pe teren se va
imparti rezultanta la aria aferenta nodului.
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> Model structural shell-thick

_ Shell Section Data
Area Sections

Sections Select Section Type Tao Add — Toads
ection Hame alpa-
Mone Shell =
Em_ | E J Section Maotez Modify/Show...
Click te: Display Colar .
Add Mew Section... | T

ype

Add Copy of Section... | " Shell - Thin

Madiy/Show Section.._| 2 il s
" Plate - Thin

Delete Section | £ Plate Thick
" Membrane
ak " Shell - Layered/Morlinear
Cancel |
I aterial
Material Name Ii| C16/20 - |
Material Angle 0.
Thickness

Membrane 0.45
Bending 0.45

Concrete Shell Section Design Parameters

Modify/Show Shell Design Parameters... |

Stiffness Modifiers
Set Modfiers... | |

oK | Catcel |

Notiunea de shell, in mod general, este utilizata pentru un
corp marginit de doua suprafete curbe, daca distanta dintre suprafete
(grosimea corpului) este mica in comparatie cu altd dimensiune a

n 1 h 1 q - o n
acestuia ( 1000 =R = 5) . Shell-urile utilizate in model fac parte din
cele la care R=0, nu au raza de curbura, fetele sunt plane. Calculul se
limiteaza la suprafata mediana a corpului, nu sunt elemente de volum.

Shell-ul este caracterizat de 4 puncte (coordonatele colturilor) si cele
doua fete sus-jos (top-bottom).
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» Constrangeri la noduri:

Zona de incastrare a stalpului se comporta rigid, astfel punctele shell-
urilor din dreptul stélpului vor avea constrangere de tip plate.
Cosntrangerea se defineste astfel: selectie puncte (pe conturul stalpului
si in interior) — assign —joint — Constraints

Assign/Define Constraints {
Congtraints Chooze Constraint Type to Add | I‘
Plate Constraint
MLILL [Plate |
Click, to:
Constraint Name  |Stalp-30x4F
I Add MNew Canstraint... I
| Coordinate System GLEIBAL - I
Constraint Axiz
W Az f*  Auko
)4 | Cancel J
Y Auig
- | 2 bz
- Object Model - Po;n:l\nfonnaﬁo_
Location Agsignments ] Loads ]
Identification 0K | Cancel |

Label 14

Punctele care au constangere
Tefian vor fi verzi. Se va da click

@ @ @ Masees Nors dreapta pe un punct si vor
apérea caracteristicile punctului,
e e e e astfel se poate vedea daca
erge M acesta are sau nu constrangere.

Double click white backagraund cell to edit iterm.

2000 v14.2.

Edit View Define Bridge Draw Select

PHS oo /&

Assign || Analyze Display Design  Options Tools Help

r2 8

& X-Y Plane @ 720225

| Joint ‘ D‘ Wi Restraints.. [
Frame b‘ |§onstraimsm |
3 %w Springs...
3 2 Masses...
Mrea 3 Local Axes...
3 ‘E’ Panel Zones...
3 Merge Number...
Joint Loads 3
Frame Loads 3
3
3
Area Loads 3
3
»

4

Joint Patterns...

Assign to Group...

Clear Display of Assigns

Copy Assigns

RE




» Definirea incarcarilor

Se vor aplica incarcari in centrul de greutate a stalpului (nodul central). Tipul de incarcare fiind incarcare in noduri, se
vor aplica perechi de forte (N,M,,) sau (N,M,,,M,,).
Selectie nod (punct)— assign —Joint Loads —Forces.
Se aplica direct incarcarile de la nivelul fundatiei (N;, M;). Sau se pot aplica doar incarcarile de la stélp, iar cele date de placa si teren
se distribuie uniform pe talpa. (N;, M;)= (-402,397kN; 197,5kNm), axa Z pozitiv orientata in sus. Pentru moment se aplica regula
mainii drepte, degetul mare orientat catre vectorul moment, iar axa Z “inteapa” palma, zona ce se comprima va fi data de directia

degetelor. .. .
> Solicitare oblica
Load Patterm Mame Unitz
ﬂlGS-X |KN, mC Load ﬁTm Mame J Ulnits J
+ ||GSy - KM, m. C hd
Loadz Coordinate System =
Loads Coordinate Systen
Farce Global x
|GLOBAL Force Global % o ETEm =
Force Global v .
— Optians Farce Global v 0
w (" Add to Existing Loads Farce Global 2 ’W SRR

(" Addto Existing Loads

toment about Global 0. {* Replace Existing Loads

tament about Global ¥ 50.54 {+ Feplace Existing Loads
(" Delete Existing Loads .
| Moment ahout Global v i|1 97.q | g Moment sbout Global ¥ 19755 " Delete Existing Loads
toment about Global 2 |U. ’7
Cancel Moment about Global 2 0. ’TI Cancel

iy
@2.40




> Definirea resorturilor elastice (spring-uri)

Se va defini rigiditatea elastica la compresiune a resortului astfel
ks = 1Im X k, = 8000kPa (%), kp, - coeficientul de pat

Selectie talpa — assign — areea — areea springs

UUVIS.LL AQ

Tools Help
= R o B o L

=] | 5 3-D view

Sections...

Area Stiffness Modifiers...

Area Material Property Overwrites...
Area Thickness Overwrites (Shells)...
Local Axes...

Reversze Local 3...

Area Springs... I

it View Define Bridge Draw Select | Assign | Analyze Display Design Options
H@ﬂ“ﬁﬁ'ﬁl@, Joint 3
Joint Constraints (Stalp-30:45) (£ '
3
3
=1 I
v
3
Joint Loads 3
Frame Loads 3 <-3€
3
¢ »'
Area Loads v| 22

Joint Patterns...

“4 Assign to Group...

Clear Display of Assigns

Copy Assigns

&p  Area Mass...

Material Temperatures...

Automatic Area Mesh...

Generate Edge Constraints...

- _*—"
oy o e S
Spring Type
I | I

I |E0mpression Only ﬂl

c |

{* Simple
Spring Stiffness per Unit Area

Simple Spring Fesists

Spring Location

Area Object Face

Spring Tenzsion Direction

™ Parallel to Area Object Local dwis

f* Momal To Specified Area Object Face

i User Specified Direction Yector

Coordinate System
Global < Component
Global % Component

Global £ Component

Link Local 2-&siz Angle From Default Origntation

Ophions
™ Add to Existing 5 prings
{* Replace Existing Springs

" Delete Existing 5 prings

Cancel



> Analiza si calcul

Ca resorturile sa lucreze numai la compresiune (sa existe desprindere de pe teren), iar cele comprimate sa preia
aceasta desprindere se va defini un caz de incarcare neliniara, comportarea histeretica a resortului este prezentata mai sus. Pentru a

defini un caz de incarcare neliniara, vezi (

).

Define Load Cases - v v
1 I In mod asemanator se va
ot et e defini un caz de incarcare neliniara si
oad Case Name nad Caze Type Add Mew Load Case... | ’
H:E::gtzﬂg Add Copy of Load Case... | pentru GS-XY'
TR Incarcarile de timp neliniar s-au numit GS-

Analysis Options

" Continue from State at End of Monlinear Case J If: Manlinear I Load Application Control
| Impartant Mote:  Loads from this previous case are included in the £ Nonliner Staged Constr & Full Load Available DOFs
cument case

A (" Dizplacement Control

[ U< [T W v UZ ¥ R | RY [~ RZ

Load Case Data - Monlinear Static - H
— 15i GS 2.
———— e p— - Analiza se va face in planul X-Y,
GS5-1 Set Def Mame | Madity/Shaw... | | |Static jIDeswgn... | .
Iritial Conditions Analysis Type - = _‘ - = ; Analyze_) Set Optlons
(+ Zero Initial Conditions - Start from Unstressed State " Linear i Appllcatlon_Control for Nl e

Geometric Monlinearity Paramel

. Fast DOFs
Al todal Loads &pplied Lse Modes from Case v Mone
— ' Space Frame  Plane Frame Plane Grid Space Truss
=4 " " P-Dela
Loads Applied T —— ~
-Delta pluzs Large Displace
Load Type Load Mame Scale Factor ; BRREs
Load to a Monitored Displacement Magnitude of
Manitored Displacement #Z Plane A1 Plane

Cancel
Solver Options...

[ s |

['atabaze Tables Mamed Set

W adify v DOF 13 - atdaint | |31 Tabular File
~ | J [T Automatically save Microsoft Access or Excel tabular file after analysis
Delete |File hame
'Tl Carnicel |

Other Parameters

| =]

Load Application | Full Laad [ Modip/Show...

Results Saved | Final State Orily Modifp/Show....

Nonlinear Parameters Default Modify/Sho...

Se va da save si run (F5).


http://www.encipedia.org/files/2014/08/definirea_analizei_static_neliniar____pushover_.pdf
http://www.encipedia.org/files/2014/08/definirea_analizei_static_neliniar____pushover_.pdf
http://www.encipedia.org/files/2014/08/definirea_analizei_static_neliniar____pushover_.pdf

> Rezultate

r bultivalued O ption:

Caze/Combo

' Envelope [Fange)

{* Step

¥

R

Pentru a determina presiunea maxima si zona activa pentru cele

nd ;I'

ﬁ.

Frames/Cables...

Shells...

imWa

/IIO

doua stari de eforturi se va urma:

“4

L%&-h

GS-1- cu zona activa, spring-urile nu lucreaza la intindere

GS-X- fara zona activa, spring-urile lucreaza la intindere




GS-2- cu zona activa, spring-urile nu lucreaza la intindere
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QF

137,5
GS-1 - 2,72 =70,5%, Prye,=305.42kPa
| |
Y .
58 5
E
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X
Y 18
1%
1 R ]
‘ i w me

GS-2, S,7222" — 73 50% > 50%, p,,,,=374.50kPa

a 351mp

1.4p,=413kPa
P,=579.5kPa

Tasare: 4.68cm < 8cm



cenusie, plastic = = : 14 | 12700 | 17780 . . . .
dressi | Fa 5 05 2 86 T 28 | ® eo7 | Tasarea obtinuta folosid fisierul de excel
Iy oars 2B g9 B t9as | w0 =wer—  pentru o fundatie echivalenta la care aria
610 | 585625 sl | 4315 || este egala cu aria zonei active.
Ks .
Vows O03) | D) | potFa) | B | P b (efectiv)| 05ks | 2ks Rezultatele sunt comparabile. Pentru
d d 'd
T (kN/m) H il i
18 1.15 129493 | 586.95 | 180.95|| 374.00 | 0.40 8475 | 4238 | 16950 d?termlnarea fundatl_el eC.hljlalgnte Seva
pastra L=1,70m(zona activa) si B va
[ ‘*‘;j;"“’_ rezulta astfel incat aria fundatiei s fie
LR L1112 | egala cu aria zonei active.
ps(kPa) | 36572 2584
B 0.8

GS-1- momente si forta taietoare pe unitate de lungime

Vi KN/m

e % 0 5. 72 o

40. 48 56. G4. 72 80.



{3 SAP2000 v14.2.2 Advanced - Calcul F2 - [ Resultant M11 Diagram (GS-!

%, FEile Edit Miew Define Select  Assign Display Design QOptions Tools Help

Bridge Draw Analyze

Momentul de calcul si forta taietoare se determina prin

o0 . . . . D M oo J’@,@@@,@,@@3-dwxzyznu@6’€ 4 & | @4 mbrit-d T - @
definirea unei lungimi de integrare ( section cut) &
. v
Momentul de calcul 67kNm, iar forta taietoare la fata o =
A . . % A
stalpului 155kN. La distanta fata de stalp d=39,4cm ,
V=96.5kN '
Section Cut Stress
I S ection Eutlina Line I
Start Paint [1.20 ] [0z28
End Faint {120 jo30 [0z2z5 .
I Resultant Force Location and Angle I
e nale ota 1]
|20 [090 [0zz5 o
Section Cutting Line g Include ¥ Frames [ Shells ¥ Asolids | Planes [ ¥ Links
I i Z 3‘ Integrated Forces
Start Point [1.20 %3 [nz2z8 g Right Side Left Side
End Paint [1.z0 [0356 [0225 4 . g 2 Z g 2 Z
orce | [ [ 1558188 | i} [i] -155.8188
Resultant Force Location and Angle | Moment [ -34.2882 -B7.0556 | | 34 2352@ 0
" N z Angle [<to 1] Save Cut Save Cut
[1.20 [035 [0225 [0 I
Cloze
Include [v Frames [ Shellz v Asolids  [v Planes [~ [v Links
Integrated Forces
Right Side Left Side
1 2 Z 1 2 Z
Force | | | 96505 | | | 95505 |
Moment [ 27437 | 455956 | T | 77437 AGEGEE| 0. I
Save Cut Save Cut
Cloge | Fefiesh
eI 2 %, . 0. 7 o % 108

MIM=-17.418, MAX=148.582, Right Click an any Area Element for detalled diagram




[3¢] sAP2000 v14.2.2 Advanced - Calqnﬂﬂmnt M1ibisgam SOl

j"{: File Edit View Define Bridge] Draw | Select Assign Anpalyze Display Design Options Tools

Definire Section Cut: Draw— Draw Section Cut D@ B% oo ) @ B s poceles

Observatii legate de constrangeri

g — L soa L
- = 4R b

Se vor folosi constrangeri de tip plate doar pentru gruparea ce contine incércare seismicd, pentru
gruparea fundamentald nu se va impune constrangeri. Indicat pentru modele ce au cuzinet si bloc
simplu de beton.

Daca se utilizeazé calcul uniderectional (solicitare forta directia X si incovoiere fata de axa Y-Y se
poate defini constréangere de tip diafragma rigidé fata de axa Y si invers Y+X-X= diafragma
X), constrangere fata de axa de incovoiere.

Utilizand constranqeri calculul devine mai dificil, se pot folosi modele si fara constrangeri, rezultatele
sunt similare pentru stalpi cu sectiune redusa. Aceste modele sunt mai usor de utilizat.







Model fara constranqeri:

suo2000 1142 K G P Rt WA Dy S 5 | |

File Edit View Define Bridge Draw Select Assign  Analyze Display Design QOptions Tools Help -8 %
D@ A% v /@2 PRPRAD M 34w wvnwlé ¢8 HB % . nipM-n . I @8-

| e e

Section Cutting Line
¥

Z

Start Paint [1.20 [0

[oz2z5

End Paint [1.20 [0.90

Resultant Farce Location and Angle
X ¥

[ozzs

Z Angle ({ta 1]

[1.20

[0.90

Include v Frames [v Shells v Asolids
Integrated Forces
Right Side

2 2

[o225 [0

¥ Plares [~ ¥ Links

Leit Side
2 Z

Force | il 0] 1433337 |

o o[ 493337

Moment | 22,456 | 63.7181 | 0 |

Save Cut
Clase

e T}

MIN=-374.029, MAx=607.967, Right Click on any Area Element for detailed diagram

-70.

0.

140 210 280, 350

22456 637181 | 0.

Save Cut

4

&= [eoBal |[kNmC  ~

Momentul de calcul 63.71kNm, iar forta taietoare |a fata stélpului 149kN.



Momentul de calcul Mg4=63.71kNm/m, momentul capabil pentru armarea cu @12/15 jos si ©10/20
sus, Mgy =82.50kNm/m

Loading Details:
Constant Load - P
Incrementing Loads:
Number of Points:

Analysis Strategy:

Analysis Results:
Failing Matenal:

Failure Strain:

Curvature at [nitial Load:
Curvature at First Yield:
Ultimate Curvature:

Moment at First Yield:

JLO00E-3 KN
Mz Only
30

Displacement Control

PC32

30.00E-3 Tension
0 I'm

-6283E-3 l/m
-1336 1/m

-62.37 KN-m

IL'lti.mate Moment:

-§2.50 kN-m

Centroid Strain at Yield:
Centroid Strain at Ultimate:
N.A. at First Yield:

N.A_ at Ultimate:

Energy per Length:
Effective Yield Curvature:
Effective Yield Moment:
Ovwer Strength Factor:

El Effective:

Tield EI Effective:
Bilinear Harding Slope:
Curvature Ductility:

Mf+§ 1,70

1000 - 45072

O779E-3 Ten
26.64E-3 Ten
-1336 m

-1964 m

1070 KN
8.076E-3 1/'m
80.13 EN-m
-1.030

9.923E+6 N-m"2
18.56E+3 N-m"2
870 %%

16.80

Moments about the X-Awxs - KN-m

20
80
0
60

0.00

002 004 006 008 010 012 014 016
Curvatures about the X-Axis - 1/'m

kNm
0,89:-107°% = 51,067,fctd = 0,89MPa

Momentul la fisurare M;, =50.12 kNm/m

Loading Details:
ConstantLoad - P:
Incrementing Loads
Number of Points

Analysis Strategy:

Analysis Results:
Failing Material:

Failure Strain:

Curvature at Initial Load:
Curvature at First Yield.
Ultimate Curvature
Moment at First Yield:
Ultimate Moment:

Centroid Strain at Yield:

Centroid Strain at Ultimate:

N.A. atFirst Yield:

NA_ at Ultimate:

Energy per Length
Effective Yield Curvature:
Effective Yield Moment:
Over Strength Factor:
EIEffective:

Yeld EI Effective:
Bilinear Harding Slope:
Curvature Ductility:

Mamman: ton

-LODOE-3 kN
Mo Only
30

Displacement Control

C16/20f
L100E-3 Tension
0 Lm

-6283E-3 I'm
-3262E-3 I/'m
6237 kKN-m
-30.12 KN-m
STT8E-3 Ten
A028E-3 Ten
-1336 m

-1235 m
8297E-3 KN
-1383E-3 Im
-1372 KN-m
36.52

9.823E+6 N-m"2
L31E+7 N-m™2
1526 %

2338
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Moments about the X-Axis - KN-m
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-10"Curvatures about the X-Axis - 1/'m




